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   ABSTRACT 
Chloroquine, a synthetic antimalarial drug, has been a cornerstone in the treatment and prevention of malaria for over 70 years. Its ability to interfere with the digestion of hemoglobin in Plasmodium parasites has made it highly effective against Plasmodium falciparum and Plasmodium vivax, the main causative agents of malaria. However, widespread resistance, particularly in Southeast Asia and parts of Africa, has reduced its effectiveness, prompting the use of alternative therapies, such as artemisinin-based combination therapies (ACTs). Despite the growing issue of resistance, chloroquine remains a valuable therapeutic option in areas where drug resistance is not yet widespread. This review explores the pharmacodynamics and pharmacokinetics of chloroquine, its clinical applications, including treatment and prophylaxis of malaria, the development of resistance, side effects, and its evolving role in malaria management. Furthermore, the paper discusses the future challenges of chloroquine use, including resistance mitigation strategies and the potential for combination therapies.
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  INTRODUCTION OF CHLOROQUINE:- 
Chloroquine is a medicine used to treat malaria, a disease caused by parasites. It works by increasing a substance in the blood called haeme, which is harmful to the malaria parasite. This kills the parasite and stops the disease from spreading.However, some types of malaria, including resistant and severe cases, may need different or additional medicines.Chloroquine is also sometimes used to treat certain conditions, like infections outside the intestines (amebiasis), rheumatoid arthritis, and lupus.It seems safe to use during pregnancy, though it hasn’t been fully studied.Early in the COVID-19 pandemic, chloroquine was tested as a treatment, but most studies stopped in mid-2020, and the NIH does not recommend it for COVID-19.This medicine is taken by mouth.
Chloroquine can cause common side effects like muscle pain, loss of appetite, diarrhea, and skin rashes. Serious side effects include vision problems, muscle damage, seizures, and low levels of blood cells.It belongs to a group of medicines called 4-aminoquinolines. For malaria, it works by targeting the parasite inside red blood cells. However, it’s unclear how it helps with rheumatoid arthritis and lupus.Chloroquine was discovered in 1934 by Hans Andersag. It is included in the World Health Organization's List of Essential Medicines and is available as a generic drug.
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                                    Structure of chloroquine 
          Medicinal Use :-
1. Treatment of Malaria: Effective against Plasmodium vivax, P. ovale, and P. malariae in        non-resistant regions.
2. Prophylaxis of Malaria: Prevents malaria in areas with chloroquine-sensitive parasites.
3. Treatment of Rheumatoid Arthritis: Reduces inflammation and slows disease progression.
4. Management of Systemic Lupus Erythematosus (SLE): Alleviates symptoms like joint pain           and skin rashes.
5. Treatment of Hepatic Amebiasis: Used as a secondary therapy for Entamoeba histolytica liver infections.
6. Management of Autoimmune Diseases: Useful in treating other immune-mediated conditions.
7. Antiviral Research: Investigated for potential antiviral properties against viruses like HIV and SARS-CoV-2.
8. Adjunct in Cancer Therapy: Studied for its role in inhibiting autophagy in cancer cells.
9. Anti-inflammatory Effects: Beneficial in managing chronic inflammatory conditions.
10.  Porphyria Cutanea Tarda: Occasionally used to manage this rare metabolic disorder.
11. Dermatological Uses: Helps treat photosensitivity disorders and discoid lupus      erythematosus.
12. Sarcoidosis Management: Sometimes used for cutaneous manifestations.
13. Polymyositis/Dermatomyositis: Investigated for its potential to reduce inflammation in these conditions.
14. Sjögren’s Syndrome: May help with symptoms like dry eyes and fatigue.
15. Experimental Use in Neurological Disorders: Studied for possible benefits in neurodegenerative diseases like Alzheimer’s.
       Side effects :-
Side Effects of Chloroquine 
1. Common Side Effects:-
Blurred vision,Nausea, vomiting, and diarrhea,Stomach cramps,Skin rash, itching, and hair loss,Headache
2. Serious Side Effects:
Swelling in legs or ankles,Shortness of breath,Pale skin, lips, or nails (anemia),Muscle weakness,Easy bruising or bleeding
3. Mental and Neurological Problems:
Confusion or personality changes,Hallucinations (seeing or hearing things that aren't real),Twitching of the face or tongue,Uncontrolled movements (like dystonia or dyskinesia)
4. Hearing Issues:-Ringing in the ears (tinnitus),Hearing loss
5. Serious Infections:-High fever, severe chills, or persistent sore throat
6.Skin and Psoriasis:-Severe itching, especially in some people of African descent,Triggering psoriasis flare-ups
7. Taste Issues:- Unpleasant metallic taste
8. Eye Problems:- Permanent retinal damage (loss of vision)
9. Heart Problems:- Changes in heart rhythm or heart failure (rare but serious)
10.Blood Disorders:-Low red blood cells, white blood cells, or platelets (anemia, neutropenia)
11. Worsening of Porphyria:- Aggravates symptoms in people with porphyria (a rare genetic disorder)
12. Delayed Allergic Reactions:- Severe allergic response over time
Pregnancy and Breastfeeding
Generally safe at prescribed doses for malaria prevention during pregnancy.Small amounts pass into breast milk but are not harmful to babies.Pregnant women should avoid traveling to areas with malaria risk.
Elderly Patients
Limited data on safety for people over 65.
Needs careful monitoring, especially for those with kidney issues
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                                            Fig:- chloroquine used as various diseases 
   Drug interactions:-
Chloroquine has a number of drug–drug interactions that might be of clinical concern:[citation needed]
Ampicillin – levels may be reduced by chloroquine.
Antacids – may reduce absorption of chloroquine.
Cimetidine – may inhibit metabolism of chloroquine; increasing levels of chloroquine in the body.
Cyclosporine – levels may be increased by chloroquine. 
Mefloquine – may increase risk of convulsions.
  Overdose of chloroquine:-
  Chloroquine overdose can be fatal, with a 20% risk of death. It is absorbed quickly in the body, and symptoms usually begin within an hour. Overdose symptoms may include drowsiness, vision problems, seizures, breathing issues, and heart problems like irregular heartbeats and low blood pressure. It can also cause low potassium levels in the blood.The usual dose for treatment is 10 mg per kilogram of body weight, but poisoning begins at 20 mg per kilogram, and death may occur at 30 mg per kilogram. In children, even one pill can be deadly.
Treatment includes:
Mechanical ventilation for breathing support,Cardiac monitoring to check heart function,Activated charcoal to limit further absorption,Intravenous fluids and vasopressors like epinephrine to support blood pressure,Benzodiazepines to control seizures,Potassium chloride to correct low potassium levels (with caution due to the risk of high potassium later).Dialysis is not effective in treating chloroquine overdose. Prompt medical attention is crucial. 
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                          Fig:- flowchart of classification of Antimalarial drugs 
      Chloroquine as an antimalarial agent:-
In the first half of the 19th century, quinine (QN) was successfully extracted from the bark of the Cinchona tree by French pharmacists, and it became the first effective treatment for malaria. Based on the structure of quinine, chloroquine (CQ) was synthesized by Bayer A.G. in Germany in 1934, and hydroxychloroquine (HCQ) was developed in 1944. When resistance to chloroquine emerged, other compounds were created, building on the quinine structure, to continue the fight against malaria.
 Malaria drug therapy:- 
Malaria is a serious infectious disease and a major health issue worldwide. According to the World Health Organization's 2018 report, around 219 million people were infected with malaria, especially children and pregnant women, and 435,000 people died from the disease. Malaria is caused by five types of parasites: Plasmodium falciparum, Plasmodium vivax, Plasmodium ovale, Plasmodium knowlesi, and Plasmodium malariae. Of these, P. vivax is the most common and causes the most widespread illness and death.
Chloroquine (CQ) has been a widely used and effective treatment for malaria for many years. It is often given with primaquine to prevent the return of P. vivax. However, as drug-resistant strains of the malaria parasite have emerged, new treatments are urgently needed. Several new antimalarial drugs, based on quinoline derivatives, have been developed, showing effectiveness against malaria in single treatments. These include 4-aminoquinolines (like amodiaquine, pyronaridine, and piperaquine), aminoalcohols (like mefloquine and lumefantrine), and 8-aminoquinolines (like primaquine), all of which show promise in treating malaria.
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                                             Fig :- Malaria cycle 
  Introduction of Antimalarial Drugs with the Quinoline Scaffold :-
For many years, the bark of the Cinchona tree was used to treat fevers. Later, scientists discovered its active ingredient, quinine, which became the first effective medicine for malaria. Quinine works quickly and is very effective in killing malaria parasites in the blood, especially in severe cases. It also has a mild effect on certain parasite stages (P. vivax and P. malariae), but it has some side effects that made people look for better options.To improve safety and effectiveness, researchers created new drugs based on quinine's structure, such as chloroquine (CQ), amodiaquine (AQ), and mefloquine (MQ). These drugs were inspired by quinine's main chemical structure, the quinoline ring.Chloroquine, introduced in the 1940s, became the most widely used malaria drug because it was effective, safe, affordable, and worked against all malaria types in the blood. However, it does not work on liver stages or mature gametocytes (the parasite's sexual stages).
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        Fig:-  Chemical structure of antimalarial drugs containing the quinoline ring.
 The use of chloroquine (CQ) has become limited because malaria parasites in many regions have developed resistance to it, causing a major health concern in areas where malaria is common. To address this, researchers have worked to find new antimalarial drugs effective against CQ-resistant strains.One such drug, amodiaquine (AQ), is a modified version of CQ with a similar way of working. It is effective against CQ-resistant Plasmodium falciparum strains. However, AQ and CQ share some cross-resistance, meaning parasites resistant to CQ may also resist AQ. Additionally, AQ can cause serious side effects, such as damage to the liver (hepatotoxicity) and a drop in white blood cells (agranulocytosis), especially with long-term use. Because of this, AQ’s clinical use is limited.
Mefloquine (MQ), another drug with a structure similar to quinine, is recommended for preventing and treating malaria in regions where CQ resistance is common. The Centers for Disease Control and Prevention (CDC) endorses its use. MQ is effective against blood-stage malaria parasites and lasts a long time in the body, but its toxicity has limited its widespread use. Today, MQ is often combined with artesunate to treat resistant malaria strains effectively.
Chloroquine’s early success was due to its strong effectiveness, low toxicity, easy use, and affordable production. Unfortunately, widespread drug resistance, including to CQ and pyrimethamine/sulfadoxine, remains a major challenge for malaria treatment and control. This has led researchers to develop new drugs based on the quinoline structure, which could serve as alternatives to older antimalarial medications. In this context, new analogues of CQ and AQ with the 4-aminoquinoline structure are being studied as potential solutions.
Mechanism of action on chloroquine against malaria 
The lysosomotropic character of chloroquine is believed to account for much of its antimalarial activity; the drug concentrates in the acidic food vacuole of the parasite and interferes with essential processes. Its lysosomotropic properties further allow for its use for in vitro experiments pertaining to intracellular lipid related diseases, autophagy, and apoptosis.
Inside red blood cells, the malarial parasite, which is then in its asexual lifecycle stage, must degrade hemoglobin to acquire essential amino acids, which the parasite requires to construct its own protein and for energy metabolism. Digestion is carried out in a vacuole of the parasitic cell.[citation needed]
Hemoglobin is composed of a protein unit (digested by the parasite) and a heme unit (not used by the parasite). During this process, the parasite releases the toxic and soluble molecule heme. The heme moiety consists of a porphyrin ring called Fe(II)-protoporphyrin IX (FP). To avoid destruction by this molecule, the parasite biocrystallizes heme to form hemozoin, a nontoxic molecule. Hemozoin collects in the digestive vacuole as insoluble crystals.[citation needed]
Chloroquine enters the red blood cell by simple diffusion, inhibiting the parasite cell and digestive vacuole. Chloroquine (CQ) then becomes protonated (to CQ2+), as the digestive vacuole is known to be acidic (pH 4.7); chloroquine then cannot leave by diffusion. Chloroquine caps hemozoin molecules to prevent further biocrystallization of heme, thus leading to heme buildup. Chloroquine binds to heme (or FP) to form the FP-chloroquine complex; this complex is highly toxic to the cell and disrupts membrane function. Action of the toxic FP-chloroquine and FP results in cell lysis and ultimately parasite cell autodigestion. Parasites that do not form hemozoin are therefore resistant to chloroquine.
                     [image: image7.png]cQ
pH:74

Chloroquine is protonated in
food vacuole




                              Fig:-Mechanism of action on chloroquine against malaria 
  The Mechanism of Chloroquine Resistance in Plasmodium Falciparum:-
In 1957, the first parasite resistance to CQ was reported. Different factors were led to early resistance to the cheapest and safest antimalarial drug. These factors included frequent travels to malarious areas, uncontrolled treatment regimens with CQ, and finally the feeding of mosquitoes from different hosts.13 The weak accumulation of CQ into the FV of the parasite is the most important mechanism of resistance, accord with mutations in transporter proteins such as the P. falciparum CQ resistance transporter (PfCRT) and multi-drug resistant protein-1 (PfMDR1) which have located in the parasite’s FV membrane. Consequently, the decrease in drug accumulation is responsible for the loss of antiplasmodial activity. It has been reported that PfCRT mutation at amino acid 76 reduces the CQ uptake into the FV (figure 4).14,15 In other words, this mutation is resulted to CQ efflux out of the acidic FV,16,17 or the transporter (PfCRT) acts as a channel and allows the exit of CQ from the FV of the parasite.18,19 Furthermore, PfMDR1 transfer CQ into the vacuole.20 The mutation in PfMDR1 also reduces the transport capacity of the drug 
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                    Fig:- mechanism of chloroquine in plasmodium falciparum 
  Drug resistance against antimalarial agents:-
Antimalarial drugs are effective, but their use is challenged by drug resistance. Here's a simplified explanation of how resistance works:
1. Drug Resistance in Malaria Parasites:
Over time, certain strains of Plasmodium (the malaria parasite) can evolve to resist treatment.This resistance is often linked to genetic changes in the parasite, especially in specific genes like Pfcrt and Pfmdr1.
2. Key Genes Involved in Resistance:
The Pfcrt gene helps control how the parasite takes in and expels drugs like chloroquine.The Pfmdr1 gene codes for a protein that pumps drugs out of the parasite's cells.Mutations in these genes can make the parasite less responsive to drugs.
3. How Resistance Happens:
Normally, drugs enter the parasite and accumulate in its cells, where they disrupt its processes.In resistant parasites, certain membrane transport proteins (like PfCRT and Pfmdr1) work together to pump the drug out before it can be effective.This leads to reduced drug accumulation, meaning the drug can't reach the levels needed to kill the parasite.
4. How Efflux and pH Affect Resistance:
The balance between the PfCRT and Pfmdr1 proteins helps control the movement of drugs in and out of the parasite.An increase in energy-driven efflux (pumping drugs out) and a decrease in drug uptake are key factors in making the parasite resistant to treatment.Additionally, the pH of the parasite's food vacuole (where the drug needs to act) may be altered, further reducing the drug’s effectiveness.
In short, drug resistance in malaria arises when the parasite evolves mechanisms that stop drugs from entering its cells or decrease the drugs' ability to act, often due to genetic mutations in key transport proteins.
 Importance of Chloroquine and Modifications in Its Structure:-
 The spread of chloroquine (CQ) resistance has been one of the most significant challenges in malaria treatment, impacting the drug's efficacy and leading to a shift in therapeutic strategies. Here's an overview of the key points from the text you provided:
1. History of CQ Resistance
Initial Efficacy and Resistance Emergence: Chloroquine was the drug of choice for malaria treatment in many parts of the world since the 1950s. However, the development of resistance, particularly to Plasmodium falciparum, was reported in the 1960s, which diminished its effectiveness in certain geographical regions.
Shift to Other Combinations: In response to CQ resistance, the combination of pyrimethamine and sulfadoxine (known as Fansidar) became the treatment of choice for a period of around 20 years. These combinations provided an alternative therapy that delayed the spread of resistance.
2. Reemergence of CQ Sensitivity
Rescue of Sensitivity: Over time, studies showed that CQ sensitivity could be restored in certain areas. One example mentioned is the deletion of the PfCRT (Plasmodium falciparum chloroquine resistance transporter) mutation (T76) in Malawi, which occurred after CQ was discontinued in the region for 8 years. This indicates that the removal of CQ from circulation may help limit the spread of resistance, allowing for the recovery of drug sensitivity.Genetic Mutations and Resistance: The primary mutation associated with CQ resistance is located in the PfCRT gene, which encodes a transporter protein that affects the accumulation of CQ in the digestive vacuole (FV) of the parasite. The T76 mutation is one of the critical mutations that contribute to reduced drug accumulation and resistance.
3. Chemical Structure of CQ
Key Structural Features: CQ contains a quinoline ring structure and a pentamidine side chain. The quinoline ring is essential for binding to heme within the parasite’s digestive vacuole, while the diethylamino group aids in the drug's accumulation in the FV.Quinoline Ring: The flat heteroaromatic ring in CQ is crucial for its interaction with heme, which results in the drug's antimalarial effect.Pentamidine Chain: The side chain facilitates the accumulation of CQ in the FV, contributing to the drug’s efficacy in killing the malaria parasite.
4. Design of New CQ Derivatives
Research Focus on Quinoline Derivatives: Given the persistence of CQ resistance and the ongoing need for effective malaria treatment, researchers have focused on developing new quinoline-based antimalarial compounds. These new derivatives often retain the quinoline ring, as it is central to the drug’s action, but the pentamidine chain is frequently replaced with other substituents to enhance the drug’s activity or overcome resistance.
Innovation in CQ Alternatives: The goal of these new compounds is to design antimalarials that maintain the therapeutic efficacy of CQ while circumventing the mechanisms of resistance that have reduced CQ's effectiveness in many regions
.
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                                    Fig:- chemical structure of chloroquine 
PHARMACOKINETICS ACTION ON CHLOROQUINE 
1] absorption 
 Chloroquine oral solution has a bioavailability of 52-102% and oral tablets have a   bioavailability of 67-114%.10 Intravenous chloroquine reaches a Cmax of 650-1300µg/L and oral chloroquine reaches a Cmax of 65-128µg/L with a Tmax of 0.5h.10
2] volume of distribution 
   The volume of distribution of chloroquine is 200-800L/kg.10
3] protein binding 
  Chloroquine is 46-74% bound to plasma proteins.9 (-)-chloroquine binds more strongly to alpha-1-acid glycoprotein and (+)-chloroquine binds more strongly to serum albumin.
4] metabolism 
  Chloroquine is N-dealkylated primarily by CYP2C8 and CYP3A4 to N-desethyl chloroquine.5,6,7,10 It is N-dealkylated to a lesser extent by CYP3A5, CYP2D6, and to an ever lesser extent by CYP1A1.5,6,7,10 N-desethyl chloroquine can be further N-dealkylated to N-desethyl chloroquine, which is further N-dealkylated to 7-chloro-4-aminoquinoline.
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5] route of elimination 
  Chloroquine is predominantly eliminated in the urine.10 50% of a dose is recovered in the urine as unchanged chloroquine, with 10% of the dose recovered in the urine as desethyl chloroquine.
6] half - life
   The half life of chloroquine is 20-60 days.
7]Clearance
    Chloroquine has a total plasma clearance of 0.35-1 L/h/kg.
8] toxicity 
    Patients experiencing an overdose may present with headache, drowsiness, visual disturbances, nausea, vomiting, cardiovascular collapse, shock, convulsions, respiratory arrest, cardiac arrest, and hypokalemia.19 Overdose should be managed with symptomatic and supportive treatment which may include prompt emesis, gastric lavage, and activated charcoal.
PHARMACOLOGICAL ACTION OF CHLOROQUINE:-
Chloroquine has several pharmacological activities, particularly as an antimalarial and immunomodulatory drug. Below are the key pharmacological activities of chloroquine:
1. Antimalarial Activity
Mechanism of Action: Chloroquine primarily exerts its antimalarial effects by interfering with the parasite's ability to digest hemoglobin in red blood cells. During this process, the malaria parasite releases heme, which is toxic. Chloroquine inhibits the parasite’s heme detoxification mechanism by blocking the action of the enzyme heme polymerase, leading to the accumulation of toxic free heme within the parasite, ultimately causing its death.
Activity Against Plasmodium: Chloroquine is effective against the erythrocytic stages of Plasmodium parasites, including Plasmodium falciparum, Plasmodium vivax, Plasmodium malariae, and Plasmodium ovale. However, its effectiveness has decreased in regions where resistance has developed, especially against P. falciparum.
2. Immunomodulatory Effects
Anti-inflammatory Activity: Chloroquine has potent anti-inflammatory effects, which is why it is used in autoimmune diseases like systemic lupus erythematosus (SLE) and rheumatoid arthritis. It interferes with the activation of immune cells by inhibiting the signaling pathways that promote inflammation.
Inhibition of Cytokine Production: Chloroquine modulates the production of inflammatory cytokines by reducing the activation of transcription factors such as NF-kB (nuclear factor kappa-light-chain-enhancer of activated B cells) and decreasing the secretion of pro-inflammatory cytokines, such as TNF-alpha and interleukins.
Endosomal Acidification: Chloroquine interferes with the acidification of endosomes and lysosomes in immune cells, impairing antigen processing and presentation, which in turn reduces the activation of T-cells and the overall immune response.
3. Antiviral Activity
Interference with Viral Entry and Replication: Chloroquine has shown some antiviral activity against certain viruses. It can increase the pH of intracellular compartments like endosomes, which is essential for the fusion of certain viruses, such as coronaviruses and flaviviruses, with host cells. By inhibiting viral entry and replication, chloroquine was initially investigated as a potential treatment for diseases like COVID-19, although its efficacy in this area has been debated and largely disproven in clinical trials.
Inhibition of Virus Spread: Chloroquine also inhibits the replication of some RNA viruses by interfering with viral RNA synthesis and protein translation, though its clinical efficacy remains controversial.
4. Anticancer Activity
Autophagy Inhibition: Chloroquine inhibits autophagy, a process by which cells recycle damaged proteins and organelles. In cancer cells, autophagy often helps protect against cellular stress. By inhibiting this process, chloroquine can sensitize cancer cells to chemotherapy and promote cell death.
Synergy with Chemotherapy: Chloroquine has been explored as an adjunct to chemotherapy, as it may improve the effectiveness of certain chemotherapeutic agents by preventing cancer cells from repairing damaged DNA or evading apoptosis (programmed cell death).
5. Neuropharmacological Effects
CNS Penetration: Chloroquine can cross the blood-brain barrier, which is why it has been studied for neuroinflammatory conditions and as a potential treatment for diseases like Alzheimer's disease. Some studies suggest that chloroquine may affect amyloid-beta plaques, a hallmark of Alzheimer's, though more research is needed.
Neuroprotective Effects: In some models, chloroquine has shown neuroprotective effects, possibly due to its ability to modulate oxidative stress and neuroinflammation.
6. Antiparasitic Activity
Effect on Other Protozoa: Beyond malaria, chloroquine has been investigated for its effects on other protozoan parasites. It has shown activity against Entamoeba histolytica, the causative agent of amoebiasis, and Toxoplasma gondii, the causative agent of toxoplasmosis.
7. Other Pharmacological Effects
Analgesic and Antipyretic Properties: Chloroquine exhibits mild analgesic and antipyretic effects, though these are less significant compared to its other pharmacological activities. This may be related to its anti-inflammatory properties.
Muscle Relaxation and Cardiac Effects: Chloroquine has been shown to cause muscle weakness and cardiotoxicity, especially with long-term or high-dose usage. It can affect cardiac conduction, leading to arrhythmias, which is a significant concern when prescribing chloroquine for long durations.
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                           Fig:- chloroquine and hydrochloroquine in covid-19
CONCLUSION :-
The spread of resistance to current antimalarial drugs has prompted significant efforts from both researchers and pharmaceutical companies to develop new and more effective treatments. Global organizations, such as the Bill and Melinda Gates Foundation (BMGF) and Medicines for Malaria Venture (MMV), continue to support malaria elimination programs worldwide, helping drive forward these efforts.In the face of growing resistance, particularly to drugs like chloroquine (CQ) and amodiaquine (AQ), many new compounds have been synthesized, drawing on the proven efficacy of the 4-aminoquinolone scaffold. This scaffold, present in CQ and AQ, serves as the backbone for developing new analogues designed to counteract resistance and improve the safety profile of these drugs.The newly synthesized CQ and AQ analogues have shown promising results in both in vitro and in vivo studies, demonstrating significant antimalarial activity, especially against CQ-resistant strains of Plasmodium falciparum. With the 7-chloro-4-aminoquinoline nucleus preserved in these analogues, several compounds have already entered preclinical and clinical development stages.Given the progress made with these new analogues, further research is essential to refine these compounds and enhance their efficacy, safety, and affordability. The goal is to produce a new generation of antimalarial drugs, based on the 4-aminoquinoline structure, that can effectively combat resistant strains of the parasite and become an integral part of global malaria elimination efforts. Continued innovation and development are crucial to addressing the ever-evolving challenge of malaria treatment and resistance.
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