 Artemisinin and Derivatives
Artemisinin is  derived from qing hao (Artemisia annua), also called sweet wormwood or annual wormwood. By 1972, Chinese scientists had identified the major antimalarial ingredient, qinghaosu, now known as artemisinin.
The artemisinin are divided into three major semisynthetic derivatives in clinical use, these are: dihydroartemisinin, artemether, and artesunate. 
The artemisinins are very potent and fast-acting antimalarials, inducing more rapid parasite clearance and fever resolution than any other currently licensed antimalarial drug. They are particularly well suited for the treatment of severe P. falciparum malaria and are also effective against the asexual erythrocytic stages of P. vivax. 

Artemisinins cause a significant reduction of the parasite burden, with a four-log10 reduction in the parasite population for each 48-hour cycle of intraerythrocytic invasion and replication. As such, only three to four cycles (6-8 days) of treatment are required to remove all the parasites from the blood. 

Additionally, artemisinins possess some gametocytocidal activity, leading to a decrease in malarial parasite transmission. ACTs have low toxicity and are considered safe for use in nonpregnant adults and children. 

Mechanism of Action
The activity of artemisinin and its potent derivatives results from reductive scission of the peroxide bridge by reduced heme-iron, which is produced inside the highly acidic digestive vacuole (DV) of the parasite as it digests hemoglobin

Artemisinins do not display clinical cross-resistance with other drugs. The sensitivity to artemisinins has been increased in at least some strains of chloroquine-resistant parasites. The World Health Organization (WHO) and most authorities recommend using artemisinins only in combination therapy, both to increase treatment efficacy and prevent the emergence of drug resistance.

Absorption and Excretion

The semisynthetic artemisinins have been formulated for oral (dihydroartemisinin, artesunate, and artemether), intramuscular (artesunate and artemether), intravenous (artesunate), and rectal (artesunate) routes. Bioavailability after oral dosing typically is 30%. Artemisinins rapidly achieve peak serum levels; intramuscular administration of the lipid-soluble artemether peaks in 2-6 hours, due to a depot effect at the injection site. 
Artesunate and Artemether have modest levels of plasma protein binding, ranging from 43% to 82%. The derivatives are extensively metabolized and converted to dihydroartemisinin, which has a plasma t1/2 of 1-2 hours. Rectal administration of artesunate has emerged as an important administration route, especially in tropical countries where it can be lifesaving. 
With repeated dosing, artemisinin and artesunate induce their own CYP-mediated metabolism, primarily via CYPs 2B6 and 3A4. This may enhance clearance by up to 5-fold. 

Therapeutic Uses

The artemisinins are valuable for the treatment of severe P. falciparum malaria. The artemisinins generally are not used alone because of their limited ability to eradicate infection completely. Artemisinins are highly effective, when combined with other antimalarials, for the first-line treatment of malaria. Artemisinins should not be used for chemoprophylaxis because of their short t1/2, which translates into high recrudescence rates. 

Toxicity and Contraindications

The increasing usage of ACTs has focused attention on the safety profile of artemisinins, especially with regard to potential toxic effects in infants and during the first trimester of pregnancy. Although, artemisinin treatment have no evidence of adverse effects on fetal development during first trimester but, it is recommended that ACTs not be used for the treatment of children 5 kg or during the first trimester of pregnancy.

ACT Partner Drugs

Combining an artemisinin derivative with a longer-lasting partner drug assures sustained antimalarial activity. Current ACT regimens that are well tolerated in adults and children 5 kg include artemether-lumefantrine, artesunate-mefloquine, artesunate-amodiaquine, artesunate-sulfoxadine-pyrimethamine, and dihydroartemisinin-piperaquine. Artesunate-pyronaridine has also recently completed phase III clinical trials. 
Lumefantrine shares structural similarities with the arylaminoalcohol drugs mefloquine and halofantrine and is formulated with artemether (COARTEM).

Atovaquone

History

Atovaquone was developed as a promising synthetic derivative with potent activity against Plasmodium species. The combination of atovaquone and proguanil produced high cure rates with minimal toxicity. 

Mechanisms of Antimalarial Action and Resistance

Atovaquone is highly active against P. falciparum asexual blood stage parasites in vitro This drug is effective against liver stages of P. falciparum but not against P. vivax liver stage hypnozoites. 
Atovaquone is a highly lipophilic analog of ubiquinone, it therefore acts selectively on the mitochondrial cytochrome bc1 complex to inhibit electron transport and collapse the mitochondrial membrane potential. The primary function of mitochondrial electron transport in P. falciparum is to regenerate ubiquinone, the electron acceptor for parasite which is essential for pyrimidine biosynthesis in the parasite. 
Synergy between proguanil and atovaquone results from the ability of nonmetabolized proguanil to enhance the mitochondrial toxicity of atovaquone.
Resistance to atovaquone alone in P. falciparum develops easily. Addition of proguanil markedly reduces the frequency of appearance of atovaquone resistance, as based on in vivo treatment cure rate. However, once atovaquone resistance is present, the synergy of the partner drug proguanil diminishes. 

Absorption, Fate, and Excretion

Atovaquone absorption after a single oral dose is slow, erratic, and variable due to its highly lipophilic nature and low aqueous solubility. Absorption improves when the drug is taken with a fatty meal. More than 99% of the drug is bound to plasma protein, and cerebrospinal fluid levels are <1% of those in plasma. Profiles of drug concentration versus time often show a double peak, albeit with considerable variability. 
Therapeutic Uses

Atovaquone-proguanil is used for malaria chemoprophylaxis in adults and children 11 kg and for treatment of uncomplicated P. falciparum malaria in adults and children 5 kg.

A tablet containing a fixed dose of 250 mg atovaquone and 100 mg proguanil hydrochloride, taken orally, is highly effective and safe in a 3-day regimen for treating mild-to-moderate attacks of chloroquine- or sulfadoxine-pyrimethamine-resistant P. falciparum malaria.
Toxicity

Atovaquone may cause side effects (abdominal pain, nausea, vomiting, diarrhea, headache, rash.Vomiting and diarrhea may decrease drug absorption, resulting in therapeutic failure. However, readministration of this drug within an hour of vomiting may still be effective in patients with P. falciparum malaria. Atovaquone occasionally causes transient elevations of serum transaminase or amylase.

Precautions and Contraindications

Although atovaquone is generally considered to be safe, it needs further evaluation in children <11 kg, pregnant women, and lactating mothers. Atovaquone may compete with certain drugs for binding to plasma proteins, and therapy with rifampin, a potent inducer of CYP-mediated drug metabolism, can reduce plasma levels of atovaquone substantially, whereas atovaquone may raise plasma levels of rifampin. Co-administration with tetracycline is associated with a 40% reduction in plasma concentration of atovaquone.

Pyrimethamine 

History

Pyrimethamine was formulated and marketed as a fixed combination with sulfadoxine For several decades sulfadoxine-pyrimethamine (FANSIDAR) has been a primary treatment for uncomplicated P. falciparum malaria, especially against chloroquine-resistant strains.
Mechanisms of Antimalarial Action and Resistance

Pyrimethamine is a slow-acting blood schizontocide resulting from inhibition of folate biosynthesis in Plasmodium. 

 Pyrimethamine has greater antimalarial potency, and its t1/2 is much longer than that of cycloguanil, the active metabolite of proguanil. 
The efficacy of pyrimethamine against hepatic forms of P. falciparum is less than that of proguanil, and at therapeutic doses pyrimethamine fails to eradicate P. vivax hypnozoites or gametocytes of any Plasmodium species. 
Synergy of pyrimethamine and the sulfonamides or sulfones results from inhibition of two key metabolic steps in folate biosynthesis in the parasite:

· the utilization of p-aminobenzoic acid for the synthesis of dihydropteroic acid, which is catalyzed by dihydropteroate synthase and inhibited by sulfonamides
· the reduction of dihydrofolate to tetrahydrofolate, which is catalyzed by dihydrofolate reductase and inhibited by pyrimethamine
Resistance to pyrimethamine has developed in regions of prolonged or extensive drug use and can be attributed to mutations in dihydrofolate reductase that decrease the binding affinity of 

Absorption, Distribution and Excretion

After oral administration, pyrimethamine is slowly but completely absorbed, reaching peak plasma levels in 2-6 hours. The compound is significantly distributed in the tissues and is ~90% bound to plasma proteins. Pyrimethamine is slowly eliminated from plasma with a t1/2 of 85-100 hours. Concentrations that are suppressive for responsive Plasmodium strains remain in the blood for ~2 weeks, but levels are lower in patients with active infection. Pyrimethamine also enters the milk of nursing mothers.

Therapeutic UsesPyrimethamine is typically administered with either a sulfonamide or sulfone to enhance its antifolate activity. 

Toxicity, Precautions, and Contraindications

Antimalarial doses of pyrimethamine alone cause minimal toxicity except for occasional skin rashes and reduced hematopoiesis. Excessive doses can produce a megaloblastic anemia, resembling that of folate deficiency, which responds readily to drug withdrawal or treatment with folinic acid. At high doses, pyrimethamine is teratogenic in the related combination, trimethoprim-sulfamethoxazole, may cause birth defects 
Proguanil

Proguanil is the common name for chloroguanide, a biguanide derivativeThe antimalarial activity of proguanil was ascribed to cycloguanil, a cyclic triazine metabolite and selective inhibitor of the bifunctional plasmodial dihydrofolate reductase-thymidylate synthetase that is crucial for parasite synthesis of purine and pyrimidine.
Mechanisms of Antimalarial Action and Resistance

In drug-sensitive P. falciparum malaria, proguanil exerts activity against both the primary liver stages and the asexual red blood cell stages, thus adequately controlling the acute attack and usually eradicating the infection. Proguanil is also active against acute P. vivax malaria, but because the latent tissue stages of P. vivax are unaffected, relapses may occur after the drug is withdrawn. Proguanil treatment does not destroy gametocytes, but oocytes in the gut of the mosquito can fail to develop normally.

Cycloguanil selectively inhibits the bifunctional dihydrofolate reductase–thymidylate synthetase of sensitive plasmodia, causing inhibition of DNA synthesis and depletion of folate cofactors

Absorption, Metabolism and Excretion

Proguanil is slowly but adequately absorbed from the GI tract. After a single oral dose, peak plasma concentrations usually are attained within 5 hours. The mean plasma elimination t1/2 is ~180-200 hours or longer.

Proguanil is oxidized to two major metabolites, cycloguanil and an inactive 4-chlorophenylbiguanide. On a 200 mg daily dosage regimen, plasma levels of cycloguanil in extensive metabolizers exceed the therapeutic range, whereas cycloguanil levels in poor metabolizers fail to reach a therapeutic level. Proguanil itself does not accumulate appreciably in tissues during long-term administration, except in red blood cells where its concentration is about three times that in plasma. The inactive metabolite 4-chlorophenyl-biguanide is not readily detected in plasma but appears in increased quantities in the urine of poor proguanil metabolizers. In humans, 40-60% of the absorbed proguanil is excreted in urine, either as the parent drug or as the active metabolite.

Therapeutic Uses

Proguanil can protect against chloroquine and pyrimethamine-sulfadoxine resistant strains of P. falciparum found in sub-Saharan Africa.

Proguanil is effective and tolerated well in combination with atovaquone, once daily for 3 days, to treat drug-resistant strains of P. falciparum or P. vivax. P. falciparum readily develops clinical resistance to monotherapy with either proguanil or atovaquone; however resistance to the combination is uncommon unless the strain is initially resistant to atovaquone. In contrast, some strains resistant to proguanil do respond to proguanil plus atovaquone.

Toxicity and Side Effects

In chemoprophylactic doses of 200-300 mg daily, proguanil causes relatively few adverse effects, except occasional nausea and diarrhea. Large doses (1 g daily) may cause vomiting, abdominal pain, diarrhea, hematuria, and the transient appearance of epithelial cells and casts in the urine. Proguanil is considered safe for use during pregnancy. It is remarkably safe when used in conjunction with other antimalarial drugs such as chloroquine, atovaquone, tetracyclines, and other antifolates.

Chemotherapy of Protozoal Infections: Amebiasis, Giardiasis, Trichomoniasis, Trypanosomiasis, Leishmaniasis
Protozoal parasites are parasites that can be transmitted by insect vectors, directly from other mammalian reservoirs or from one person to another. 
Amebiasis

Amebiasis is caused by Entamoeba spp.  These species are: Entamoeba histolytica, E. dispar, and E. moshkovskii,  only E. histolytica is capable of causing disease and thus requires treatment.

Humans are the only known hosts for these protozoa, and are transmitted almost exclusively by the fecal-oral route. Ingested E. histolytica cysts from contaminated food or water survive acid gastric contents and transform into trophozoites that reside in the large intestine. E. histolytica trophozoites invade into the colonic mucosa with resulting colitis and bloody diarrhea (amebic dysentery). In a smaller proportion of patients, E. histolytica trophozoites invade through the colonic mucosa, reach the portal circulation, and travel to the liver, where they establish an amebic liver abscess.

The chemotherapy for amebiasis

The chemotherapy for amebiasis are: the Nitroimidazole compound which is: Metronidazole or its analogsTinidazole and Ornidazole. Aminoglycoside paromomycin, 8-hydroxyquinoline compound iodoquinol and Nitazoxanide

 They are the drugs of choice for the treatment of amebic colitis and amebic liver abscess. 

Giardiasis

Giardiasis, caused by the flagellated protozoan Giardia intestinalis, it is found in fecally contaminated water or food. 
Infection with Giardia results in one of three syndromes: an asymptomatic carrier state, acute self-limited diarrhea, or chronic diarrhea. Asymptomatic infection is most common; these individuals excrete Giardia cysts and serve as a source for new infections. Most adults with symptomatic infection develop an acute self-limited illness with watery, foul-smelling stools, abdominal distension, and flatus.  The symptoms can last for 2 weeks of illness with signs of malabsorption (steatorrhea) and weight loss.

Chemotherapy 
A single dose of tinidazole is superior to metronidazole for the treatment of giardiasis. Paromomycin can be used to treat pregnant women to avoid any possible mutagenic effects of the other drugs. Others are; Nitazoxanide, N-(nitrothiazolyl) salicylamide.

Trichomoniasis

Trichomoniasis is caused by the flagellated protozoan Trichomonas vaginalis. This organism inhabits the genitourinary tract of the human host, where it causes vaginitis in women and, uncommonly, urethritis in men. Trichomoniasis is a sexually transmitted disease, 
Chemotherapy 

Metronidazole remains the drug of choice for the treatment of trichomoniasis. Tinidazole at higher doses can be used to treat metronidazole-resistant T. vaginalis. 
Trypanosomiasis

African trypanosomiasis, or "sleeping sickness," is caused by Trypanosoma brucei that are transmitted by bloodsucking tsetse flies. Largely restricted to sub-Saharan Africa, the infection causes serious human illness and also threatens livestock leading to protein malnutrition. In humans, the infection is fatal unless treated. 
There are two types of African trypanosomiasis, T. brucei rhodesiense and T. brucei gambiense, respectively.  They cause CNS damage and frequent terminal cardiac failure, they also cause cardiomyopathy, megaesophagus, megacolon, and death. 

Nifurtimox and benznidazole are used to treat this infection. 

Leishmaniasis

Leishmaniasis is a complex vector-borne zoonosis. Small mammals and canines generally serve as reservoirs for these pathogens, which can be transmitted to humans by the bites of some 30 different species of female phlebotomine sandflies.

The classic therapy for all species of Leishmania are Amphotericin B, Miltefosine and  Paromomycin 

Anti-Protozoal Drugs

Amphotericin B

Antiprotozoal Effects

Amphotericin B is a highly effective antileishmanial agent. It is considered a second-line drug for leishmaniasis. 
Mechanism of action

The mechanism of action of amphotericin B against leishmania is similar to its  antifungal activities. Amphotericin forms complexes with ergosterol precursors in the cell membrane, forming pores that allow ions to enter the cell. The drug binds to these sterols preferentially over the host cholesterol. 

Therapeutic Uses

A single dose of 5 mg/kg followed by 7-14 days treatment with oral miltefosine is effective for curing visceral leishmaniasis.

Eflornithine

Eflornithine is both safer and more efficacious than melarsoprol for late-stage of Gambiense sleeping sickness, and it is the recommended first-line treatment for this disease. 

Antitrypanosomal Effects

Eflornithine is a cytostatic agent that has multiple biochemical effects on trypanosomes, they are  lethal to the cells by disrupting the biosynthetic genes in the pathway. 
Mechanism of action

The molecular mechanism of eflornithine action clearly is inhibition of ornithine decarboxylase. Eflornithine irreversibly inhibits both mammalian and trypanosomal ornithine decarboxylases, thereby preventing the synthesis of putrescine, a precursor of polyamines needed for cell division. Eflornithine inactivates the enzyme  ornithine decarboxylase and this action leads to cell death. 
Absorption, Fate, and Excretion

Eflornithine is given by intravenous infusion. The drug does not bind to plasma proteins but is well distributed and penetrates into the CSF. Renal clearance after intravenous administration is rapid (2 mL/minute per kilogram), with >80% of the drug cleared by the kidney largely in unchanged form.

Therapeutic Uses

Eflornithine is used for the treatment of late-stage West African trypanosomiasis caused by T. brucei gambiense.  The preferred regimen for adult patients was found to be 100 mg/kg given intravenously every 6 hours as a 2-hour infusion for 14 days. Equal doses of eflornithine is less effective when given by the oral route probably because of limited bioavailability and increasing the doses can lead to osmotic diarrhea.

Toxicity and Side Effects

The adverse reactions are Abdominal pain, headache. tissue infections and pneumonia
Metronidazole

Metronidazole had extremely useful clinical activity against a variety of anaerobic pathogens that included both gram-negative and gram-positive bacteria and the protozoan. Other clinically closely related in structure and activity to metronidazole include tinidazole, secnidazole, and ornidazole. 

Antiparasitic and Antimicrobial Effects

Metronidazole and related nitroimidazoles are active in vitro against a wide variety of anaerobic protozoal parasites and anaerobic bacteria. The drug also has potent amebicidal activity against E. histolytica and Trophozoites of G. lamblia. Metronidazole also manifests antibacterial activity against all anaerobic cocci and both anaerobic gram-negative bacilli, including Bacteroides spp., and anaerobic spore-forming gram-positive bacilli. Metronidazole is clinically effective in trichomoniasis, amebiasis, and giardiasis, as well as in a variety of infections caused by obligate anaerobic bacteria, including Clostridium, and microaerophilic bacteria such as Helicobacter and Campylobacter spp. 

Mechanism of Action and Resistance

Metronidazole is a prodrug; it requires reductive activation of the nitro group by susceptible organisms. Its selective toxicity toward anaerobic and microaerophilic pathogens such as the amitochondriate protozoa T. vaginalis, E. histolytica, and G. lamblia and various anaerobic bacteria derives from their energy metabolism, which differs from that of aerobic. These organisms, unlike their aerobic counterparts, contain electron transport components such as ferredoxins, small Fe–S proteins that have a sufficiently negative redox potential to donate electrons to metronidazole. The single electron transfer forms a highly reactive nitro radical anion that kills susceptible organisms by radical-mediated mechanisms that target DNA and possibly other vital biomolecules. Metronidazole is catalytically recycled; loss of the active metabolite's electron regenerates the parent compound. Increasing levels of O2 inhibit metronidazole-induced cytotoxicity because O2 competes with metronidazole for electrons generated by energy metabolism. Thus, O2 can both decrease reductive activation of metronidazole and increase recycling of the activated drug. Anaerobic or microaerophilic organisms susceptible to metronidazole derive energy from the oxidative fermentation of ketoacids such as pyruvate. Pyruvate decarboxylation, catalyzed by pyruvate:ferredoxin oxidoreductase (PFOR), produces electrons that reduce ferredoxin, which, in turn, catalytically donates its electrons to biological electron acceptors or to metronidazole.

Absorption, Fate, and Excretion

Preparations of metronidazole are available for oral, intravenous, intravaginal, and topical administration. The drug usually is absorbed completely and promptly after oral intake, reaching concentrations in plasma of 8-13 g/mL within 0.25-4 hours after a single 500-mg dose. The t1/2 of metronidazole in plasma is ~8 hours; its volume of distribution approximates total body water. Less than 20% of the drug is bound to plasma proteins. With the exception of the placenta, metronidazole penetrates well into body tissues and fluids, including vaginal secretions, seminal fluid, saliva, breast milk, and CSF.

After an oral dose, >75% of labeled metronidazole is eliminated in the urine largely as metabolites; ~10% is recovered as unchanged drug. The liver is the main site of metabolism, and this accounts for >50% of the systemic clearance of metronidazole. The two principal metabolites result from oxidation of side chains, a hydroxy derivative and an acid. The hydroxy metabolite has a longer t1/2 (~12 hours) and has ~50% of the antitrichomonal activity of metronidazole. Formation of glucuronides also is observed. Small quantities of reduced metabolites, including ring-cleavage products, are formed by the gut flora. The urine of some patients may be reddish brown owing to the presence of unidentified pigments derived from the drug. Oxidative metabolism of metronidazole is induced by phenobarbital, prednisone, rifampin, and possibly ethanol. Cimetidine appears to inhibit hepatic metabolism of the drug.

Therapeutic Uses

Metronidazole cures genital infections with T. vaginalis in both females and males in >90% of cases. The preferred treatment regimen is 2 g metronidazole as a single oral dose for both males and females. Tinidazole, which has a longer t1/2 than metronidazole, is also used at a 2-g single dose and appears to provide equivalent or better responses than metronidazole. For patients who cannot tolerate a single 2-g dose of metronidazole (or 1 g twice daily in the same day), an alternative regimen is a 250-mg dose given three times daily or a 375-mg dose given twice daily for 7 days. Treatment failures owing to the presence of metronidazole-resistant strains of T. vaginalis are becoming increasingly common. Most of these cases can be treated successfully by giving a second 2-g dose to both patient and sexual partner. In addition to oral therapy, the use of a topical gel containing 0.75% metronidazole or a 500- to 1000-mg vaginal suppository will increase the local concentration of drug and may be beneficial in refractory cases. Metronidazole is an effective amebicide and is the agent of choice for the treatment of all symptomatic forms of amebiasis, including amebic colitis and amebic liver abscess. The recommended dose is 500-750 mg metronidazole taken orally three times daily for 7-10 days, or for children, 35-50 mg/kg/day given in three divided doses for 7-10 days.

Metronidazole is a relatively inexpensive, highly versatile drug with clinical efficacy against a broad spectrum of anaerobic and microaerophilic bacteria. It is used for the treatment of serious infections owing to susceptible anaerobic bacteria, including Bacteroides, Clostridium, Fusobacterium, Peptococcus, Peptostreptococcus, Eubacterium, and Helicobacter. The drug is also given in combination with other antimicrobial agents to treat polymicrobial infections with aerobic and anaerobic bacteria. Metronidazole achieves clinically effective levels in bones, joints, and the CNS. Metronidazole can be given intravenously when oral administration is not possible. A loading dose of 15 mg/kg is followed 6 hours later by a maintenance dose of 7.5 mg/kg every 6 hours, usually for 7-10 days. Metronidazole is used as a component of prophylaxis for colorectal surgery and is employed as a single agent to treat bacterial vaginosis. It is used in combination with other antibiotics and a proton pump inhibitor in regimens to treat infection with H. pylori.

Toxicity, Contraindications, and Drug Interactions

The most common are headache, nausea, dry mouth, and a metallic taste. Vomiting, diarrhea, and abdominal distress are experienced occasionally. Furry tongue, glossitis, and stomatitis occurring during therapy may be associated with an exacerbation of candidiasis. Dizziness, vertigo, and very rarely, encephalopathy, convulsions, incoordination, and ataxia are neurotoxic effects that warrant discontinuation of metronidazole. 
Metronidazole should be used with caution in patients with active disease of the CNS because of its potential neurotoxicity. The drug also may precipitate CNS signs of lithium toxicity in patients receiving high doses of lithium. Plasma levels of metronidazole can be elevated by drugs such as cimetidine that inhibit hepatic microsomal metabolism. Moreover, metronidazole can prolong the prothrombin time of patients receiving therapy with coumadin anticoagulants. The dosage of metronidazole should be reduced in patients with severe hepatic disease.

