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Entamoeba histolytica.
Entamoeba species are generally nonpathogenic. An infection caused by E. histolytica is called amoebiasis or amoebic dysentery. Poor environmental sanitation and low socio-economic status are important factors in the spread of the infection. It occurs by faecal contamination of food and water. 
Life Cycle of E. histolytica
Life cycle completes in single host, that human. Infection occurs by ingestion of cysts (generally from fecal contaminated food or water) Excystation occurs in the ileum of the small intestine. Amoebic cysts reaching the intestine transform into trophozoites.  Trophozoites multiply by binary fission in the large intestine which either live on the surface of colonic mucosa as commensals or form cysts that pass into the stools.  Cyst formation is triggered by the dehydration of gut contents in asymptomatic carriers. (luminal cycle) and serve to propagate the disease, or invade the intestinal mucosa to form amoebic ulcers and cause acute dysentery (with blood and mucus in stools) or chronic intestinal amoebiasis (with vague abdominal symptoms, amoeboma). 
Asymptomatic infections are responsible for the spread of the parasite with numerous cysts being passed in normal stools.  Diarrheic stools primarily contain trophozoites which cannot persist in the environment.  
Invasive forms of the disease lead to amoebic dysentery in which the trophozoites invade the intestinal wall, leading to the formation of amoebic ulcers.  This results in severe diarrhea with blood and mucus present. If trophozoites penetrate the intestinal wall, serious problems can occur, including liver abcesses, or spread to the lungs and brain, usually resulting in death. 
ANTIAMOEBIC DRUGS

These are drugs that are used in the treatment of infection caused by the anaerobic protozoa like Entamoeba histolytica.
CLASSIFICATION

1. Tissue amoebicides

(a) For both intestinal and extraintestinal amoebiasis:

Nitroimidazoles: Metronidazole, Tinidazole, Secnidazole, Ornidazole, Satranidazole

Alkaloids: Emetine, Dehydroemetine

(b) For extraintestinal amoebiasis only: Chloroquine

2. Luminal amoebicides

(a) Amide : Diloxanide furoate, Nitazoxanide

(b) 8-Hydroxyquinolines: Quiniodochlor (Iodochlorohydroxyquin, Clioquinol), Diiodohydroxyquin (Iodoquinol)

(c) Antibiotics: Tetracyclines, Paromomycin

NITROIMIDAZOLES

Metronidazole

It is the prototype nitroimidazole and  highly active amoebicide. It has broad-spectrum cidal activity against anaerobic protozoa, including Giardia lamblia. Many anaerobic and microaerophilic bacteria, such as Bact. fragilis, Fusobacterium, Clostridium perfringens, Cl. difficile, Helicobacter pylori, Campylobacter, peptococci, spirochetes and anaerobic Streptococci are sensitive.
 Metronidazole does not affect aerobic bacteria.

Metronidazole is selectively toxic to anaerobic and micro aerophilic microorganisms. After entering the cell by diffusion, its nitro group is reduced by certain redox proteins operative only in anaerobic microbes to a highly reactive nitro radical which exerts cytotoxicity. 
The nitroradical of metronidazole acts as an electron sink which competes with the biological electron acceptors of the anaerobic organism for the electrons generated by the pyruvate: ferredoxin oxidoreductase (PFOR) enzyme, pathway of pyruvate oxidation. The energy metabolism of anaerobes that have no mitochondria is thus, disrupted. 
Aerobic environment attenuates cytotoxicity of metronidazole by inhibiting its reductive activation. Moreover, O2 competes with the nitro radical of metronidazole for the free electrons generated during energy metabolism of anaerobes. Anaerobes which develop metronidazole resistance become deficient in the mechanism that generates the reactive nitro radical from it or have lower levels of PFOR.

Metronidazole, has been found to inhibit cell mediated immunity, to induce mutagenesis and to cause radio sensitization.

Pharmacokinetics 

Metronidazole is almost completely absorbed from the small intestines; little unabsorbed drug reaches the colon. It is widely distributed in the body, attaining therapeutic concentration in vaginal secretion, semen, saliva and CSF. Metabolism occurs in liver primarily by oxidation and glucuronide conjugation followed by renal excretion. Plasma t½ is 8 hrs.

Adverse reactions 

Adverse effects of metronidazole are relatively frequent and unpleasant, but mostly nonserious.

Anorexia, nausea, metallic taste and abdominal cramps are the most common. Less frequent side effects are: headache, dryness of mouth and dizziness, heat, itching, rashes.
Prolonged administration may cause peripheral neuropathy and CNS effects. Seizures have followed very high doses. Leucopenia is likely with repeated courses.

Thrombophlebitis of the injected vein occurs if the solution is not well diluted.

Contraindications
 Metronidazole is contraindicated in neurological disease, first trimester of pregnancy (though no teratogenic effect has yet been demonstrated, its mutagenic potential warrants caution). 

Interactions 
A disulfiram-like intolerance to alcohol occurs in some patients taking metronidazole.

Enzyme inducers (phenobarbitone, rifampin) may reduce its therapeutic effect. Cimetidine can reduce metronidazole metabolism: its dose may need to be decreased.

Metronidazole enhances warfarin action by inhibiting its metabolism. It can decrease renal elimination of lithium and precipitate toxicity.

Therapeutic Use
1. Amoebiasis:
 Metronidazole is a first line drug for all forms of amoebic infection. 
Invasive dysentery and liver abscess: 800 mg TDS (children 30–50 mg/kg/day) for 7–10 days.

In severe cases of amoebic dysentery or liver abscess: 500 mg may be infused i.v. slowly every 6–8 hours for 7–10 days or till oral therapy can be instituted.

Mild intestinal disease: 400 mg TDS for 5–7 days. 
Metronidazole is less effective than many luminal amoebicides in eradicating amoebic cysts from the colon, because it is nearly completely absorbed from the upper bowel.

2. Giardiasis
 It is highly effective in a dose of 400 mg TDS for 7 days. A shorter course of 3 days with 2 g/day is equally effective.

3. Trichomonas vaginitis 
It is the drug of choice; 2.0 g single dose is preferred. Alternatively, 400 mg BD–TDS may be used for 7 days.

Additional intravaginal treatment is needed only in refractory cases. Repeated courses may be necessary in some patients, but should be given with gaps of 4–6 weeks. The male partner should be treated concurrently in cases of recurrent infections.

4. Anaerobic bacterial infections 
They occur mostly after colorectal or pelvic surgery, appendicectomy, etc. 
Brain abscesses and endocarditis may be caused by anaerobic organisms.

Metronidazole is an effective drug for these and is generally used in combination with gentamicin or cephalosporins. For serious cases iv. administration is recommended: 15 mg/kg infused over 1 hr followed by 7.5 mg/kg every 6 hrs till oral therapy can be instituted with 400–800 mg TDS.

Other drugs effective in anaerobic infections are: clindamycin and chloramphenicol.

5. Pseudomembranous enterocolitis 
Oral metronidazole 400–800 mg BD–TDS for 10–14 days is more effective, more convenient, less toxic, and therefore preferred over vancomycin which may be used in nonresponsive cases, or when the infection recurs.

6. Acute necrotizing ulcerative gingivitis (ANUG) 
Metronidazole/tinidazole is the drugs of choice for ANUG (also called ‘trench mouth’) which is caused by anaerobes like fusobacteria, spirochetes and bacteroides. Metronidazole 200–400 mg TDS (15–30 mg/kg/day) is often combined with amoxicillin, tetracycline or erythromycin. The response is rapid with disappearance of the spirochete-fusobacterium complex from the lesions and resolution of pain, bleeding, ulceration and bad breath within 2–3 days; but treatment must be continued for at least 5 days.

7. Helicobacter pylori gastritis/peptic ulcer

Metronidazole or tinidazole alone is ineffective in eradicating H. pylori; resistance develops. Metronidazole 400 mg TDS or tinidazole 500 mg BD are combined with amoxicillin/clarithromycin and a proton pump inhibitor in triple drug 2week regimens.

ALKALOID

Emetine

It is an alkaloid from Cephaelis ipecacuanha. Emetine is a potent and directly acting amoebicide. It kills trophozoites but has no effect on cysts. It acts by inhibiting protein synthesis in amoebae by arresting intraribosomal translocation of tRNA amino acid complex.

In acute dysentery the stool is rapidly cleared of the trophozoites and symptomatic relief occurs in 1–3 days (even faster than metronidazole), but it is not curative in the sense that the patient continues to pass cysts in the stool. It is highly efficacious in amoebic liver abscess also.

Emetine cannot be given orally because it will be vomited out. It is administered by s.c. or i.m. injection: 60 mg OD.

It is a local irritant and has high systemic toxicity, viz, nausea, vomiting (due to CTZ stimulation and gastric irritation), abdominal cramps, diarrhoea, stiffness of muscles, myositis, hypotension, weakness ECG changes and myocarditis.

Therapeutic Use
Emetine is now rarely used for acute amoebic dysentery or for amoebic liver abscess, only in patients that cannot tolerating metronidazole. A luminal amebicides must always follow emetine to eradicate the cyst forming trophozoites. It is also effective in liver fluke infestation. 
AMIDES

Diloxanide furoate

It is a highly effective luminal amoebicide which directly kills trophozoites responsible for production of cysts. The furoate ester is hydrolysed in intestine and the released diloxanide is largely absorbed. Diloxanide is a weaker amoebicide than its furoate ester. No systemic antiamoebic activity is evident despite its absorption. It is primarily metabolized by glucuronidation and is excreted in urine.

Diloxanide furoate exerts no antibacterial action. It is less effective in invasive amoebic dysentery, because of poor tissue amoebicidal action. However, a single course produces high (80–90%) cure rate in mild intestinal amoebiasis and in asymptomatic cyst passers.

Diloxanide furoate is very well tolerated; the only side effects are occasional nausea, itching and rarely urticaria. It is a preferred drug for mild intestinal/asymptomatic amoebiasis, and is given after or along with any tissue amoebicide to eradicate cysts. Combined use with metronidazole/tinidazole is quite popular. Some chronic cases require repeat courses for eradication.

8-HYDROXYQUINOLINES

Several 8-hydroxyquinolines including Quiniodochlor and Iodoquinol are active against Entamoeba, Giardia, Trichomonas,some fungi (dermatophytes, Candida) and some bacteria. They kill the cyst forming amoebic trophozoites in the intestine, but do not have tissue amoebicidal action. Like diloxanide furoate, they are not very effective in acute amoebic dysentery but afford relief in chronic intestinal amoebiasis. Their efficacy to eradicate cysts from asymptomatic carriers is rated lower than that of diloxanide furoate. They are totally valueless in extraintestinal amoebiasis.

Absorption of 8-hydroxyquinolines from the intestine is variable. The absorbed fraction is conjugated in liver with glucuronic acid and sulfate and excreted in urine; t½ ~12 hours. Therapeutic concentrations are not attained in the intestinal wall or in liver. The unabsorbed part reaches lower bowel and acts on luminal cycle of amoebae.

Being inexpensive, these drugs have been widely and injudiciously used for the prophylaxis and treatment of nonspecific diarrhoeas, traveler’s diarrhoea, dietary indiscretion, etc.
8-Hydroxyquinolines produce few side effects: nausea, transient loose and green stools, etc. but carry toxic potential if improperly used. Iodism (furunculosis, inflammation of mucous membranes) may occur due to chronic iodine overload. Goiter may develop. Individuals sensitive to iodine may experience acute reaction with chills, fever, angioedema and cutaneous haemorrhages.

8-Hydroxyquinolines are cheap and have good patient acceptability. They may be employed in intestinal amoebiasis as alternative to diloxanide furoate.

Other uses are: giardiasis; local treatment of monilial and trichomonas vaginitis, fungal and bacterial skin infections.

ANTIBIOTICS

Tetracyclines

Tetracyclines have modest direct inhibitory action on Entamoeba. In addition, the older tetracyclines are incompletely absorbed in the small intestine, reach the colon in large amounts and inhibit the bacterial flora with which Entamoebae live symbiotically. Thus, they indirectly reduce proliferation of entamoebae in the colon and are especially valuable in chronic, difficult to treat cases who have only the luminal cycle with little mucosal invasion. 
Tetracyclines have an adjuvant role in the management of such cases, in conjunction with a more efficacious luminal amoebicide. They have also been added as the third drug along with a nitroimidazole + a luminal amoebicide in the treatment of amoebic dysentery, but have no role in hepatic amoebiasis.

Paromomycin

It is an aminoglycoside antibiotic which closely resembles neomycin. Distinctively, paromomycin is active against many protozoa like Emtamoeba, Giardia, Cryptosporidium, Trichomonas, Leishmania and some tape worms, in addition to having antibacterial spectrum like neomycin. In the 1960s an oral formulation of paromomycin was introduced as a luminal amoebicide and was briefly marketed in India as well.

However, it was soon overshadowed by metronidazole, became commercially unviable and was discontinued. It has gained popularity again and is being frequently used in USA and some other countries.

The mechanism of antiprotozoal action of paromomycin appears to be the same as its antibacterial action; viz. binding to 30S ribosome and interference with protein synthesis. 
Orally administered paromomycin acts only in the gut lumen. It is neither absorbed nor degraded in the intestines, and is eliminated unchanged in the faeces. Thus, it is free from systemic toxicity. Its effect on gut flora resembles that of neomycin. 
Paromomycin can substitute for neomycin in hepatic coma and for preoperative preparation of bowel. Paromomycin is an efficacious luminal amoebicide, achieving similar or even better clearing of cysts from stools compared to diloxanide furoate in asymptomatic cyst passers.

Good symptomatic relief and cyst clearance is obtained in chronic amoebic colitis. It can be given along with metronidazole in acute amoebic dysentery as well as in hepatic amoebiasis to eradicate the luminal cycle. 
Paromomycin is an alternative drug for giardiasis, especially during 1st trimester of pregnancy when metronidazole and other drugs are contraindicated. 
Topically, it may be used in trichomonas vaginitis and dermal leishmaniasis.
Dose: 
Oral: 500 mg (children 10 mg/kg) TDS, for 7 days for amoebiasis/giardiasis/cryptosporidiosis.

Adverse reactions are limited to the g.i.t.; nausea, vomiting, abdominal cramps, diarrhoea; rarely rashes.

NOTES ON THE TREATMENT OF AMOEBIASIS

1. Acute amoebic dysentery 
Most cases of amoebic dysentery respond to a single adequate course of treatment. Metronidazole/tinidazole are the drugs of choice. Secnidazole, ornidazole, are the alternatives. Adjuvant measures for diarrhoea and abdominal pain may be needed.

The above treatment should be followed by a course of luminal amoebicide to eradicate E. histolytica from the colon and to prevent carrier (cyst passing) state. A tetracycline, added as the third drug, may have adjuvant value.

2. Mild intestinal amoebiasis/asymptomatic cyst passers

Nitroimidazoles afford rapid symptomatic relief in mildly symptomatic intestinal amoebiasis as well, and are the first line drugs. However, they mostly fail to clear cysts, and the standard practice is to give diloxanide furoate or another luminal amoebicide, either concurrently or immediately after. Luminal amoebicides alone are generally slower in action, but avoid side effects of metronidazole. Asymptomatic cyst passers are mostly treated with only luminal amoebicide. Chronic cases may require 2–3 repeated courses in which drugs may be alternated.

A tetracycline may be given concurrently with the luminal amoebicide in cases which fail to clear completely.

3. Amoebic liver abscess It is a serious disease; complete eradication of trophozoites from the liver is essential to avoid relapses. 
Metronidazole/tinidazole is the first-choice drugs and is effective. Critically ill-patients may be treated with i.v. metronidazole for the entire course, or at least initially, followed by oral dosing. Dehydroemetine is to be used only if metronidazole cannot be given for one reason or the other, and in patients not cured by metronidazole. 
Large abscesses usually take months to resolve, even if all trophozoites are killed. If a big abscess has formed, it may be aspirated. A luminal amoebicide must be given later to finish the intestinal reservoir of infection. A course of chloroquine may be administered after that of metronidazole/dehydroemetine in those with incomplete response or to ensure that no motile forms survive in the liver.

DRUGS FOR LEISHMANIASIS

Leishmaniasis is transmitted by the bite of the female sandfly phlebotomus. In the fly the parasite exists in the flagellate extracellular (promastigote) form, while in man it is found only intracellularly within macrophages in the non-flagellate (amastigote) form. Mucocutaneous and dermal leishmaniasis are caused respectively by L. braziliensis and L. tropica. Visceral leishmaniasis (VL) is fatal unless treated.

The currently used drugs for treatment of VL are:

1. Sodium stibogluconate (SSG)

2. Amphotericin B (AMB)

3. Miltefosine

4. Paromomycin
Amphotericin B (AMB) 
This antifungal antibiotic is available in two types of preparations. The older and less expensive one is formulated with deoxycholate (AMB-DOC), while in the newer one it is incorporated in liposomes (L-AMB), and is very expensive. Like fungi, leishmania has high percentage of ergosterol and is susceptible to this antibiotic which has high affinity for ergosterol and acts by binding to it.

AMB is also useful in mucocutaneous leishmaniasis.

Miltefosine 
It is a derivative of alkyl phosphocholine with potent antileishmanial activity.
The mechanism of antileishmanial action of miltefosine is that it interferes with lipid metabolism of the parasite, prevent synthesis of some critical cell surface anchor molecules, and alter signal transduction. 
Leishmania can develop resistance to miltefosine and this may be due to mutation limiting transport of the drug into the parasite cell.

To prevent development of resistance to this useful drug, combination therapy with paromomycin or AMB is being promoted.

Miltefosine is rapidly absorbed after oral medication, and widely distributed in the body. It is a long acting drug with biphasic elimination.

In the early phase, t½ is ~7 days while the terminal t½ is ~ 4 weeks. Anorexia, vomiting and diarrhoea are the commonest adverse effects. Reversible kidney dysfunction with rise in serum creatinine has been noted. Miltefosine is teratogenic. It is contraindicated in pregnant women. When miltefosine is given, it should be ensured that female patients do not get pregnant during and till 3 months after miltefosine course.

Combination therapy

Like in the case of TB, leprosy, HIV and malaria, combination therapy with 2 effective drugs has several advantages in the treatment of VL. 
Antihelmintic Drugs

Anthelmintics are drugs that either kill (vermicide) or expel (vermifuge) infesting helminthes in the human body, 
G.i.t. is the abode of many helminths, but some also live in tissues, or their larvae migrate into tissues. They harm the host by depriving him of food, causing blood loss, injury to organs, intestinal or lymphatic obstruction and by secreting toxins.

Helminthiasis is rarely fatal, but is a major cause of ill health.

The choice of drug for each worm infestation is based not only on efficacy, but also on lack of side effects/toxicity, ease of administration (preferably single dose) and low cost. Development of resistance has not been a problem in the clinical use of anthelmintic.
The anthelminthic are:

Mebendazole

Albendazole

Pyrantel

Ivermectin- antinematodal action
Diethylcarbamazine citrate (DEC)

Praziquantel – tapeworm

Niclosamide – pinworm

Levamisole

Tetramisole
.

Mebendazole

It is a benzimidazole. It is a congener of thiabendazole, it retains the broad-spectrum of anthelmintic activity but not the toxicity of thiabendazole. It produces nearly 100% cure rate/reduction in egg count in roundworm, hook worm, tapeworms, but H. nana is relatively insensitive. It expels Trichinella spiralis from intestines, but efficacy in killing larvae that have migrated to muscles is uncertain. 
Prolonged treatment has been shown to cause regression of hydatid cysts in the liver. Treatment after resection of the cyst may prevent its regrowth.

The immobilizing and lethal action of mebendazole on worms is rather slow: takes 2–3 days to develop. The site of action of mebendazole appears to be the microtubular protein ‘tubulin’ of the parasite. It binds to ‘tubulin’ of susceptible worms with high affinity and inhibits its polymerization. Intracellular microtubules in the cells of the worm are gradually lost. In addition, it probably blocks glucose uptake in the parasite and depletes its glycogen stores. Hatching of nematode eggs and their larvae are also inhibited. Ascaris ova are killed.

Pharmacokinetics 
Absorption of mebendazole from intestines is minimal; 75–90% of an oral dose is passed in the faeces. The fraction absorbed is excreted mainly as inactive metabolites in urine/faeces.

Adverse effects 
Mebendazole is well tolerated even by patients in poor health. Diarrhoea, nausea and abdominal pain have attended its use in heavy infestation. Incidents of expulsion of Ascaris from mouth or nose have occurred, probably due to starvation of the parasite and their slow death.

Allergic reactions, loss of hair and granulocytopenia have been reported with high doses. Safety of mebendazole during pregnancy is not known, but it is contraindicated on the basis of animal data.

ANTISEPTICS AND DISINFECTANTS

The terms antiseptic and disinfectant connote an agent which inhibits or kills microbes on contact. Conventionally, agents used on living surfaces (skin, mouth) are called antiseptics while those used for inanimate objects (instruments, privies, water supply) are called disinfectants. There is considerable overlap and many agents are used in either way. 
A good antiseptic/disinfectant should be:

(i) Chemically stable.

(ii) Cheap.

(iii) Nonstaining with agreeable colour and odour.

(iv) Cidal and not merely static, destroying spores as well.

(v) Active against all pathogens—bacteria, fungi, viruses, protozoa.

(vi) Require brief time of exposure.

(vii) Able to spread through organic films and enter folds and crevices.

(viii) Active even in the presence of blood, pus, exudates and excreta.

A disinfectant in addition should not corrode or rust instruments and be easily washable.
 An antiseptic in addition should be:

• Rapid in action and exert sustained protection.

• Nonirritating to tissues, should not delay healing.

• Nonabsorbable, produce minimum toxicity if absorbed.

• Non-sensitizing (no allergy).

• Compatible with soaps and other detergents.

Spectrum of activity of majority of antiseptic disinfectants is wide, reflecting non-selectivity of action and also selective, e.g. hexachlorophene, chlorhexidine, quaternary ammonium antiseptics, and

acriflavine are more active on gram-positive than gram-negative bacteria; silver nitrate is highly active against gonococci and benzoyl peroxide against P. acnes. 

Mechanisms of action of germicides can be grouped into:

(a) Oxidation of bacterial protoplasm.

(b) Denaturation of bacterial proteins including enzymes.

(c) Detergent like action increasing permeability of bacterial membrane.

Factors which modify the activity of germicides are:

• Temperature and pH: period of contact with the microorganism.

• Nature of microbe involved.

• Size of inoculum.

• Presence of blood, pus or other organic matter.

Potency of a germicide is generally expressed by its phenol coefficient or Rideal Walker.
Phenol Coefficient: is the ratio of the minimum concentration of test drug required to kill a 24-hour culture of B. typhosa in 7.5 minute, at 37.5°C to that of phenol, under similar conditions. 
This test has only limited validity, particularly in relation to antiseptics which have to be tested on living surfaces.

Therapeutic index of an antiseptic is defined by comparing the concentration at which it acts on microorganisms with that which produces local irritation, tissue damage or interference with healing.

CLASSIFICATION

1. Phenol derivatives: Phenol, Cresol, Hexylresorcinol, Chloroxylenol, Hexachlorophene.

2. Oxidizing agents: Pot. permangnate, Hydrogen peroxide, Benzoyl peroxide.

3. Halogens: Iodine, Iodophores, Chlorine, Chlorophores.

4. Biguanide: Chlorhexidine.

5. Quaternary ammonium (Cationic): Cetrimide, Benzalkonium chloride, Dequalinium chloride.

6. Soaps: of Sod and Pot.

7. Alcohols: Ethanol, Isopropanol.

8. Aldehydes: Formaldehyde, Glutaraldehyde.

9. Acids: Boric acid, Acetic acid.

10. Metallic salts: Silver nitrate, Silver sulfadiazine, Mild silver protein, Zinc sulfate, Calamine, Zinc oxide.

11. Dyes: Gentian violet, Acriflavine, Proflavine.

12. Furan derivative: Nitrofurazone.

1. PHENOLS

Phenol (Carbolic acid): It is one of the earliest used antiseptics and still the standard for comparing other germicides. It is a relatively weak agent (static at 0.2%, cidal at >1%, poor action on bacterial spores). It is a general protoplasmic poison, injuring microbes and tissue cells alike, at higher concentrations causes skin burns and is caustic. It acts by disrupting bacterial membranes and denaturing bacterial proteins. Organic matter diminishes its action slightly while alkalies and soaps do so profoundly. It is now seldom employed as an antiseptic, but being cheap, it is used to disinfect urine, faeces, pus, and sputum of patients and is sometimes included in antipruritic preparations because of its mild local anaesthetic action.

Cresol: It is methyl-phenol; more active (3–10 times) and less damaging to tissues. Used for disinfection of utensils, excreta and for washing hands.

Chloroxylenol
 It has a phenol coefficient of 70; does not coagulate proteins, is noncorrosive, nonirritating to intact skin, but efficacy is reduced by organic matter. It is poorly water soluble; the commercial 4.8% solution (DETTOL) is prepared in 9% terpinol and 13% alcohol; used for surgical antisepsis, and a mouthwash (DETTOLIN 1% with menthol 0.45%) are also available. These preparations lose activity if diluted with water and kept for a time.

Hexachlorophene
This chlorinated phenol acts by inhibiting bacterial enzymes and (in high concentration) causing bacterial lysis. It is odourless, nonirritating and does not stain. Its activity is reduced by organic matter but not by soap. It is commonly incorporated in soap and other cleansing antiseptics for surgical scrub, patient’s skin, etc., but is narrow spectrum; kills gram-positive but not gram-negative bacteria or spores. Incorporated in toilet products, it is a good deodorant. Use of a 3% solution for baby bath markedly reduced the incidence of staphylococcal infections, but produced brain damage (especially in premature neonates). 
2. OXIDIZING AGENTS

Potassium permanganate
It occurs as purple crystals, highly water soluble, liberates oxygen which oxidizes bacterial protoplasm. 
The action is rather slow and higher concentrations cause burns and blistering—popularity therefore has declined.

It has also been used to disinfect water (wells, ponds) and for stomach wash in alkaloidal poisoning (except atropine and cocaine which are not efficiently oxidized). It promotes rusting and is not good for surgical instruments.

3. HALOGENS

Iodine 
It is a rapidly acting, broad-spectrum (bacteria, fungi, viruses) microbicidal agent; has been in use for more than a century. It acts by iodinating and oxidizing microbial protoplasm. Bacterial spores are killed with higher concentrations with longer contact. Organic matter retards but does not abolish its germicidal action. Solid iodine is corrosive, stronger solutions cause burning and blistering of skin. Tincture iodine (2% in alcohol) stings on abrasions. It is used on cuts, for degerming skin before surgery, and to treat ring worm, etc. Mandel’s paint (1.25% iodine dissolved with the help of Pot.

Iodide forming soluble I3¯-ions) is applied on sore throat. A nonstaining iodine ointment (IODEX 4%) is popular as antiseptic and counterirritant. Some individuals are sensitive to iodine—rashes and systemic manifestations occur in them.

Iodophores 
These are soluble complexes of iodine with large molecular organic compounds that serve as carriers and release free iodine slowly. 

The most popular—Povidone iodine: is nonirritating, nontoxic, nonstaining and exerts prolonged germicidal action. Treated areas can be bandaged or occluded without risk of blistering. It is used on boils, furunculosis, burns, otitis externa, ulcers, tinea, monilial/trichomonal/ nonspecific vaginitis and for surgical scrubbing, disinfection of endoscopes and instruments.

Chlorine 
A highly reactive element and a rapidly acting potent germicide, kills most pathogens (but not M. tuberculosis) in 30 sec. However, the degerming action is soon exhausted, and it lacks substantivity. It is used to disinfect urban water supplies. Organic matter binds chlorine, so that excess has to be added to obtain free chlorine concentration of 0.2–0.4 ppm. This is known as the ‘chlorine demand’ of water. Chlorine is more active in acidic or neutral medium. 

Chlorophores These are compounds that slowly release hypochlorous acid (HOCl). Because of ease of handling, they are used in preference to gaseous chlorine.

(i) Chlorinated lime (bleaching powder) It is obtained by the action of chlorine on lime; resulting in a mixture of calcium chloride and calcium hypochlorite. On exposure, it decomposes releasing 30–35% W/W chlorine. It is used as disinfectant for drinking water, swimming pools and sanitizer for privies, etc.

(ii) Sodium hypochlorite solution Contains 4–6% sodium hypochlorite. It is a powerful disinfectant used in dairies for milk cans, other equipment and for infant feeding bottles. It is unstable and too irritant to be used as antiseptic, except for root canal therapy in dentistry.

4. BIGUANIDE

Chlorhexidine 
A powerful, nonirritating, cationic antiseptic that disrupts bacterial cell membrane. A secondary action is denaturation of microbial proteins. It is relatively more active against gram-positive bacteria. Like hexachlorophene it persists on the skin. Present in SAVLON (see below), it is extensively used for surgical scrub, neonatal bath, mouthwash, obstetrics and as general skin antiseptic. Chlorhexidine is the most widely employed antiseptic in dentistry. As 0.12–0.2% oral rinse or 0.5–1% toothpaste, it is highly active in preventing/ treating gingivitis. Twice daily chlorhexidine oral rinse markedly reduces oral infections in immunocompromised patients, including AIDS. However, it may leave an unpleasant after taste, and repeated application causes brownish discolouration of teeth.

5. QUATERNARY AMMONIUM (CATIONIC) ANTISEPTICS

These are detergents; cidal to bacteria, fungi and viruses. However, many gram-negative bacteria (especially Pseudomonas), M. tuberculosis and bacterial spores are relatively resistant. They act by altering permeability of cell membranes and denaturing of bacterial proteins. Soaps, being anionic, neutralize their action, while alcohol potentiates. They spread through oil and grease, have cleansing and emulgent properties. They are nonirritating and mildly keratolytic. However, the germicidal action is rather slow and bacteria may thrive under a film formed by them on the skin. Pus, debris and porous material like cotton, polyethylene reduce their activity. Occasionally sensitization occurs. These disadvantages notwithstanding, they are widely used as sanitizers, antiseptic and disinfectant for surgical instruments, gloves, etc, but should not be considered sterilizing. 

Cetrimide 
A soapy powder with a faint fishy odour. Used as 1–3% solution, it has good cleansing action, efficiently removing dirt, grease, tar and congealed blood from road side accident wounds. Alone or in combination with chlorhexidine, it is one of the most popular hospital antiseptic and disinfectant for surgical instruments, utensils, baths, etc.

6. SOAPS

Soaps are anionic detergents; weak antiseptics, affect only gram-positive bacteria. Their usefulness primarily resides in their cleansing action. Washing with soap and warm water is one of the most effective methods of preventing transmission of infection by removing/diluting pathogenic bacteria. Soaps can be medicated by other antiseptics.

7. ALCOHOLS

Ethanol 
It is an effective antiseptic and cleansing agent at 40–90% concentration. The rapidity of action increases with concentration upto 70% and decreases above 90%. It acts by precipitating bacterial proteins. A cotton swab soaked in 70% ethanol rubbed on the skin kills 90% bacteria in 2 min.; has been used before hypodermic injection and on minor cuts. Low concentrations enhance the antiseptic activity of iodine and chlorhexidine when used as solvent for these. It is an irritant and should not be applied to mucous membranes or to delicate skin (scrotum), ulcers, etc. On open wounds it produces a burning sensation, injures the surface and forms a coagulum under which bacteria could grow. It is a poor disinfectant for instruments and does not kill spores and promotes rusting.

Isopropanol: It is less volatile; can be used in place of ethanol.

8. ALDEHYDES

Formaldehyde 
It is a pungent gas—sometimes used for fumigation. A 37% aqueous solution called Formalin is diluted to 4% and used for hardening and preserving dead tissues. It denatures proteins and is a general protoplasmic poison, but acts slowly. A broad-spectrum germicide, but use as antiseptic is restricted by its irritating nature and pungent odour. It is occasionally employed to disinfect instruments and excreta. Those who handle formalin can develop eczematoid reactions. The urinary antiseptic methenamine acts by releasing formaldehyde in acidic urine. Formaline is also used to precipitate toxoids from toxins.

Glutaraldehyde 
It is less volatile, less pungent, less irritating and better sterilizing agent than formalin, but needs to be activated by alkalinization of the solution. It exerts broad-spectrum activity against bacteria, fungi and viruses. Organic used to disinfect surgical instruments and endoscopes, but prolonged contact is needed. Repeated application on skin can cause sensitization. The alkalinized solution has a short shelf life (2 weeks) unless stablilizing agents are added.

9. ACIDS

Boric acid
 It is only bacteriostatic and a very weak antiseptic. But being nonirritating even to delicate structures, saturated aqueous solutions (4%) have been used for irrigating eyes, mouthwash, douche, etc. Boroglycerine paint (30%) is used for stomatitis and glossitis. A 10% ointment (BOROCIDE) is available for cuts and abrasion. It is included in prickly heat powders and ear drops. However, boric acid is not innocuous; systemic absorption causes vomiting, abdominal pain, diarrhoea, visual disturbances and kidney damage. Hence its use for irrigating bladder, large wounds, as ointment on extensive burnt areas, liberal use of powder for infants is not recommended.

10. METALLIC SALTS

Silver compounds 
These are astringent and caustic. They react with SH, COOH, PO4 and NH2 groups of proteins.

(i) Silver nitrate rapidly kills microbes, action persisting for long periods because of slow release of Ag+ ions from silver proteinate formed by interaction with tissue proteins. Tissues get stained black due to deposition of reduced silver. Silver nitrate touch is used for hypertrophied tonsillitis and aphthous ulcers. It is highly active against gonococci—1% solution is used for ophthalmia neonatorum.

(ii) Silver sulfadiazine is highly active against Pseudomonas and has been used on burns.

Zinc salts They are astringent and mild antiseptics.

(i) Zinc sulfate: is highly water soluble, 0.1–1% is used for eyewash and in eye/ear drops (Zinc-boric acid drops— in ZINCO-SULFA 0.1% eye drop). Applied to skin, it decreases perspiration. White lotion containing 4% each of zinc sulfate and sulfurated potash has been used for acne and impetigo; (THIOSOL 2.5%, THIOSOL FORTE 4% lotion).

(ii) Calamine and zinc oxide: are insoluble. In addition to being mildly antiseptic, they are popular dermal protectives and adsorbants.

11. DYES

Gentian violet (crystal violet) 
A rosaniline dye active against staphylococci, other grampositive bacteria and fungi, but gram-negative organisms and mycobacteria are insensitive. Aqueous or alcoholic solution (0.5–1%) is used on furunculosis, bedsores, chronic ulcers, infected eczema, thrush, Vincent’s angina, ringworm, etc. It has become unpopular due to deep staining.

Acriflavine and Proflavine 
These are orange-yellow acridine dyes active against gram-positive bacteria and gonococci. Their efficacy is not reduced by organic matter and is enhanced in alkaline medium. Solutions lose efficacy on exposure to light—store in amber bottles. They are nonirritant and do not retard healing—particularly suitable for chronic ulcers and wounds. Bandage impregnated with acriflavine-vaseline is used for burn dressing;

12. FURAN DERIVATIVES

Nitrofurazone (Nitrofural) It is cidal to both gram-positive and negative, aerobic and anaerobic bacteria, even in high dilutions, but activity is reduced in the presence of serum.  It acts by inhibiting enzymes necessary for carbohydrate metabolism in bacteria. It is highly efficacious in burns and for skin grafting. Its local toxicity is negligible but sensitization occurs frequently.
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