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1. Name of Drug used in Treatment of Urinary Tract Infection(UTI) that causes brown coloration of urine- Metronidazole 

2. Antibacterial Activity of Metronidazole-
The nitroimidazole antibiotic metronidazole has a limited spectrum of activity that encompasses various protozoans and most Gram-negative and Gram-positive anaerobic bacteria. Metronidazole has activity against protozoans like Entamoeba histolytica, Giardia lamblia and Trichomonas vaginalis, for which the drug was first approved as an effective treatment. Anaerobic bacteria which are typically sensitive are primarily Gram-negative anaerobes belonging to the Bacteroides and Fusobacterium spp. Gram-positive anaerobes such as peptostreptococci and Clostridia spp. are likely to test sensitive to metronidazole, but resistant isolates are probably encountered with greater frequency than with the Gram-negative anaerobes. Gardnerella vaginalis is a pleomorphic Gram-variable bacterial bacillus that is also susceptible to metronidazole. Helicobacter pylori has been strongly associated with gastritis and duodenal ulcers. Classic regimens for eradicating this pathogen have included metronidazole, usually with acid suppression medication plus bismuth and amoxicillin. The activity of metronidazole against anaerobic bowel flora has been used for prophylaxis and treatment of patients with Crohn's disease who might develop an infectious complication. Treatment of Clostridium difficile-induced pseudomembraneous colitis has usually been with oral metronidazole or vancomycin, but the lower cost and similar efficacy of metronidazole, coupled with the increased concern about imprudent use of vancomycin leading to increased resistance in enterococci, have made metronidazole the preferred agent here. Metronidazole has played an important role in anaerobic-related infections. Advantages to using metronidazole are the percentage of sensitive Gram-negative anaerobes, its availability as oral and intravenous dosage forms, its rapid bacterial killing, its good tissue penetration, its considerably lower chance of inducing C. difficile colitis, and expense. Metronidazole has notable effectiveness in treating anaerobic brain abscesses. Metronidazole is a cost-effective agent due to its low acquisition cost, its pharmacokinetics and pharmacodynamics, an acceptable adverse effect profile, and its undiminished antimicrobial activity. While its role as part of a therapeutic regimen for treating mixed aerobic/anaerobic infections has been reduced by newer, more expensive combination therapies, these new combinations have not been shown to have any therapeutic advantage over metronidazole. Although the use of metronidazole on a global scale has been curtailed by newer agents for various infections, metronidazole still has a role for these and other therapeutic uses. Many clinicians still consider metronidazole to be the 'gold standard' antibiotic against which all other antibiotics with anaerobic activity should be compare.

3. Mechanism of Action of Metronidazole- Mechanism of Action

Metronidazole diffuses into the organism, inhibits protein synthesis by interacting with DNA and causing a loss of helical DNA structure and strand breakage. Therefore, it causes cell death in susceptible organisms.

The mechanism of action of metronidazole occurs through a four-step process. Step one is the entry into the organism by diffusion across the cell membranes of anaerobic and aerobic pathogens. However, antimicrobial effects are limited to anaerobes.[7] Step two involves reductive activation by intracellular transport proteins by altering the chemical structure of pyruvate-ferredoxin oxidoreductase. The reduction of metronidazole creates a concentration gradient in the cell that drives uptake of more drug and promotes free radical formation that is cytotoxic.[8] Step three, interactions with intracellular targets, is achieved by cytotoxic particles interacting with host cell DNA resulting in DNA strand breakage and fatal destabilization of the DNA helix.[9] Step four is the breakdown of cytotoxic products. Metronidazole is also cytotoxic to facultatively anaerobic bacteria like Helicobacter pylori and Gardnerella vaginalis, but the mechanism of action to these pathogens is not well understood.

4. Pharmacokinetics of Metronidazole- 
The clinical pharmacokinetics of metronidazole following oral, intravenous, rectal, and intravaginal doses are described. Peak serum concentrations are quite similar after oral or intravenous administration and average approximately 10 μg/ml after a single 500mg dose. After an oral dose the peak serum concentration is reached approximately 1 hour after administration. Food does not significantly affect absorption, and the bioavailability of the dose approaches 100%. For both intravenous and oral administration, a linear doseconcentration curve pertained for usual therapeutic doses between 200 and 2000mg.

Multiple oral or intravenous doses given every 6 to 8 hours result in some drug accumulation with higher serum concentrations as compared with single doses. On an intravenous dose regimen of 500mg every 8 hours, maximum metronidazole serum concentrations average 25 μg/ml and minimum concentrations 15 μg/ml. Rectal administration of metronidazole by suppository resulted in peak serum concentrations approximately one-half those following equivalent oral doses and occurred at 4 hours after administration; the bioavailability of the rectal suppository was approximately 80%. From the limited data available, the systemic absorption of intravaginal metronidazole is very slow with peak serum concentrations of approximately 2 μg/ml being attained 8 to 24 hours after administration of a 500mg dose.

Metronidazole is excreted in the urine as unchanged drug and primarily oxidative metabolites, the major compounds being the hydroxy and acid metabolites. The degree of urinary excretion is dependent upon the assay used. By bioassay, 15 to 20% of the administered dose is excreted as bioactive drug. By high pressure liquid chromatography, in which unchanged metronidazole and the hydroxy and acid metabolites are measured separately, total excretion of these compounds after 48 hours is approximately 30%, with the hydroxy metabolite being the primary excretory product.

Detailed pharmacokinetic analysis of metronidazole has been performed using 1-compartment and 2-compartment open models. The serum half-life of unchanged metronidazole averaged 8.2 hours, as determined by specific chemical methods, whereas using bioassay methods the half-life was somewhat longer. A 2-compartment open model analysis described the serum concentration-time curve with a rapid α (distribution) phase (half-life 1.24 hours) and a slower β (elimination) phase (half-life 9.76 hours). Metronidazole has a large apparent volume of distribution and serum protein binding of 20% or less. In multiple-dose regimens the hydroxy metabolite of metronidazole may be present in concentrations up to 30% of those of the parent drug with a half-life of 9.7 hours. The acid metabolite is rarely detected in serum. Metronidazole is widely distributed throughout the body with tissue levels, in most cases, approximating serum levels. This is especially important in the central nervous system where the drug readily crosses both the blood-brain and blood-cerebrospinal fluid barriers.

The pharmacokinetics of metronidazole do not appear to differ significantly in neonates, patients seriously ill with anaerobic infections, or during pregnancy. However, dose modification is necessary in neonates because of the slower elimination of the drug. In patients with renal failure, although the serum half-life of metronidazole does not change, the half-life of the hydroxy metabolite increases 4-fold and accumulates in the serum. Haemodialysis effectively removes metronidazole and, to a lesser extent, the hydroxy metabolite, reducing the half-life of the former to 2.6 hours and the latter to 7.8 hours. and diarrhoea, a reversible leucocytopenia, and various neurological toxicities (the latter generally associated with large doses over a prolonged period). Potentially serious toxicities including tumourigenicity, dysmorphogenicity, and mutagenicity inferred from certain animal models and bacterial test systems have not been confirmed in humans.

The pharmacokinetic properties of metronidazole complement its excellent microbiological activity against anaerobic organisms, making it a very effective drug in the treatment of anaerobic infections.

5. Adverse Effects of Metronidazole- Along with its needed effects, metronidazole may cause some unwanted effects. Although not all of these side effects may occur, if they do occur they may need medical attention.

Check with your doctor immediately if any of the following side effects occur while taking metronidazole.
More common:
-Agitation

-back pain

--blindness

-blurred vision

-burning, numbness, tingling, or painful sensations in the hands or feet

-changes in speech patterns

-confusion

-decreased vision

-depression

-dizziness

-drowsiness

-eye pain

-fever

-headache

-irritability

-lack of coordination

-nausea

-seeing or hearing things that are not there

-seizures

-shakiness and unsteady walk

-slurred speech

-stiff neck or back

-trouble speaking

-unsteadiness, trembling, or other problems with muscle control or coordination

-unusual tiredness or weakness

-vomiting

-weakness in the arms, hands, legs, or feet

Less common

-Black, tarry stools

-blood in the urine

-body aches or pain

-chills

-clumsiness or unsteadiness

-difficulty with breathing

-ear congestion

-feeling of pelvic pressure

-frequent or painful urination

-loss of voice

-nasal congestion

-pinpoint red spots on the skin

-runny nose

-skin rash, hives, redness, itching

-sneezing

-stomach and back pain (severe)

-unusual bleeding or bruising

-vaginal irritation, discharge, or dryness not present before taking the medicine

Rare

-Bleeding gums

-bloating

-chest pain

-constipation

-cough

-dark urine

-fast heartbeat

-indigestion

-loss of appetite

-painful or difficult urination

-pains in the stomach, side, or abdomen, possibly radiating to the back

-sore throat

-sores, ulcers, or white spots on the lips or in the mouth

-swollen glands

-yellow eyes or skin

-Incidence not known

-Blistering, peeling, or loosening of the skin

-bloody or cloudy urine

-burning while urinating

-continuing diarrhea

-continuing stomach pain

-diarrhea

-feeling of warmth

-increased volume of pale, dilute urine

-joint or muscle pain

-loss of bladder control

-red skin lesions, often with a purple center

-red, irritated eyes

-redness of the face, neck, arms, and occasionally, upper chest

-redness of the skin

Some side effects of metronidazole may occur that usually do not need medical attention. These side effects may go away during treatment as your body adjusts to the medicine. Also, your health care professional may be able to tell you about ways to prevent or reduce some of these side effects. Check with your health care professional if any of the following side effects continue or are bothersome or if you have any questions about them:

More common

-Dizziness or lightheadedness

-feeling of constant movement of self or surroundings

-heartburn

-sensation of spinning

-stomach cramps

-trouble sleeping

-weight loss

Rare

-Change in taste sensation

-congestion

-dry mouth

-pain or tenderness around the eyes and cheekbones

-tender, swollen glands in the neck

-trouble with swallowing

-unpleasant or sharp metallic taste

-voice changes

-Incidence not known

-Decreased interest in sexual intercourse

-inability to have or keep an erection

-loss in sexual ability, desire, drive, or performance

-painful sexual intercourse

For Healthcare Professionals

Applies to metronidazole: compounding powder, intravenous powder for injection, intravenous solution, oral capsule, oral suspension, oral tablet, oral tablet extended release

General

The most serious side effects reported were convulsive seizures, encephalopathy, aseptic meningitis, optic neuropathy, and peripheral neuropathy (characterized by numbness/paresthesia of an extremity).[Ref]

Nervous system

Very common (10% or more): Headache (up to 18%)

Common (1% to 10%): Dysgeusia/taste perversion (e.g., metallic taste, sharp unpleasant metallic taste, taste of alcoholic beverages modified), dizziness

Rare (0.01% to 0.1%): Encephalopathy (e.g., confusion, fever, headache, hallucinations, paralysis, light sensitivity, disturbances in sight and movement, stiff neck), aseptic meningitis, seizure, somnolence, peripheral neuropathy, ataxia

Very rare (less than 0.01%): Subacute cerebellar syndrome (e.g., ataxia, dysarthria, gait impaired, nystagmus, tremor), drowsiness, convulsions, incoordination

Frequency not reported: Dysarthria, hypoesthesia, paresthesia, peripheral sensory neuropathy, transient epileptiform seizures, hearing impaired/hearing loss (including sensorineural), tinnitus, taste disorders/unpleasant taste in mouth, nystagmus, convulsive seizure, numbness, syncope, vertigo, paralysis[Ref]

Gastrointestinal

Very common (10% or more): Nausea (up to 10%)

Common (1% to 10%): Abdominal pain, diarrhea, dry mouth, stomatitis, glossitis

Rare (0.01% to 0.1%): Pancreatitis, upper abdominal pain/epigastralgia, vomiting

Frequency not reported: Constipation, tongue discoloration, oral mucositis, furry/furred tongue, gastrointestinal disturbances (e.g., epigastric pain/distress), proctitis, sudden overgrowth of Candida in mouth, abdominal cramping, dyspepsia, pseudomembranous colitis, mucositis[Ref]

Genitourinary

Very common (10% or more): Vaginitis (up to 15%)

Common (1% to 10%): Genital pruritus, abnormal urine, dysmenorrhea, moniliasis, urinary tract infection

Rare (0.01% to 0.1%): Chromaturia

Very rare (less than 0.01%): Darkened urine

Frequency not reported: Vaginal dryness, vulva dryness, dysuria, vaginal candidiasis, dyspareunia, polyuria, incontinence, cystitis, pyuria, proliferation of Candida in vagina[Ref]

Other

Common (1% to 10%): Bacterial infection, influenza-like symptoms

Uncommon (0.1% to 1%): Asthenia

Rare (0.01% to 0.1%): Mucosal inflammation, pyrexia/fever

Very rare (less than 0.01%): Flushing

Frequency not reported: Malaise, face edema, peripheral edema, chest pain, chills, overgrowth of Candida, disulfiram-like reaction, weakness, sensation of pelvic pressure[Ref]

Respiratory

Common (1% to 10%): Upper respiratory tract infection, rhinitis, sinusitis, pharyngitis

Frequency not reported: Dyspnea, nasal congestion, hiccup[Ref]

Musculoskeletal

Common (1% to 10%): Myalgia

Very rare (less than 0.01%): Arthralgia

Frequency not reported: Muscle spasms, fleeting joint pain, stiff neck[Ref]

Hematologic

Uncommon (0.1% to 1%): Leukopenia

Rare (0.01% to 0.1%): Neutropenia, thrombocytopenia, pancytopenia, agranulocytosis

Frequency not reported: Eosinophilia, bone marrow aplasia, bone marrow depression, blood dyscrasia[Ref]

Dermatologic

Rare (0.01% to 0.1%): Stevens-Johnson syndrome, toxic epidermal necrolysis, angioedema, erythema multiforme

Very rare (less than 0.01%): Skin rash, pustular eruptions, acute generalized exanthematous pustulosis, pruritus

Frequency not reported: Fixed drug eruption, swelling face, urticaria, hyperhidrosis, erythema, drug reaction with eosinophilia and systemic symptoms (DRESS), erythematosus rash, mild erythematous eruptions, pustulosis[Ref]

Hepatic

Rare (0.01% to 0.1%): Cholestatic hepatitis

Very rare (less than 0.01%): Increased liver enzymes (AST, ALT, alkaline phosphatase), cholestatic/mixed hepatitis, hepatocellular liver injury, jaundice, liver failure requiring liver transplant, abnormal liver function tests

Frequency not reported: Increased liver enzyme, hepatotoxicity/liver failure in patients with Cockayne syndrome, drug-induced hepatitis[Ref]

Hypersensitivity

Rare (0.01% to 0.1%): Anaphylaxis, anaphylactic shock, Jarisch-Herxheimer reaction

Frequency not reported: Serum sickness-like reaction, immediate/delayed hypersensitivity reactions, anaphylactic reaction, hypersensitivity

Psychiatric

Rare (0.01% to 0.1%): Hallucinations

Very rare (less than 0.01%): Confusion/confusional state, psychotic disorders

Frequency not reported: Depression, insomnia, depressed mood, decreased libido, irritability, psychosis, disorientation, psychotic reaction[Ref]

Ocular

Rare (0.01% to 0.1%): Optic neuropathy, diplopia, myopia

Very rare (less than 0.01%): Vision disorders (e.g., diplopia, myopia)

Frequency not reported: Optic neuropathy/neuritis, saccadic eye movement, blurred vision, decreased visual acuity, changed color vision, light sensitivity[Ref]

Cardiovascular

Frequency not reported: Flattening of T-wave on ECG, tachycardia, palpitations, QT interval prolonged on ECG[Ref]

Metabolic

Frequency not reported: Anorexia, decreased appetite[Ref]

Oncologic

An increased incidence of gastrointestinal and certain extraintestinal cancers have been reported in patients with Crohn's disease. Breast and colon cancer have been reported in medical literature in Crohn's disease patient treated with high doses of this drug for a prolonged duration; causality was not established.[Ref]

Frequency not reported: Breast cancer, colon cancer, gastrointestinal cancer, certain extraintestinal cancers[Ref]

Local

Frequency not reported: Injection site reaction, thrombophlebitis[Ref]

