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Abstract: Metronidazole is an important antimicrobial agent widely used in the treatment of bacterial and 

protozoal infections. It belongs to the nitroimidazole class of antibiotics and has demonstrated efficacy against 

anaerobic bacteria and certain protozoa. Its mechanism of action involves the generation of toxic radicals that 

disrupt DNA function, ultimately leading to cell death. Clinically, metronidazole is used to treat conditions such as 

bacterial vaginosis, trichomoniasis, amebiasis, and infections caused by Clostridium difficile. Additionally, it has 

applications in dental infections, gastrointestinal conditions, and certain dermatological disorders. The drug is 

available in various formulations, including oral, intravenous, and topical preparations, making it versatile in 

therapeutic settings. Despite its effectiveness, metronidazole is associated with side effects such as gastrointestinal 

disturbances, neurological symptoms, and potential carcinogenic effects in long-term use. Moreover, concerns 

regarding bacterial resistance have emerged, necessitating judicious use and adherence to treatment guidelines. 

This review explores the pharmacology, clinical applications, mechanisms of action, and emerging considerations 

related to metronidazole therapy. Through an in-depth analysis of its therapeutic scope, this paper aims to provide a 

comprehensive understanding of the drug’s significance in modern medicine. 
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I. INTRODUCTION 

Metronidazole is one of the most widely used antimicrobial agents, known for its effectiveness in treating anaerobic 

bacterial and protozoal infections. Discovered in the 1950s, it was initially used for the treatment of Trichomonas 

vaginalis infections before expanding to a broad spectrum of clinical applications. The drug is particularly valuable in 

treating infections where oxygen-independent bacterial species thrive, such as in the gastrointestinal tract, oral cavity, 

and female reproductive system.The importance of metronidazole in medical therapy is due to its ability to selectively 

target anaerobic microorganisms without affecting aerobic bacteria. This selectivity makes it useful for treating various 

infections, including those of the gastrointestinal tract, such as Helicobacter pylori-associated peptic ulcers, and severe 

cases of Clostridium difficile infections that can lead to life-threatening colitis. In addition, metronidazole is often 

prescribed in combination with other antibiotics to enhance its therapeutic efficacy, especially in polymicrobial 

infections.Beyond bacterial infections, metronidazole is also a first-line treatment for protozoal infections like 

amebiasis, giardiasis, and trichomoniasis1. This broad-spectrum application has made it a cornerstone in infectious 

disease management. The drug is available in multiple formulations, including oral tablets, intravenous infusions, and 

topical gels, which allow for tailored treatment approaches depending on the severity and location of the infection. 

Despite its widespread use, metronidazole is not without challenges. Adverse effects such as nausea, metallic taste, 

headache, and potential neurotoxicity in prolonged use necessitate cautious administration. Additionally, the emerging 

issue of resistance, particularly among Helicobacter pylori strains, has raised concerns about its long-term efficacy. 

Researchers continue to investigate alternative treatments and combination therapies to mitigate these challenges. 

This review delves into the pharmacological properties, therapeutic applications, mechanism of action, and potential 

future considerations surrounding metronidazole use in clinical practice. By understanding its role in modern medicine, 

healthcare professionals can make informed decisions to optimize treatment outcomes while minimizing risks 

associated with its use2. 
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Mechanism of Action  

Metronidazole exerts its antimicrobial effects through a unique mechanism that involves the reduction of its nitro group 

within anaerobic microorganisms. The process occurs as follows: 

Entry into the Cell: Metronidazole is passively diffused into bacterial or protozoal cells, where it remains in an 

inactive form. 

Activation by Reduction: Once inside the anaerobic cell, the drug undergoes enzymatic reduction by ferredoxin or 

other electron transport proteins, forming reactive nitrogen species. 

Formation of Cytotoxic Intermediates: The reduced metronidazole intermediates interact with cellular components, 

primarily targeting DNA. 

DNA Damage: The interaction with DNA results in strand breakage, disruption of replication, and inhibition of nucleic 

acid synthesis. 

Cell Death: The cumulative DNA damage and loss of cellular function lead to apoptosis or necrosis of the 

microorganism. 

This mechanism is highly effective against obligate anaerobes, as aerobic organisms lack the necessary enzymatic 

pathways to activate metronidazole. However, resistance can develop due to mutations in electron transport proteins, 

reducing the activation of the drug3,4. 

Metronidazole enters anaerobic microbial cell (passive diffusion) 

↓ 

Reduction of metronidazole by ferredoxin/electron transport proteins 

↓ 

Formation of cytotoxic nitroso radicals 

↓ 

Binding to microbial DNA 

↓ 

DNA strand breakage and inhibition of replication 

↓ 

Microbial cell death (apoptosis or necrosis) 

 

Pharmacokinetics 

Metronidazole exhibits favorable pharmacokinetic properties, making it highly effective for systemic infections. 

Absorption: Metronidazole is well absorbed after oral administration, with bioavailability exceeding 90%. Food has 

minimal effect on its absorption, allowing for flexible dosing schedules. 

Distribution: The drug is widely distributed in body tissues and fluids, including cerebrospinal fluid, saliva, and bile. It 

crosses the blood-brain barrier, making it effective for central nervous system infections. 

Metabolism: Metronidazole undergoes hepatic metabolism primarily via oxidation and glucuronidation. The primary 

metabolites include hydroxylated and acid derivatives, which retain some antimicrobial activity. 

Elimination: The drug is primarily eliminated through the urine (60-80%), with a smaller proportion excreted in feces. 

The elimination half-life is approximately 6-8 hours, requiring multiple daily doses for sustained therapeutic levels5,6. 
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Clinical Applications 

Anaerobic Bacterial Infections 

Metronidazole is highly effective against anaerobic bacteria such as 

species. 

It is widely used in treating intra-abdominal infections, deep

Protozoal Infections 

It remains the drug of choice for trichomoniasis, caused by 

It is also highly effective against Entamoeba histolytica

giardiasis7. 

Helicobacter pylori Eradication 

Metronidazole is a component of combination therapy for 

Clostridium difficile-Associated Diarrhea (CDAD)

It has been historically used for treating mild to moderate 

favor oral vancomycin8,9. 

Dental and Periodontal Infections 

Used as an adjunct to mechanical debridement in the management of periodontitis and other oral infections.

Bacterial Vaginosis and Pelvic Inflammatory Disease (PID)

Metronidazole is an important therapeutic agent for bacterial vaginosis caused by 

polymicrobial infections in PID. 

Surgical Prophylaxis 

It is often administered preoperatively to reduce the risk of postoperative anaerobic infections.

Skin and Soft Tissue Infections 

Used in certain necrotizing infections and infected wounds where anaerobic bacteria are involved

Emerging Applications 

Recent studies are exploring metronidazole

There is ongoing research on its use in treating certain dermatological conditions like rosacea.

Some evidence suggests a possible role in biofilm

Applications
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Fig 02- Clinical Applications 

Metronidazole is highly effective against anaerobic bacteria such as Clostridium, Bacteroides, and 

abdominal infections, deep-seated abscesses, and gynecological infections

It remains the drug of choice for trichomoniasis, caused by Trichomonas vaginalis. 

Entamoeba histolytica, responsible for amebiasis, and Giardia lamblia

Metronidazole is a component of combination therapy for Helicobacter pylori eradication in peptic ulcer disease.

Associated Diarrhea (CDAD) 

ing mild to moderate Clostridium difficile infections, though recent guidelines 

Used as an adjunct to mechanical debridement in the management of periodontitis and other oral infections.

Vaginosis and Pelvic Inflammatory Disease (PID) 

Metronidazole is an important therapeutic agent for bacterial vaginosis caused by Gardnerella vaginalis

o reduce the risk of postoperative anaerobic infections. 

Used in certain necrotizing infections and infected wounds where anaerobic bacteria are involved10,11

Recent studies are exploring metronidazole’s potential role in treating inflammatory conditions such as Crohn’s disease.

There is ongoing research on its use in treating certain dermatological conditions like rosacea. 

Some evidence suggests a possible role in biofilm-associated infections, such as chronic wounds12. 
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Adverse Effects and Limitations 

 While metronidazole is generally well-tolerated, it has some potential side effects, including nausea, metallic taste, 

dizziness, and gastrointestinal discomfort13. Prolonged use may lead to neuropathy. Alcohol should be avoided during 

therapy due to the disulfiram-like reaction. Emerging resistance among some bacterial species poses a challenge, 

necessitating careful prescription practices14,15. 

 

II. CONCLUSION 

Metronidazole remains a cornerstone antimicrobial agent with a wide therapeutic scope. Its efficacy against anaerobic 

bacteria and protozoa makes it invaluable in both infectious disease treatment and surgical prophylaxis. While 

resistance and side effects limit its long-term use in some cases, ongoing research continues to explore new 

applications. This review underscores the significance of metronidazole and its indispensable role in modern medicine. 
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