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METRONIDAZOLE (Flagyl) – IV, PO, topical 
 
Chapter 53:  Antiprotozoal Drugs.  In:  Katzung, BG, ed.  Basic and Clinical Pharmacology, 
11th edition, McGraw-Hill, New York, NY, 2007. 
 
Kasten MJ.  Clindamycin, metronidazole, and chloramphenicol.  Mayo Clinic Proceedings 
1999;74:825-33. 
 
Lofmark S, Edlund C, Nord CE.  Metronidazole Is Still the Drug of Choice for Treatment of 
Anaerobic Infections.  Clinical Infectious Diseases 2010;50:S16-23. 

 
 

Learning Objectives: 
 
1. Describe the mechanism of action and mechanisms of resistance of metronidazole. 
2. List the spectrum of activity of metronidazole, with special emphasis on their activity 

against anaerobes and Clostridium difficile.  
3.  List the major clinical uses of metronidazole. 
4. List the major adverse effects associated with metronidazole therapy.   
5. List the major drug interactions associated with metronidazole therapy. 
 
Drugs Covered in this Lecture: 
 
Metronidazole 
 
 
I. INTRODUCTION 
 

Metronidazole is a synthetic nitroimidazole antibiotic originally recognized to display potent 
activity against certain protozoa including Trichomonas, Giardia, and Entamoeba.  Studies 
conducted over a decade later revealed that metronidazole had extremely useful clinical 
activity against a wide variety of gram-positive and gram-negative anaerobic pathogens.  
Metronidazole is now considered one of the most useful agents in the treatment of anaerobic 
and polymicrobial infections in the US. 
     

II. CHEMISTRY 
 

A. Metronidazole was derived from azomycin by chemical synthesis and biological 
testing.  Its chemical name is 1-(-hydroxyethyl)-2-methyl-5-nitroimidazole.  
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With permission from: Katzung’s Basic and Clinical Pharmacology, 10th edition, 2007, page 857 
 
III. MECHANISM OF ACTION 
  

A. Metronidazole is a prodrug that is activated by a reductive process.  Its selective 
toxicity towards anaerobic and microaerophilic bacteria is due to the presence of 
electron transport components such as ferredoxins within these bacteria.  Ferredoxins 
are small Fe-S proteins that donate electrons to metronidazole to form a highly 
reactive nitro radical anion. 

 
B. These short-lived activated metabolites damage bacterial DNA (inhibit nucleic acid 

synthesis), and subsequently cause cell death – metronidazole is rapidly bactericidal 
in a concentration-dependent manner.  

 
C. Metronidazole is catalytically recycled when loss of the electron from the active 

metabolite regenerates the parent compound.  
 

D. Increased levels of oxygen inhibit metronidazole-induced cytotoxicity since oxygen 
competes with metronidazole for generated electrons.   

IV. MECHANISM OF RESISTANCE 
 

A. Clinical resistance to metronidazole is well documented for Trichomonas, Giardia, 
and a variety of anaerobic bacteria, but is relatively uncommon.     

 
1. Altered growth requirements – organism grows in higher local oxygen 

concentrations causing decreased activation of metronidazole and futile 
recycling of the active drug 

 
2. Altered levels of ferredoxin – reduced transcription of the ferredoxin gene 
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V. SPECTRUM OF ACTIVITY 
 

A. Metronidazole is extremely active against a wide variety of anaerobic protozoal 
parasites and anaerobic bacteria.  It is the antianaerobic agent most reliably active 
against Bacteroides fragilis. 

 
B. Gram-negative anaerobes – highly active against cocci and bacilli 
 
 Bacteroides fragilis 
 Bacteroides distasonis, ovatus, thetaiotamicron, bivius 
 Fusobacterium  
 Prevotella spp. 
 Helicobacter pylori (an obligate anaerobe) 
 
C. Gram-positive anaerobes – active against cocci (variably) and sporulating bacilli  
  

  Clostridium spp. (including Clostridium difficile) 
   

C. Other organisms 
 

Trichomonas vaginalis 
Entamoeba histolytica 
Giardia lamblia 
Gardnerella vaginalis 

 
E. Metronidazole is inactive against all common aerobic and facultatively anaerobic 

bacteria. 
 
 
 
 
 
VI. PHARMACOLOGY 
 

A. Absorption 
 

1. Metronidazole is rapidly and almost completely absorbed after oral 
administration, achieving peak concentrations within 0.25 to 3 hours after 
administration. 

 
2. Food does not affect the absorption of metronidazole, but may delay the 

Tmax. 
 
3. Serum concentrations are similar after equivalent intravenous and oral 

doses.  Rectal absorption is adequate but delayed, and vaginal absorption is 
minimal. 
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B. Distribution 

 
1. Metronidazole is well distributed into body tissues and fluids, including 

vaginal secretions, seminal fluids, saliva, and breast milk.  Repeated dosing 
results in some accumulation of the drug. 

 
1. Metronidazole DOES penetrate into the CSF and brain tissue achieving 

50 to 100% of simultaneous serum concentrations in the CSF depending on 
the degree of meningeal inflammation.   

 
C. Metabolism/Elimination 

 
1. Metronidazole is metabolized by the liver to several active metabolites.  

Metabolism accounts for over 50% of the systemic clearance of 
metronidazole.  

 
2. Metronidazole and its metabolites are primarily excreted in the urine; only 

10% is recovered as unchanged drug in the urine; 6-15% of a dose is excreted 
in the feces. 

 
2. The elimination half-life in normal renal and hepatic function is 6 to 8 hours 

for the parent drug, and 12 to 15 hours for some metabolites.  The half-life is 
prolonged in the presence of renal or hepatic dysfunction, so that dosage 
adjustments are required. 

 
3. Metronidazole is removed during hemodialysis. 

 
 
 
 
 
VII. CLINICAL USES, DOSAGES, AND ADMINISTRATION – available orally as 250mg 

and 500 mg tablets; 500 mg for parenteral use; intravaginal gel  
 

A. Infections due to anaerobes (including serious infections) such as skin and soft 
tissue infections, bone and joint infections, intraabdominal and pelvic infections or 
abscesses, brain abscesses, diabetic foot infections, etc.  Many serious anaerobic 
infections are polymicrobial, and additional agents are necessary for coverage of other 
causative organisms (aerobes).  

 
1. Oral: 250 mg to 500 mg every 6 to 8 hours 

 
2. Parenteral:  typical adult dose is 500 mg every 6 hours; maximum dose is 4 

grams daily 
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B. Pseudomembranous colitis due to Clostridium difficile – DRUG OF CHOICE 
 

1. Oral metronidazole is the drug of choice for mild to moderate C. difficile 
colitis  

2. Oral or parenteral therapy may be used: 250 mg to 500 mg every 6 to 12 
hours 

 
C. Bacterial vaginosis due to Gardnerella vaginalis – oral (500 mg twice daily for 7 

days) or intravaginal therapy (5 g twice daily for 5 days) 
 

D. Trichomonas vaginalis – 2 grams orally as a single dose; 500 mg PO twice daily for 
5 days; 250 mg PO every 8 hours for 7 days 

 
E. Amebiasis (intestinal or extraintestinal) – 750 mg PO or IV every 8  hours for 10 

days 
 

F. Other: H. pylori (in combination with other medications 250 mg to 500 mg PO 
every 8 hours); Crohn’s diseases (intestinal bacterial overgrowth); acne rosacea; 
gingivitis  

 
VIII. ADVERSE EFFECTS 
 

A. MOST COMMON = Gastrointestinal – nausea, diarrhea, anorexia, metallic taste, 
stomatitis, pancreatitis 

 
B. Central nervous system – most serious; rare unless large doses are utilized or therapy 

is prolonged 
 

1. peripheral neuropathy (with prolonged therapy), seizures, encephalopathy, 
cerebellar dysfunction 

  
2. Use with caution in patient with CNS disorders 
 
3. If neurologic symptoms develop, the drug should be discontinued immediately  

 
C. Other: reversible neutropenia, dark brown urine, local vaginal reactions 
 
D. Mutagenicity and Carcinogenicity 

 
1. Metronidazole may be teratogenic – should be avoided during the first 

trimester and during breastfeeding 
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IX. DRUG INTERACTIONS  
 
  Drug    Interaction 
  
  Warfarin   Increased anticoagulant effect 
  Alcohol   Disulfiram reaction 
  Phenytoin   Increased phenytoin concentrations 
  Lithium   Increased lithium concentrations 
  Phenobarbital   Decreased metronidazole concentrations 
  Rifampin   Decreased metronidazole concentrations 
   


