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 ANTIMYCOBACTERIALS 

Isoniazid, Ethambutol, Rifampin, Pyrazinamide, Streptomycin 
 

I  Principles of anti-tuberculous therapy 
A. Multiple drugs which organisms are susceptible 
B. Drugs must be taken regularly 
C. Drug therapy must continue for a sufficient period of time 

i.  
II. ISONIAZID, ISONICOTINIC ACID HYDRAZIDE, INH 
 
 A. Clinical use - never alone for active infection 

1. First line drug for active pulmonary TB 
   2. Always used in combination with other Anti-TB drug 

 3.. Treatment for latent infection  
 
 B. Mechanism of action  

1.    Isoniazid is a prodrug  
2.     active form inhibits the synthesis of mycolic acid in the mycobacterial cell   
wall 
3.   drug must be activated by catalase peroxidase which is regulated by the katG 
gene  
4.  Bactericidal on actively replicating organisms 
5.   Bacteriostatic on “resting organisms” 
6.   Active against M. kansasii but not other non-tuberculous mycobacteria 
7.   Active against intracellular and extracellular organisms 

  
C.        Resistance  

1. Many mutations in katG gene result in inactivation of catalase-peroxidase  
2.  Mutation in regulatory region of inhA gene which is involved in mycolic acid 
synthesis 

a.Also results in resistance to ethionamide (cross resistance)  
 
 C. Pharmacokinetics 
  1. Reduce dosage by half in severe hepatic insufficiency 

2.          Metabolism - acetylation in liver by N-acetyltransferase  
a. Non-acetylated INH is excreted in urine 
b. Rate of acetylation in humans is genetically controlled- 

 rapid or slow acetylators 
 Slow acetylators 6 hours after a 4mg/kg dose plasma INH 

level more than 0.8 µg/ml and 
 Rapid acetylators  INH level less than 0.2 µg/ml 
 Acetylator status has no effect on the outcome of daily 

therapy because the plasma levels are maintained well 
above inhibitory concentrations  
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5. Distribution wide including CSF, CSF levels 20% plasma levels but may 
equal plasma in meningeal inflammation.  
 

D. Toxicity 
 

1. Hepatotoxicity-  Asymptomatic elevation of transaminases seen 
within the first month of therapy in 10-20% of reciepients  

a.Rate of clinical symptomatic hepatitis patients given INH alone 
0.6% 
 b. Occurs after weeks to months of therapy  
 c.  Hepatotoxicity correlated with age older more likely to occur 
 d.  Increased in alcoholics, preexisting liver damage, pregnant 

women, women up to 3 months post-partum, in combination with 
acetaminophen, patients receiving other hepatotoxic drugs such as 
rifampin, patients with active Hepatitis B,  

2. Neurotoxicity 
a. Peripheral neuritis more frequent in slow acetylators who have 

higher plasma levels of unaltered drug  
b. Use pyridoxine to prevent neuritis 

 
3.    Hypersensitivity reaction- fever, maculopapular rash 

  lupus like syndrome,  positive ANA, 
 

E. Significant Drug Interactions  
1. Dilantin toxicity,   
2. INH and rifampin increases occurrence of hepatitis  
3.  Decreases itraconazole 
4.  Decreases levodopa  

 
III. RIFAMPIN, RIFAMPICIN - semisynthetic derivative of a complex macrocyclic 

antibiotic rifamycin B produced by Streptomyces mediterranei. 
 Rifabutin and rifapentine same class different pharmacokinetics 
 
 A. Clinical use 
 
  1. First line drug for TB always in combination with other drugs 
  2. Gram positive organisms, Staph aureus always in combination 
 
 B. N. meningitidis, prophylaxis meningococcal meningitis 
   

1. Cannot be used alone in therapy as an antibacterial agent because of rapid 
development of resistance. 

 
 C. Mechanisms of action and resistance 
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1. Inhibits DNA dependent RNA polymerase  
2.    rpoB gene produces RNA polymerase ß subunit 
2. rpoB mutations lead to rifampin resistance 

a. Frequency 108  
b. RNA polymerase can no longer bind the drug 

3. Bactericidal to all population of organisms 
 

D. Pharmacokinetics 
1.   Metabolized in the liver  

   2. Meningococcal meningitis chemoprophylaxis  
  3. Distribution penetrates well into most tissues, CSF levels 0.5 µg normal 
meninges, 4-8 x increase inflamed meninges 

 
 E. Toxicity 
 

1. Most common- GI upset 
2. Hepatotoxicity enhanced with use of other hepatotoxic drugs including 

INH 
3. Red discoloration urine, tears, pleural fluid- permanent discoloration of 

soft contacts 
4. Acute renal failure, interstitial nephritis 
5. Influenza syndrome- more common with intermittent dosing 
6. Thrombocytopenia 
7. Cholestatic jaundice 

 
 F. Drug interactions 
 

1. Induces hepatic microsomal enzymes reacts with 100 drugs. 
2. Accelerates clearance of: methadone, coumadin derivatives, 

glucocorticoids, estrogen, oral hypoglycemic agents, digitoxin, anti-
arrhythmic agents (quinidine, verapamil, mexiletine), theophylline 
anticonvulsants, ketoconazole, cyclosporin, protease inhibitors, and 
non-nucleoside reverse transcriptase inhibitors 

3. Impairs effectiveness of oral contraceptives. 
4.         should not be used with protease inhibitors and non-nucleoside reverse 

transcriptase inhibitors because it induces metabolism of the drug 
 
IV. ETHAMBUTOL - active only against mycobacteria 
 

A. Clinical use –  
a. first line tuberculosis therapy 
b. always used in combination with other anti-TB drugs 
c. Used to inhibit the development of resistance to other agents 

 
  



Pharmacology & Therapeutics  Antimycobaterials 
November 21, 2013  C. Pachucki, M.D. 

 4

B. Mechanism of action 
 

1. inhibits synthesis mycobacterial arabinosyl transferase encoded by embB  
2.          Effects biosynthesis within cell wall 
3.     Bacteriostatic 

 
 
 
C. Pharmacokinetics 

 
1. Reduce dose in renal failure 
2. Distributed throughout the body. Cerebrospinal levels low even in 

inflamed meninges. 
 
 D. Toxicity 
 

1. Ocular - retrobulbar neuritis- symptoms: blurred vision, central scotomata, 
red-green color blindness, dose related, < 1% 

2. Don’t use in children who are too young for assessment of visual acuity 
and color blindness 

  3. Peripheral neuropathy less common 
 
V. PYRAZINAMIDE   
 
 A. Clinical use 
 

1. Antituberculous therapy first line for initial therapy, always in 
combination 

B. Mechanism of action and resistance 
1. Bactericidal 
2. Mutation in gene pncA encoding pyrazinamidase  
3.         Results in loss of pyrazinamidase  

Which converts drug  to active form of pyrazinoic acid  
  

C. Pharmacokinetics 
1. Best avoided in renal failure because metabolic products excreted largely 

in urine 
2. Distribution good, CSF in tuberculous meningitis 

 D. Toxicity 
 
  1. Hepatitis, worse in patients with preexisting liver disease 
  2. Skin rash and gastrointestinal intolerance 
  3. Arthralgia, increased serum uric acid levels, but acute gout is uncommon 
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E.         Drug interactions 

 
1. Cyclosporine 
2. Ethionamide 
3. Rifampin 
4. Zidovudine 

 
 
VI. STREPTOMYCIN - used as an antituberculous agent, first line agent bactericidal for 

extracellular organisms 
 

A. Clinical use: second  line antituberculous agent  
 

B. Mechanism of action and resistance 
 

1. Bactericidal 
2. Inhibits protein synthesis by binding to ribosome 
3.         Resistance mutational changes ribosomal binding protein or ribosomal 
binding site 
4.       Isolates resistant to streptomycin are not cross resistant to amikacin, 
kanamycin or capreomycin  
 

 
C. Pharmacokinetics 

 
1. Excretion renal- use in reduced dose in renal failure 
2. Enters CSF only in the presence of meningeal inflammation 

 
D. Toxicity 

 
1. Ototoxicity 
2. Nephrotoxicity 

 
VII. Treatment Regimens  
 

A.  Initial phase: standard four drug regimens (INH, RIF, PZA, EMB), for 2 months 
B. Followed by 2 drugs for 4-6 months 
C. Use of single drug will result in development of antimicrobial resistance 

 
VIII. Types of antimicrobial resistance 
 

A. Primary resistance 
1. Organism is resistant to the antimicrobial at the time that the patient acquires 
the organism 
2. Wild strains of Mycobacterium tuberculosis have intrinsic resistance to the 
antituberculous drugs. 
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  3. One organism in 106 is resistant to INH.. 
 

B. Secondary resistance 
1. Develops in patients who have been treated.  
2.     Develops in patients who are taking only one drug or taking meds erratically  
3. Rationale for treatment with multiple anti-tuberculous drugs 

a. Cavitary lesions contain 107 –109 organism 
b. In a population of M. TB 1 organism in 106 may mutate by chance and 

become reisistant to anti-tb drug 
c. If only one anti-tb med is taken then all sensitive organisms will be 

killed but 101-103  resistant organisms  will survive and grow  
d. Chance mutation to two drugs is 106  X 106  = 10 12    
e. There are only 10 7  - 109   organisms in a cavitary lesion 

4. May also develop in patients with HIV infection  
5. Or patients who have poor absorption of meds 

 
 C. Cross resistance 

1. Cross resistance- presence of resistance to one drug is accompanied by 
resistance to another anti-TB med. 

Example  viomycin and capreomycin (second line agents) are cross 
resistant  
2. Some INH resistant mutants are also resistant to ethionamide  

 
D. Multi-drug resistance 

1. MDR TB- resistant to both INH and rifampin  
2.  More common in HIV infected patients 
3.  Associated with nosocomial transmission and a high mortality in HIV infected 
patients 
 

E.       Extensive Drug Resistant (XDR)  TB 
1. Resistant to all of the following: 

 Both INH and Rifampin,  
 Resistant to any fluoroquinolone and   
 Resistant to at least one of the 3 injectable second-line drugs- 
Streptomycin, Capreomycin, kanamycin, amikacin  

 IX. Treatment outcomes 
1. Must take meds  
2. Outcome of not taking meds is relapse 
3. Directly observed therapy ensures  
 
 

 X. Treatment of Latent Infection 
  1.        single drug isoniazid  

   2.     a single drug may be administered  because the number of organisms in the      
                       body is low 
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XI.Treatment of non-tuberculous infections. 

1. Mycobacterium avium-intracellular infections  
a. Resistant to all first line agents 
b. Treat with combinations of ethambutol, clarithromycin, clofazamine, 

rifabutin 
2. Mycobacterium kansasii 

a. Rifampin, ethambutol and isoniazid for 18 months.   
    

XII.      Dapsone  
 

A. Clinical use 
i. Leprosy 

ii. Second line TB 
iii. Treatment of pneumocystis jiroveci(PJP) pneumonia in combination with 

trimethoprim 
iv. Prophylaxis for PJP 

 
 

B. Pharmacology 
1. Distributed throughout the body 
2. Reduce dose in renal failure 
 

C. Toxicity 
1. Minor hemolysis in patients with G6PD deficiency 
2. Anorexia, nausea, vomiting 
3. Hematuria, fever, pruritis  
4. Sulfone syndrome 
5. Erythema nodosum leprosum  
 

XIII  Clofazamine 
 

A. Clinical use 
a.  Lepprosy 
b.  multidrug resistant TB,  
c. M. avium intracellulare infections 

  
B.   Mechanism of action  

1. Weakly bactericidal 
 

D. Toxicity 
1. GI intolerance 
2. Skin pigmentation 
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XV LIST OF DRUGS COVERED IN LECTURE 
 
 Isoniazid, Isonicotinic Acid Hydrazide, INH 
 Rifampin, Rifampicin 
 Ethambutol 
 Pyrazinamide 
 Streptomycin 
 Dapsone 
Clofazamine 
  


