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Introduction

• Side effects profile

• Mechanisms

• Future research



PZA toxicity

• Adverse events:
• Livertoxicity
• Gastro-intestinal: anorexia, nausea and vomiting
• Arthralgia
• Hypersensitivity reactions: urticaria, pruritis, skin 
rashes, photosensitization, sideroblastic anemia
• Effects on blood clotting mechanism or vascular 
integrity ?
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[Toxic reactions during treatment with pyrazinamide in pulmonary tuberculosis]

[Article in Polish]

Radecki A, Kanwiszer H, Krzanowska E, Donderowicz A.

PMID: 4877969 [PubMed - indexed for MEDLINE]
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Tb Drug Induced Liver Injury 

• 5-10% of all patients treated for active TB
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PZA metabolism

• Metabolized and detoxified in the liver

• Excreted renally



Metabolism of PZA
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PZA toxicity mechanism



Source: DrugBank



PZA toxicity mechanism

• PZA liver toxicity is dose dependent

• Maybe it is not….







Idiosyncratic type B drug reaction: what is it ?

• Unpredictable
• Not dose dependent
• Hypersensitivity/immune system involvement?
• Probably due to reactive metabolites
• Mechanisms remain elusive
• Definitions not clear



Only idiosyncratic drug reaction 
when a danger signal occurs 
(cell death products)



Recent studies on PZA toxicity 1

• Question: what is the exact role of interactions with 
other TB drugs existing (INH, RIF) 



Interactions matter

• E.g. RIF induces CYP4503A4, therefore increases 
formation of hepatotoxic hydrazine

• In PZA interactions not described, and poorly 
investigated



Isoniazid metabolism



Enzymes involved in toxicity
Best known with isoniazid

- CYP1A1, 1A2, 2B1 and CYP2E1 are involved in isoniazid and/or 
hydrazin toxicity 

- Cell studies with hepatoma cells (HepG2):
- Induction of CYP1A1 and 1A2: no effect on INH 
toxicity
- Enzyminduction with rifampin: increase of INH 
toxicity 

INH  both induction as inhibition of CYP2E1 (dependent of 
concentration) 

Hydrazin induces own toxicity. Repeated exposure  more 
toxicity. 
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Human liver microsomes:
INH  inhibition of CYP2C19, CYP3A4, CYP1A2, CYP2A6, CYP2E1 

en CYP2C9.
(microsomes: membranes within the cell on which the 
enzymes are attached). 

Study in humans:
INH  inhibition of CYP2E1.

Genetic polymorphism studies:
- N-acetyltransferase 2: slow acetylators  higher probability of 

developing hepatoxicity.
- Glutathion S-transferase: null-mutation  higher probability of 

developing hepatoxicity.
- CYP2E1: c1/c1 genotype  higher probability of developing 

hepatoxicity.



25

Questions in vitro studies 

Mechanism of hepatotoxicity and interactions. 

• Which 1st line TB drugs interact with each other in 
terms of toxicity

• 2RZ (prophylactic treatment) gives severe hepatotoxicity 
even as compared with the standard treatment of active 
TB (HRZE). Can we confirm in vitro? 



In vitro: the model

The model:
• Cell model with human hepatoma cells (HepG2).
• In 96-wells plates:

Day 1: incubate 60.000 cells/well (24 hr).

Day 2: 24 hrs exposure to non-toxic concentrations of INH, Hz, RIF or
PZA.

Day 3: 24 hrs exposure to increasing concentrations INH, Hz, RIF and 
PZA.

Day 4: with a cytotoxicity-assay (WST= Water soluble Tetrazolium salts) the 
cellsurvival is assessed  ‘toxicitycurve’.

Every dose step test 4 times repeated in triplicate
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In vitro: WST cytotoxicity assay

WST-protocol:

Increasing concentrations of INH, Hz, RIF, PZA

After 24 hrs: cell survival determined with WST.

WST = orange coloured which changes to dark orange 
by viable cells

Celll survival quantified with ELISA-reader RIF: WST-assay
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IC50 = concentration of 50% cell death

Pretreatment with other TB drugs  enzyme induction ?  effect on toxicity of 
TB-drugs? 

Decreased IC50 (shift to the left):
A lower concentration causes an increase of cell death 
Increased toxicity. 

Increased IC50 (shift to the right): 
An increased concentration causes a
decrease of cell death  decreased
toxicity. 
(e.g. with protective compounds)

Isoniazide - inductie experimenten
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Results isoniazid

INH, Hz and RIF increase the in vitro toxicity of isoniazid

Isonia zide  IC50 w a a rde n
(% afnam e t.o.v. controle +  standard error)
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Results pyrazinamide

- Both INH and Hz increase toxicity of PZA

Pyrazinamide IC50 waarden
(% afname t.o.v. controle + standard error)
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Results rifampin

INH, Hz and RIF increase RIF-toxicity with no statistical conviction (P = 
0.35 en 0.37 with resp. INH and Hz).

Rifampicine  IC50 waarden
(% afname t.o.v. controle + standard error)
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In conclusion

• INH toxiciteit is increased by INH, Hz and RIF

• PZA toxicity is increased by INH and Hz

• RIF toxicity: no effects of pretreatment 



Nog overwegingen

• CYP enzymen waarom: genetisch polymorfisme, 
protectieve interventie, gerichte focused treatment, 
indien predispositie kans bekend is?
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In de planning, in vitro

• Beschermende stoffen 

• Evt. selectieve remming van CYP’s: effect op toxiciteit?

• Hepatotoxiciteit HIV middelen in dit model, interacties tussen HIV en 
TB middelen?

• Effect van antibiotica op CYP450 activiteit bepalen (lab 
Farmacologie/Toxicologie NCMLS).



Recent studies on PZA toxicity 2

• Question: what is the exact role of xanthine oxidase in 
PZA toxicity, search for hepatoprotective compounds



x x



• Same in vitro model



Conclusion

• Allopurinol increases PZA toxicity in vitro

• This is in line with increased POA induced gouty 
arthritis with allopurinol

• Toxicity probably caused by PZA and POA, not by the 
OH metabolites



Recent studies on PZA toxicity 3

• Question: are there early epigenetic markers of liver 
injury in PZA treatment?



Epigenetic changes

• Study in rat livers
• PZA causes epigenetic changes: changes in genes 

without changing the DNA sequence
• cytosine DNA methylation decrease
• hypomethylation of LINE 1 (long interspersed 
nucleotide elements)
• abberant promotor hypomethylation of the 
GSTP and p16INK4A genes

• Liverenzymes changed modestly at the same time
• PZA causes histological changes



After 45 days of PZA in various concentrations

hypomethylation



250 mg PZA mg/kg/day at various time points



B: fatty infiltration of hepatocytes and non-zonal necrosis

C and D:  fibrosis development

0 days 15 days

45 days30 days

250 mg/PZA 
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PZA and arthritis

• Assumed mechanism:

• Pyrinazoic acid is competitive with uric acid.
• PZA intake causes increase in concentration of uric 

acid
• When one is a susceptible person, a gouty arthritis 

may occur
• Allopurinol will not prevent

• Arthralgia is probably dose dependent (Pasiponodya 
and Gumbo, AAC, 2010)





Future research questions 

• A decisive answer to the dose dependency question
• We need to know more about enzymes exactly 

involved in the metabolism of PZA ?
• What is the exact role of interactions with other TB 

drugs, existing (INH, RIF) and future drugs 
(bedaquiline, PA 824, etc.) ?

• Can we identify protective compounds?
• Pharmacogenetics, which genetic polymorphisms 

play a role
• What happens to PZA toxicity if we give it for longer 

duration (in MDRTB)
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Thank you 



PZA punten om mee te nemen

• POA actief, PZA niet

• Begin: ik kom van HiRIF, em daarom ginteresseerd in 
ATDH en dus PZA

• Onze sessie heeft zelfs twee sessies niet over 
toxicity, zo weinig is er

• Acknowledgements

• PK?


