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OVERVIEW
The fourth generation penicillins are semisynthetic modifications of natural penicillin that have the advantage of 
an extended spectrum of activity particularly against gram negative bacteria including Pseudomonas, 
Enterobacter, Proteus and Klebsiella species. The first generation penicillins are bactericidal antibiotics naturally 
derived from the mold, Penicillium chrysogenum. Their basic structure includes a thiazolidine ring connected to 
a beta-lactam ring with a variable side chain. Penicillins bind to bacterial proteins and inhibit synthesis of the 
bacterial cell wall, causing cell lysis particularly in rapidly growing organisms. Bacterial resistance to penicillin is 
usually mediated by beta-lactamase, an enzyme which destroys the beta-lactam ring of penicillin, rendering it 
inactive.

The fourth generation penicillins (sometimes referred to as penicillins with extended spectrum of action) like 
natural penicillin are susceptible to beta-lactamase. The extended spectrum penicillins are used for therapy of 
moderate to severe urinary, respiratory, gastrointestinal tract, skin, bone and joint infections. They have activity 
against Escherichia coli, Hemophilus influenzae, Listeria monocytogenesis, Neisseria gonorrhoeae, Proteus 
mirabilis, Salmonella, Shigella, Staphylococcus aureus (non-penicillinase producing), Staphylococcus 
epidermidis, and Streptococcus pneumoniae.

Only one fourth generation penicillin is currently available in the United States: piperacillin (pi" per a sil' in). 
Several others were used in the United States or Europe, but were abandoned or have been withdrawn 
(ticarcillin, carbenicillin, mezlocillin and azlocillin). Piperacillin is also available in combination with the beta-
lactamase inhibitor tazobactam (taz" oh bak' tam), which provides coverage against penicillinase-resistant 
bacteria. Piperacillin is a rare cause of acute liver injury and appears to share a common pattern of associated 
liver injury with other penicillins. Carbenicillin (kar" ben i sil' in), mezlocillin (mez" loe sil' in), and ticarcillin 
(tye” car sil’ in) fourth generation penicillins that have been withdrawn from use, have also been linked to 
penicillin-like hepatotoxicity. The combination of ticarcillin with clavulanic acid has been associated with injury 
that resembles the cholestatic hepatitis that follows therapy with amoxicillin-clavulanate.

Drug Class: Antiinfective Agents

The following extended-spectrum penicillins are discussed separately with individual clinical cases and 
references. The following are links to each drug record:

• Piperacillin
• Piperacillin-Tazobactam
• Ticarcillin
• Ticarcillin-Clavulanate

https://www.ncbi.nlm.nih.gov/books/n/livertox/Antiinfective/
https://www.ncbi.nlm.nih.gov/books/n/livertox/Piperacillin/
https://www.ncbi.nlm.nih.gov/books/n/livertox/PiperacillinTazob/
https://www.ncbi.nlm.nih.gov/books/n/livertox/Ticarcillin/
https://www.ncbi.nlm.nih.gov/books/n/livertox/TicarcillinClavulana/


CHEMICAL FORMULAS AND STRUCTURES
DRUG CAS REGISTRY NO MOLECULAR FORMULA STRUCTURE

Piperacillin 59703-84-3 H26-N5-Na-O7-S

Piperacillin and 
Tazobactam

157044-21-8 C23-H27-N5-O7-S.
C10-H12-N4-O5-S.Na
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https://pubchem.ncbi.nlm.nih.gov/substance/135006689
https://pubchem.ncbi.nlm.nih.gov/substance/135006689
https://pubchem.ncbi.nlm.nih.gov/substance/135079097
https://pubchem.ncbi.nlm.nih.gov/substance/135079097


Table continued from previous page.

DRUG CAS REGISTRY NO MOLECULAR FORMULA STRUCTURE

Ticarcillin 34787-01-4 C15-H16-N2-O6-S2

Ticarcillin and
Clavulanic Acid

86482-18-0 C15-H16-N2-O6-S2.
C8-H9-N-O5
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