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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Several others were used in the United States or Europe, but were abandoned or have been withdrawn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(tye” car sil’ in) fourth generation penicillins that have been withdrawn from use, have also been linked to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

o Piperacillin-Tazobactam
o Ticarcillin

o 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

Piperacillin

Piperacillin and
Tazobactam
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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
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Table continued from previous page.

DRUG CAS REGISTRY NO MOLECULAR FORMULA STRUCTURE
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children. Pediatrics. 1978;61:858-63. PubMed PMID: 673548.
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1982;100:497-9. PubMed PMID: 7062188.

(3 children who developed elevations in serum ALT levels during intravenous therapy with oxacillin or carbenicillin
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(Among 251 patients treated with either of 2 fourth generation penicillins, overall rates of response and side effects
were similar; no mention of ALT levels of hepatic adverse events).
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were attributed to an extended spectrum penicillin).

Ferrajolo C, Capuano A, Verhamme KM, Schuemie M, Rossi E, Stricker BH, Sturkenboom MC. Drug-induced
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(Among 1198 patients with acute liver failure enrolled in a US prospective study between 1998 and 2007, 133 were
attributed to drug induced liver injury, none of which were attributed to an extended spectrum penicillin).

Bjornsson ES, Bergmann OM, Bjornsson HK, Kvaran RB, Olafsson S. Incidence, presentation and outcomes in
patients with drug-induced liver injury in the general population of Iceland. Gastroenterology.
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amoxicillin, and 1 each to rifampin, moxifloxacin and ciprofloxacin; none to 4th generation penicillins).

Devarbhavi H, Andrade R]. Drug-induced liver injury due to antimicrobials, central nervous system agents, and
nonsteroidal anti-inflammatory drugs. Semin Liver Dis. 2014;34:145-61. PubMed PMID: 24879980.

(Review of drug induced liver injury from various classes of agents, mentions that amoxicillin-clavulanate is the
leading cause of drug induced liver injury, marked by a latency of several days to weeks, often after stopping the
antibiotic, the injury varying from cholestatic to hepatocellular and the mortality rate being as high as 7%; no
discussion of the 4th generation penicillins).

Hernandez N, Bessone F, Sanchez A, di Pace M, Brahm J, Zapata R, A, Chirino R, et al. Profile of idiosyncratic
drug induced liver injury in Latin America. An analysis of published reports. Ann Hepatol. 2014;13:231-9.
PubMed PMID: 24552865.

(Systematic review of literature of drug induced liver injury from Latin American countries published between 1996
and 2012 identified 176 cases, of which 37 [19%] were attributed to antimicrobials, including one to benzathine
penicillin and 3 to amoxicillin-clavulanate, but none to 4th generation penicillins such as piperacillin or
ticarcillin).

Chalasani N, Bonkovsky HL, Fontana R, Lee W, Stolz A, Talwalkar ], Reddy KR, et al; United States Drug
Induced Liver Injury Network. Features and outcomes of 899 patients with drug-induced liver injury: The
DILIN Prospective Study. Gastroenterology. 2015;148:1340-52.e7. PubMed PMID: 25754159.

(Among 899 cases of drug induced liver injury enrolled in a US prospective study between 2004 and 2013, 323
[36%] were attributed to antibiotics of which 106 [12%] were due to penicillins including one to 1st, three to 2nd
[all due to oxacillin], 97 to 3rd [91 to amoxicillin-clavulanate, and 6 to amoxicillin alone] and five to 4th
generation penicillins [all 5 to piperacillin-tazobactam]).

Nicoletti P, Aithal GP, Bjornsson ES, Andrade R], Sawle A, Arrese M, Barnhart HX, et al; International Drug-
Induced Liver Injury Consortium, Drug-Induced Liver Injury Network Investigators, and International
Serious Adverse Events Consortium. Association of liver injury from specific drugs, or groups of drugs, with

polymorphisms in HLA and other genes in a genome-wide association study. Gastroenterology.
2017;152:1078-89. PubMed PMID: 28043905.

(A genome wide association study done on 862 Caucasian patients with drug induced liver injury demonstrated a
strong link with HLA-A*33:01 in those with cholestatic liver injury, particularly in cases attributed to
terbinafine, fenofibrate and ticlopidine).
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(Eight patients with DRESS syndrome attributed to piperacillin-tazobactam were identified at a single Spanish
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eosinophilia, 6 with liver involvement [mixed or cholestatic injury] but none with jaundice, 3 with renal
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(Among 824 patients who underwent outpatient parenteral antibiotic therapy for at least 2 weeks, 210 [25%]
developed eosinophilia including 58 of 207 [28%] who received “penicillins” of whom 3 developed signs of
‘possible” DRESS syndrome; specific penicillins accounting for the cases were not provided).

Tailor A, Faulkner L, Naisbitt DJ, Park BK. The chemical, genetic and immunological basis of idiosyncratic
drug-induced liver injury. Hum Exp Toxicol. 2015;34:1310-7. PubMed PMID: 26614821.

(Review of mechanisms of idiosyncratic drug induced liver injury focusing upon chemically reactive drug
metabolites and genetic associations, particularly those with HLA alleles that implicate the adaptive immune
response).
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(Genome wide association studies on 2048 patients with drug induced liver injury and 12,439 controls identified a
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PTPN22 being a cellular kinase involved in modulation of immune reactions).
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