NLM Citation: LiverTox: Clinical and Research Information on Drug-
Induced Liver Injury [Internet]. Bethesda (MD): National Institute of
m U.S. National Library of Medicine  Diabetes and Digestive and Kidney Diseases; 2012-. Penicillins (3rd
FRSKCE S SNE O S a0 S e S aamaCSN Generation). [Updated 2020 Oct 20].
Bookshelf URL: https://www.ncbi.nlm.nih.gov/books/

Penicillins (3rd Generation)

» Updated: October 20, 2020.
v\,

liverTox

livertox.nih.gov

OVERVIEW

The aminopenicillins (sometimes referred to as third generation penicillins) are semisynthetic modifications of
natural penicillin that have the advantage of a broader spectrum of activity. Like the natural penicillins,
aminopenicillins have a thiazolidine ring structure connected to a beta-lactam ring which makes these agents
susceptible to inactivation by beta-lactamase, the usual cause of bacterial resistance to the penicillins. The
aminopenicillins, like the natural first generation penicillins, bind to bacterial proteins and inhibit synthesis of
the bacterial cell wall, causing cell lysis particularly in rapidly growing organisms. The aminopenicillins are
widely used for therapy of mild-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.

Two third generation penicillins are available in the United States: ampicillin (am" pi sil' in) and amoxicillin (a
mox" isil' in). Both are also available in combination with a pharmacologic enhancing agent, a beta-lactamase
inhibitor which extends the antibacterial coverage against penicillinase-resistant bacteria. Ampicillin is available
in combination with sulbactam (sul bak' tam) sodium generically and under the trade name Unasyn.
Amoxicillin is available in combination with clavulanic acid in generic forms and under the trade name
Augmentin.

Bacampicillin and pivampicillin are two other aminopenicillins, but they are not available in the United States
and are rarely used.

Both ampicillin and amoxicillin can cause idiosyncratic liver injury that generally resembles the injury
associated with the first generation penicillins. The typical presentation is a cholestatic hepatitis arising 2 to 4
weeks after starting the antibiotic and sometimes 1 to 2 weeks after a 7- or 10-day course. The injury is usually
mild-to-moderate in severity, although fatal cases of acute liver failure have been described. Importantly, with
severe cholestatic hepatitis, progression to a vanishing bile duct syndrome or prolonged cholestasis can occur
which rarely is fatal or leads to liver transplantation. While acute liver injury from ampicillin and amoxicillin is
quite rare, liver injury from amoxicillin-clavulanate is not uncommon. In most large case series on drug induced
liver injury from the United States, Europe and Australia, amoxicillin-clavulanate is far and away the most
frequent cause of drug induced liver disease, while amoxicillin and ampicillin may not be listed at all.
Importantly, the liver injury from amoxicillin-clavulanate is usually attributed to the clavulanate rather than the
aminopenicillin, and the pattern of injury may be slightly different than that described with penicillin, ampicillin
and amoxicillin alone. For these reasons, separate records are provided in LiverTox for the aminopenicillins that
are used in combination with a beta-lactamase inhibitor. References to the individual agents are given with the
specific drug records; general references to the aminopenicillins are given below.



Drug Class: Antiinfective Agents
The following are links to each drug record:
» Amoxicillin

o Amoxicillin-Clavulanate
o Ampicillin

o Ampicillin-Sulbactam

+ Bacampicillin

« Pivampicillin

CHEMICAL FORMULAS AND STRUCTURES

DRUG  CAS REGISTRY NO MOLECULAR FORMULA

STRUCTURE

Amoxicillin 26787-78-0 C16-H19-N3-0O5-S

Ampicillin 69-53-4 C16-H19-N3-04-S 0

LiverTox


https://www.ncbi.nlm.nih.gov/books/n/livertox/Antiinfective/
https://www.ncbi.nlm.nih.gov/books/n/livertox/Amoxicillin/
https://www.ncbi.nlm.nih.gov/books/n/livertox/AmoxicillinClavulana/
https://www.ncbi.nlm.nih.gov/books/n/livertox/Ampicillin/
https://www.ncbi.nlm.nih.gov/books/n/livertox/AmpicillinSulbactam/
https://pubchem.ncbi.nlm.nih.gov/substance/134997708
https://pubchem.ncbi.nlm.nih.gov/substance/134997708
https://pubchem.ncbi.nlm.nih.gov/substance/134971670
https://pubchem.ncbi.nlm.nih.gov/substance/134971670
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