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a  b  s  t  r  a  c  t

Acetaminophen  (APAP)  is  a well-known  analgesic  and antipyretic  drug. It is  considered  to  be safe  when
administered  within  its  therapeutic  range,  but in  cases  of  acute  intoxication,  hepatotoxicity  can  occur.
APAP  overdose  is the leading  cause  of acute  liver  failure  in the  northern  hemisphere.  Historically,  studies
on APAP  toxicity  have been  focused  on liver,  with  alterations  in brain  function  attributed  to  secondary
effects  of  acute  liver  failure.  However,  in  the  last  decade  the  pharmacological  mechanism  of  APAP  as a
cannabinoid  system  modulator  has  been  documented  and  some  articles  have  reported  “in  situ”  toxicity
by  APAP  in  brain  tissue  at high  doses.  Paradoxically,  low  doses  of  APAP  have  been  reported  to  produce
the  opposite,  neuroprotective  effects.  In  this  paper  we  present  a comprehensive,  up-to-date  overview  of
hepatic  toxicity  as  well  as  a thorough  review  of  both  toxic  and  beneficial  effects  of  APAP  in  brain.

©  2016  Elsevier  Ltd. All  rights  reserved.
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1. Introduction

Acetaminophen (N-acetyl-para-aminophenol, paracetamol,
APAP) was originally synthesized in 1878 by Morse [1] and first
used clinically by von Mering in 1887 [2]. During that period,
phenacetin was the most widely used analgesic in clinical practice.
In the 1950s, the analgesic and antipyretic properties of APAP were
re-discovered by Brodie and Axelrod [3] and they demonstrated
that APAP was in fact the active metabolite of phenacetin. At that
time, APAP was introduced in the U. S. market as a replacement
drug for phenacetin, whose use was discontinued due to its
nephrotoxic potential. Owing to its widespread acceptance as a
safer alternative to phenacetin, APAP became one of the most
popular and widely used over-the-counter analgesic-antipyretic
drugs in the world, and the most commonly prescribed medication
in children [4,5]. Also, since the 1980’s APAP has become the first
drug of choice for the treatment of pain and fever in children

because of the high incidence of Reye’s syndrome associated with
pediatric use of aspirin [6]. In the U.S., approximately 79% of the
general population consume APAP regularly [7]. Many prescription
and nonprescription formulations contain APAP alone or in com-
bination with other drugs. Excessive self-medication is a prevalent
practice responsible for many cases of APAP intoxicantion.

2. An update on the mechanism(s) of pharmacological
action

Historically, APAP was initially categorized as a nons-
teroidal anti-inflammatory drugs (NSADs). Multiple investigations
compared its mechanism of action to that of classical NSAIDs,
such as acetyl salicylic acid which inhibits the cyclooxygenase
(COXs) pathway [8]. However, APAP was proven to be ineffective
as an anti-inflammatory drug. It is well established that NSAIDs
inhibit COX-dependent production of prostaglandins [9], while

Fig. 1. FAAH-metabolite of APAP: generation of N-arachidonoyl-phenolamine (AM404) in brain. Panel A: APAP is deacetylated followed by the formation of AM404 by the
addition of arachidonic acid, which is catalyzed by fatty acid amide hydrolase (FAAH) in brain. Panel B: structures of AM404 and anandamide.
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