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Acetaminophen hepatotoxicity: NO to the rescue
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Severe liver injury as a result of overdose or chronic use of acetaminophen (paracetamol) remains a
significant clinical problem, accounting for as much as 40% of cases of acute liver failure. The
mechanisms underlying the liver injury caused by acetaminophen have become much better
understood in recent years. In this issue, Fiorucci et al. report that delivery of nitric oxide (NO) in
small amounts to the liver, via a novel derivative of the bile acid ursodeoxycholic acid, results in
significant protection of the liver from acetaminophen-induced damage. NO appears to produce these
beneficial actions through several mechanisms, including the suppression of synthesis of several
proinflammatory cytokines. There is also substantial evidence that a NO-releasing derivative of
acetaminophen offers several advantages over acetaminophen itself, including enhanced analgesic
potency and reduced liver toxicity.
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Acetaminophen (paracetamol) is among the most commonly

used analgesics. It effectively reduces fever and mild-to-

moderate pain, and is regarded, in general, as a very safe

drug. Nevertheless, overdose (often deliberate) of acetamino-

phen is a common cause of hepatic injury, accounting for

B40% of cases of acute liver failure in the USA (Lee, 2003).

This is in part related to the fact that this drug is available

over-the-counter. Hepatic injury with acetaminophen is not

only associated with overdose or use of high doses; rather, it

can be encountered with chronic use at lower doses (o4 g/

day), particularly in the presence of other predisposing factors,

such as chronic alcohol consumption (McClain et al., 1999).

Damage to the liver following acetaminophen ingestion is

not due to the drug itself, but to a toxic metabolite (N-actetyl-

p-benzoquinine imine; NAPI) that is generated through the

cytochrome P450 group of enzymes in the liver. This

metabolite is usually rendered harmless through an interaction

with the endogenous antioxidant, glutathione. However, when

there is overproduction of the acetaminophen metabolite,

glutathione stores in the liver become depleted, and the

metabolite begins to accumulate and cause tissue injury.

Hepatic injury can be limited through administration of N-

acetylcysteine, which replenishes liver levels of glutathione.

Acetminophen-induced liver injury may not be attributable

solely to direct cytotoxic effects of NAPI. Recent studies have

provided evidence for a role of various cytokines and of nitric

oxide (NO) in the production of tissue injury following

acetaminophen administration at high doses. This leads to

induction of apoptosis of hepatocytes. The production of high

levels of nitric oxide within the liver, via inducible NO synthase

(iNOS), may also promote damage via interference with

mitochondrial respiration (Moncada & Erusalimsky, 2002).

However, low (i.e., physiological) amounts of NO in the liver

has the opposite effect, protecting the liver against damage

induced by tumour necrosis factor-a or Fas-dependent

apoptosis (Fiorucci et al., 2001b).

Ursodeoxycholic acid is a bile acid that is used clinically for

dissolution of cholesterol gallstones. In this issue of Br J

Pharmacol, Fiorucci et al. describe a derivative of ursodeoxy-

cholic acid (NCX-1000) that selectively releases low amounts

of NO in the liver. This compound dose-dependently reduced

acetaminophen-induced mortality and liver injury. It did not

interfere with metabolism of acetaminophen, as hepatic

glutathione levels were still depleted. However, treatment with

NCX-1000 resulted in inhibition of the activation of caspase 3,

8 and 9, and prevention of the induction of apoptosis.

Treatment with NCX-1000 also resulted in significant reduc-

tions in acetaminophen-induced increases in expression of

mRNA for interferon-g, tumour necrosis factor-a and iNOS in

the liver. These actions appear to be attributable to the NO

released from this compound, since ursodeoxycholic acid itself

did not exhibit beneficial effects in this model. Also, NCX-

1000, but not ursodeoxycholic acid, increased liver levels of

cyclic GMP.

Over the past decade, NO-releasing derivatives of a number

of classes of drugs have been developed. NO-releasing

NSAIDs have been shown to exhibit markedly reduced

gastrointestinal toxicity, and increased anti-inflammatory

potency (Burgaud et al., 2002). A significant increase in

anti-inflammatory potency has also been observed for NO-

releasing derivatives of glucocorticoids and mesalamine

(Wallace et al., 1999; Paul-Clark et al., 2002). As in the study

of Fiorucci et al. (2004), NO-releasing mesalamine, the parent

drug being one of the most widely used medications for

inflammatory bowel disease, exhibited an ability to suppress

proinflammatory cytokine production that was not seen

with the parent drug (Wallace et al., 1999). The slow release

of low amounts NO from these compounds appears to be

responsible for both the increased gastrointestinal safety and

the enhanced anti-inflammatory properties that have been

observed.

NCX-1000 may represent an important tool for preventing

or reversing the liver damage caused by acetaminophen.

Previous studies have shown that this compound can also

protect the liver from immune-mediated injury, raising the*Author for correspondence: E-mail: wallacej@ucalgary.ca
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possibility that it could be useful in various types of hepatitis,

as well as being of value for treatment of portal hypertension

(Fiorucci et al., 2001a,b). In the long term, the solution to the

acetaminophen hepatotoxicity issue may be one of the sister

molecules of NCX-1000, the NO-releasing derivative of

acetaminophen itself. This drug (NCX-701) exhibits significant

anti-inflammatory activity and has been shown to be much

more potent as an analgesic, and much less toxic to the liver

than the parent drug (al-Swayeh et al., 2000; Futter et al.,

2001; Fiorucci et al., 2002).
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