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INTRODUCTION
Paracetamol is one of the most
commonly used antipyretic and

analgesic drug in the world, which has
no adverse effect when used at the
therapeutic dose (Kanno et al., 2006).1t
is available in more than 200 over the
counter (OTC) and prescription
medications, either singly or combined
with other drugs (Patrick andEugene,
2007).

Paracetamol is associated with both
intentional and unintentional poisoning
(Bateman et al., 2014).Overdose of
paracetamol can occur at any age. A
therapeutic  misadventure  typically
occurs in children younger than 1 year,
when their caregivers give incorrect
doses of a medication containing
paracetamol. Accidental poisoning can
occur in toddlers and young children
with unsupervised access to
medications.  Older patients (eg,
teenagers and adults) may use it
intentional for suicide (Roberts, 2007).
Chemistry of paracetamol

Chemical name of paracetamol is N-
acetyl-p-aminophenol (APAP) which is
a derivative of p-aminophenol that
corresponds to the active principle
metabolite phenacetin(swierkosz et al.,
2002).

Pharmacokinetics of paracetamol

A- Absorption:

Paracetamol has a pKa of 9.5, and, in
the alkaline medium of duodenum, is
absorbed primarily by passive non-
ionic diffusion (McGill and Jaeschke,
2013).

b- Distribution:
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The binding of paracetamol to plasma
proteins is low (10— 25 %), while it is

widely distributed, with a volume of
distribution of 0.8-1 I/kg (Prescott,
2001).

Paracetamol has the ability to penetrate
into the cerebrospinal fluid (CSF). It is
also able to penetrate the placenta and
is excreted in breast milk at low levels
(Kumpulainenet al., 2007).

c- Metabolism and elimination:

In adults, paracetamol is metabolized
mainly in the liver by glucuronidation
(50-60 %), sulfation (25-30 %), and
oxidation (<10%). Additionally,
hydroxylation to form 3-
hydroxyparacetamol and methoxylation
to form 3- methoxyparacetamol, along
with excretion of free or unconjugated
paracetamol in the urine, represent
minor clearance pathways (McGill and
Jaeschke, 2013).

All of the metabolites are excreted in
the urine in a dose-dependent manner,
with more than 90 % of an
administered dose excreted within 24 h
(Jietal., 2012).

Oxidation of paracetamol occurs via a
CYP450-dependent, mixed-function
oxidase enzyme pathway to form N-
acetyl-p-benzo-quinone imine
(NAPQI). NAPQI is conjugated with
intracellular ~ glutathione to  3-
glutathione-S-yl-paracetamol (Gelotte
et al., 2007).

Administration

Maximum paracetamol therapeutic
dosages: The maximum daily adult dose




SOHAG MEDICAL JOURNAL
Vol. 23 No.2 Apr 2019

Review on Chemistry, Pharmacology

Sara Elsayed Ahmed.et al

of paracetamol is 4 g, with a
recommended dosage of 500 mg every
4-6 hours.For children, the maximum
daily dose is 75 mg/kg, with a
recommended dosage of 10-15 mg/kg
every 4-6 hours as needed (Stockler et
al., 2004).

Toxic paracetamol dosages: In adults,
an acute ingestion of more than 150
mg/kg or 12 g of paracetamol is
considered a toxic dose and poses a
high risk of liver damage. For children,
a minimal, single paracetamol dose of
120-150 mg/kg may be associated with
hepatotoxicity (Hodgman and
Garrard, 2012)

Mechanism of action

a- At therapeutic dose:

It has been assumed that paracetamol
mainly acts through the cyclooxygenase
(COX) pathway. Its action appears to
be mostly central; it readily passes the
blood-brain barrier (Courade et al.,

2001) and inhibits prostaglandin
synthesis in the brain (Anderson,
2008).

The inhibition of the prostaglandin
synthesis in the brain leads to
temperature reduction probably
modifying hypothalamic temperature
set-point (Anderson, 2008).

b- At toxic dose:

The toxicity of paracetamol is closely

linked to its metabolism. With
therapeutic dosing, paracetamol is
predominantly metabolized by
glucuronidation and sulfation.

Approximately 5 % to 10 % of the drug
is oxidized by CYP4s-dependent
pathways to NAPQIL. NAPQI is
detoxified by  glutathione  and
eliminated in the urine or bile (Yuan
and Kaplowitz, 2013).

The NAPQI that is not detoxified may
bind cysteine groups on proteins
forming paracetamol—protein adducts in
the liver. High levels of adducts
correspond to liver toxicity in patients
with paracetamol related acute liver
failure (James et al., 2013).
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Probably the NAPQI causes damage
through binding mitochondrial proteins.
This binding leads to decreased
mitochondrial respiration, increased
oxidative stress, and then to hepatic
cellular  necrosis  (McGill  and
Jaeschke, 2013).

The kidney is the second target organ
of paracetamol toxicity (Chen et al.,
2015). Renal dysfunction after acute
paracetamol overdose is the result of
the local formation of NAPQI, which
causes tubular necrosis(McGill and
McGill, 2018).

Toxicity ofparacetamol

Paracetamol poisoning can be described
in four sequential phases: preclinical
toxic effects (phase one), hepatic injury
(phase two), hepatic failure (phase
three), and recovery, phase four
(Heard, 2008).

i-The first phase occur a few hours after
ingestion of a toxic dose, and lasts 12 to

24 hours. It consists of anorexia,
nausea, vomiting, malaise, and
diaphoresis, which may provoke

administration of additional doses of
paracetamol(Schilling et al., 2010).
ii-In the second phase, occurring up to
24 to 48 hours after ingestion, the first
phase signs resolve and are replaced by
right upper quadrant pain or tenderness,
liver enlargement, and oliguria in some
patients. Bilirubin, hepatic enzyme
levels and the prothrombin time
increase (Chun et al., 2009).

iii-In the third phase, usually 3 to 5
days into the course, anorexia, nausea,
vomiting, and malaise reappear, along
with signs of hepatic failure, including
jaundice, hypoglycemia, coagulopathy,
and encephalopathy. Renal failure and
cardiomyopathy may also develop.
Death may occur as a consequence of
complications associated with hepatic
failure, including multi-organ system
failure,and cerebral edema (Larson,
2007).

iv-The fourth phase is associated with
recovery or progression to death from
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complete liver failure. Approximately
70% of patients who enter phase four
recover completely, while 1% to 2% of
patients  develop  fatal  hepatic
failure. Severe, untreated
paracetamoltoxicity will result in death
within 4 to 18 days after ingestion
(Chun et al., 2009).

Diagnosis of paracetamol toxicity:

1- Clinical assessment.
2- Lab:
a) The serum paracetamol

concentration:

Paracetamol concentration in venous
blood should be measured between 4
and 16 hours after ingestion of a single
dose(Rumack, 2002).After a single
ingestion, N -acetyl cysteine (NAC)
therapy is guided by the serum APAP
concentration. An APAP level 4 hours
post ingestion of greater than 150
mcg/mL  (>993 umol/L) reflects
possible toxicity (Pakravan et al.,
2009)

b) Liver function tests (LFTSs).
Aspartate aminotransferase (AST) and
alanine  aminotransferase (ALT)
concentrations begin to rise within 24
hours after an acute ingestion and peak
at about 72 hours. In severe overdose,
transaminase elevation can be detected
as early as 12-16 hours post-ingestion
(Farrell and Defendi, 2018). Toxicity
is defined as serum AST or ALT
concentrations greater than 1000 1U/L.
A rapid progression of transaminase

values to 3000 IU/L or greater
reflects severe hepatotoxicity (Green et
al., 2010).

c)Renal function tests

Blood urea nitrogen [BUN], and
creatinine concentrations can reveal
evidence of co-existing renal failure
and hepato-renal syndrome (Zyoud et
al., 2011).

d) Arterial blood gas and serum
lactate concentrations.

A pH of less than 7.3 or a lactate
concentration greater than 3.5 after
fluid resuscitation is laboratory
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indicators  predictive  of
(Bernal et al., 2002).

e) Anion Gap

A high anion gap may be found in
clinically ill patients who present soon
after  paracetamol ingestion; the
etiology is hypothesized to be an
elevated serum lactate concentration
(Ferner et al., 2011).

f) NAPQI-Protein Adducts

Serum concentrations of NAPQI-
protein adduct have been measured as
evidence of  paracetamol—induced
hepatotoxicity.The peak serum
concentrations of NAPQI adducts
correlate with peak AST and ALT
concentrations, and they may be
diagnostic of APAP-induced
hepatotoxicity  in late-presenting
patients with acute liver failure of
unknown etiology (James et al.,2008).
Rumack-Matthew Nomogram

The Rumack-Matthew nomogram is
used to interpret serum paracetamol
concentrations in relation to time since
ingestion, in order to assess
potential hepatotoxicityBateman,
2015).

The nomogram predicts potential
toxicity beginning at4 hours after
ingestion up to 24 hours after ingestion.
Values obtained earlier than four hours
cannot  be interpreted  because
absorption is not yet complete. Values
taken after 18 hours may be high
because of acute liver injury that delays
paracetamol metabolism.
Concentrations measured 4-18 hours
post-ingestion are most reliable
(Rumack, 2002).

The upper line of the nomogram is the
“probable” line, also known as the
Rumack-Matthew line. It includes a
paracetamol level of 200 pg /mL at 4
hours and 25 pg /mL at 16 hours after
acute ingestion. About 60% of patients
with values above this line develop
hepatotoxicity (McGovern et al.,
2015).The lower line on the nomogram
is the “possible” line. The possible line,

mortality
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also known as the “treatment”
line, incorporates a 25% margin of
error in  measurement variations or
uncertainty regarding the time of
ingestion (Buehler and Curry, 2005).

The nomogram cannot be used if the
patient presents more than 24 hours
after ingestion or has a history of
multiple paracetamol ingestions (Dart

et al., 2006).
|.7. Treatment:
Supportive care is essential in
paracetamol toxicity. Immediate

assessment of the patient's airway,
breathing, and hemodynamic status is

critical, while considering and
initiating treatment ~ for ~ suspected
paracetamol overdose (Farrell and

Defendi, 2018).

Administer activated charcoal (AC) if
the patient has a stable mental and
clinical status, patent airway, and
presents to the emergency department
within 1 hour of ingestion (Chyka et
al., 2005).

Measure a 4-hour serum paracetamol
concentration to assess the
potential risk for hepatotoxicity, using
the  Rumack-Matthew  nomogram.
Patients with paracetamol
concentrations below the “possible”
line for hepatotoxicity on the Rumack-
Matthew nomogram may be discharged
home after they are medically cleared
(Farrell and Defendi, 2018).

Admit patients with paracetamol
concentrations above the “possible” line
on the Rumack-Matthew nomogram for
treatment  with N-acetyl  cysteine
(NAC).Treat patients with evidence of
hepatic failure, metabolic acidosis,
coagulopathy, and/or encephalopathy in
an intensive care unit (ICU) (Bernal
and Wendon, 2003).

The management of paracetamol
toxicity focuses on prevention of
hepatotoxicity by treatment with the
antidote N-acetylcysteine (NAC) (Daly
et al., 2008).Early administration of
NAC after suspected paracetamol
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overdose is most essentia.NAC is
nearly 100% hepatoprotective when it
is given within 8 hours after acute
paracetamol ingestion but may still be
of value up to 48 hours after ingestion
(Whyteet al., 2007)

The primary mechanism of action of
NAC is provision of cysteine which is a
precursor of glutathione, it increases the
concentration of glutathione available
for the conjugation of NAPQI (Kozer
and Koren, 2001).

*Criteria for liver transplantation
include the following (Dargan and
Jones, 2002):

. Metabolic acidosis (PH <7.3),
unresponsive to resuscitation

. Renal failure (creatinine>300
umol/L)

. Coagulopathy
second, INR > 6,5)

. Encephalopathy (grade 11, 1V).
Summary and conclusion
Paractamolis one of the most widely
used analgesic and antipyretic. It is
considered safe at therapeutic dose.
However, large dose can affect liver as
well as kidney function. NAC is the

(PT > 100

specific antidote in  paracetamol
toxicity.
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