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ARTICLE INFO ABSTRACT

Handling Editor: Lawrence Lash Paracetamol, also known as acetaminophen (N-acetyl-para-aminophenol, APAP) is the world’s most used over-

the-counter analgesic-antipyretic drug. Despite its good safety profile, acetaminophen can cause severe hepa-

Keywords: totoxicity in overdose, and poisoning from paracetamol has become a major public health concern. Paracetamol
Pa‘acaamf’ll is now the major cause of acute liver failure in the United States and Europe. This systematic review aims at
I/_\Icegta;;ti::;;zn examining the likelihood of paracetamol use in Nigeria causing more liver toxicity vis-a-vis the reduced
Nigeria maximum recommended daily adult dose of 3 g for the 500 mg tablet. Online searches were conducted in the
Liver databases of PubMed, Google Scholar and MEDLINE for publications using terms like “paracetamol toxicity,”

”»

“acetaminophen and liver toxicity,” “paracetamol and liver diseases in Nigeria,” and other variants. Further
search of related references in PubMed was carried out, and synthesis of all studies included in this review
finalized. There were 94 studies that met the inclusion criteria. Evaluation of hepatic disorder was predicated
mostly on a constellation of clinical features and limited clinical laboratory investigations. Determination of
blood paracetamol concentration was rarely reported, thus excluding paracetamol poisoning as one of the likely
causes of liver disorders in Nigeria. In Nigeria and elsewhere, several factors are known to increase paracetamol’s
predisposition to liver injury. They include: the over-the-counter status of paracetamol, use of fixed-dose com-
binations of paracetamol with other drugs, malnutrition, dose miscalculations, and chronic alcohol consumption.
The tendency to exceed the new paracetamol maximum daily dose of 3 g in Nigeria may increase its risk for
hepatotoxicity than observed in the United States of America known for emphasizing lower dose of the drug. In
addition to recommending the new maximal daily paracetamol dose allowance, the historical maximum daily
adult dose of 4 g should be de-emphasized in Nigeria.

1. Introduction its toxicity to the kidney [3]. It is a non-opioid analgesic useful in the

treatment of mild/moderate pains like headache, postpartum pain,

1.1. Paracetamol: therapeutic uses and hepatotoxic potentials

Paracetamol, also known as acetaminophen (N-acetyl-para-amino-
phenol, APAP), is the most widely used over-the-counter analgesic-
antipyretic drug worldwide, and the most commonly used medication in
paediatrics [1-4]. Paracetamol was used in the United States of America
to replace the drug, phenacetin, which was no longer in use because of

myalgia, and in many conditions where treatment with aspirin is not
effective [5]. Several over-the-counter and prescription preparations are
made solely of paracetamol or its combination with other drugs [3], and
many users are unaware of its content in these combination medications
[6-8]. This is particularly problematic with users that buy multiple
over-the counter multi-symptoms medicines unaware that they contain
paracetamol and without consulting their pharmacist or physician.
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Paracetamol became the preferred drug for treating fever and pains in
paediatric populations because of the occurrence of Reye’s syndrome
with paediatric use of aspirin [9]. In children less than 6 years, para-
cetamol is the most common drug involved in cases of overdose [10,11].
When ingested in large quantities, paracetamol can cause serious hep-
atotoxicity despite showing relatively good safety profile at therapeutic
levels [12]. Although the risk of paracetamol toxicity is commonly seen
in children, poisoning episodes are often more serious and fatal in adults
[12,13]. Paracetamol toxicity may be attributable to its common
availability and the general perception of being extremely safe [12].
Paracetamol poisoning may be as a result of only one acute ingestion or
as a result of the repeated use of supratherapeutic amounts [14]. It has
been established that the susceptibility to paracetamol toxicity is more
common in some individuals than others particularly at lower overdose
levels, and lack of medical intervention may affect prognosis [7].

Accidental and intentional paracetamol poisoning has become a
serious public health concern [15,16], and paracetamol poisoning is at
the top of medication poisoning list of several countries [17,18]. Ac-
cording to reports from the American Association for the Study of Liver
Diseases, the incidence of paracetamol-induced hepatotoxicity has
increased significantly in the past decades [3], and paracetamol is
currently the major cause of acute hepatic failure in the United States of
America, Britain and in several European nations [3,19-21]. Paraceta-
mol poisoning has been reported as the leading cause of liver trans-
plantation in the United States [12]. More than 100,000 calls made to
the United States Poison Control Centers, 2600 hospital admissions, 56,
000 visits to the emergency departments, and about 500 deaths were
attributable to yearly use of paracetamol [3,22-24].

1.2. Mechanisms of action of acetaminophen

Therapeutically, acetaminophen is used as an analgesic and antipy-
retic drug. It is not effective as an anti-inflammatory drug. Compared to
the NSAIDs known for their inhibition of cyclooxygenase-dependent
production of prostaglandins [3], acetaminophen does not have pe-
ripheral anti-inflammatory properties and therefore acts primarily
within the central nervous system. In the brain, paracetamol can easily
cross the blood brain barrier and selectively inhibits the COX pathway
without causing similar COX inhibition in peripheral tissues such as the
stomach [3,25]. Centrally, this mechanism of inhibition of cyclo-
oxygenase enzyme by paracetamol is not achieved via direct binding to
the enzyme’s active site, rather acetaminophen tends to reduce the
active form of COX, making the enzyme inefficient as a catalyst [26].
Recently, it has been suggested that the mechanism of acetaminophen
analgesic effect is via its metabolism to N-acylphenolamine (AM404),
which then activates the transient receptor potential vanilloid 1
(TRPV1) and cannabinoid 1 (CB1) receptors in the brain. Apart from
activating these two receptors in the brain, analgesia also involves their
activation in the spinal cord dorsal horn [27,28]. The mechanism of
action of acetaminophen antipyretic activity involve reduction in the
oxidative stress that has been implicated in the release of prostaglandin
and fever [29-32].

1.3. Mechanisms of acetaminophen hepatotoxicity

When acetaminophen is taken orally, it is absorbed rapidly from the
gastrointestinal tract reaching therapeutic levels (in plasma or blood)
between 30 min and 2 h. With an overdose, plasma or blood level rea-
ches peak at 4 h, except in situations involving the co-administration of
agents which can slow down gastric motility causing a delay in gastric
emptying or when the acetaminophen formulation is a sustained-release
form [12,33]. The elimination half-life of acetaminophen is 2 h. This
may increase to 17 h in patients with liver dysfunction. Historically,
acetaminophen dose for adults is 650-1000 mg taken every 4-6 h, not
exceeding 4 g/day, while in children, the dose recommended is 15
mg/kg 6 hourly, up to 60 mg/kg. In the year 2012, the US Food and Drug

1036

Toxicology Reports 9 (2022) 1035-1044

Administration suggested a maximum adult daily acetaminophen dose
of 3 g, not exceeding 650 mg every 6 h, as needed. McNeil Consumer
Healthcare, manufacturer of Tylenol brand of paracetamol, has also
implemented further reduction of the maximum recommended daily
adult dose of its 500 mg tablet to 3 g, and 3.25 g for its 325 mg Tylenol
tablet [34]. Ingesting more than 7.5-10 g of acetaminophen over a
24-hour period increases the risk for developing
acetaminophen-induced hepatotoxicity. Alternatively, the risk of hepa-
totoxicity is heightened in patients consuming more than 4 g over 24 h
that also have one or more susceptibility risk factors such as malnutri-
tion, chronic use of alcohol, fasting, and use of P450-inducing drugs)
[33,35,36]. The minimum dose of acetaminophen that can cause toxic
effect in children for a single acute ingestion is 150 mg/kg. However, it
has been suggested that in children between the ages of 1-6 years who
are healthy, this value should be increased to 200 mg/kg due to the less
susceptibility to hepatotoxicity from acute acetaminophen toxicity in
this age bracket. In this age group, a relatively larger hepatic mass (from
the ratio of organ weight to total body weight) and variation in meta-
bolism may contribute to decrease in hepatic bioactivation capacity and
more efficient detoxification and elimination of toxic intermediate of
acetaminophen [37].

When a therapeutic dose is administered, paracetamol is metabo-
lized primarily (about 90%) through "first pass" metabolism in the liver
via glucuronidation and sulfation [3]. Approximately 2% is excreted
unchanged in the urine [35]. In addition, a small fraction (5-15%) of
paracetamol is metabolized by CYP450 enzymes (mostly the CYP1A2,
CYP2E1, CYP3A4, and CYP2A6 isoforms). This reaction results in the
production of N-acetyl-p-benzoquinoneimine (NAPQI), a reactive in-
termediate of very high toxicity [3,38]. Glutathione reduces NAPQI to
nontoxic mercaptate and cysteine compounds, which are then safely
excreted by the kidneys or bile [12]. However, when there is an over-
dose, the primary means of paracetamol metabolism (phase II conju-
gation) may become saturated, and more of the paracetamol metabolism
is diverted into the CYP450 route, resulting in more accumulation of
NAPQI [3,39]. Paracetamol overdose also results in depletion of gluta-
thione stores. A depletion in glutathione level below 30% of normal
causes NAPQI binding to hepatic macromolecules resulting in
dose-dependent, potentially irreversible hepatic necrosis [3]. The glu-
curonidation capacity of the liver depends on the stores of carbohydrate
such that in malnourished individuals, more paracetamol will be con-
verted to NAPQI. Glutathione stores is also dependent on nutritional
status, as malnutrition leads to its depletion [23]. In addition, gluta-
thione level is reduced in alcoholics and HIV patients ([12].

It has been suggested that paracetamol poisoning may cause another
episode of tissue injury that does not depend on its metabolism but
rather caused by activation of the immune system, particularly the
innate immune system [40-43]. Due to the occurrence of massive he-
patocyte death over a period of time, rapid innate immune response is
activated. This results in activation of Kupffer cells via toll-like receptors
by damage associated molecular patterns (DAMPs) released from
necrotic hepatocytes. The Kupffer cells then produce pro-inflammatory
cytokines and chemokines that generate a systemic inflammatory reac-
tion which involves migration of myeloid effector cells to the liver [7,
44]. Although controversial, neutrophils have been postulated to cause
tissue damage via the formation of reactive oxygen species and the
release of proteases [45].

The hepatotoxicity of paracetamol has been established as a major
cause of acute hepatic failure [7]. In fatal cases in which paracetamol
induce fulminant hepatic failure, the major causes of death are cerebral
oedema or sepsis, in the early phase, and multiorgan failure later [46].
Although paracetamol-related fatalities have been mostly attributed to
hepatic failure due to massive centrilobular necrosis in association with
renal tubular necrosis, some cases of heart toxicity have been reported
[47]. Autophagy has been reported to play very important role in
paracetamol-induced liver injury. Autophagy is a highly conserved
intracellular pathway for degradation aimed at recycling cellular
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constituents and damaged organelles in response to adverse environ-
mental conditions and stresses as a survival strategy. Pieces of evidence
suggest that autophagy is activated in response to paracetamol overdose
in specific areas of the liver thereby protecting against
paracetamol-induced liver injury [48,49].

1.4. Clinical presentation

Initial symptoms of paracetamol toxicity are often not specific, mild,
and do not adequately forecast subsequent liver toxicity [35,50]. Clin-
ically, paracetamol poisoning is often subdivided into four stages [35,
511.

Stage I: (30 min to 24 h). Individuals may show no symptoms or may
have symptoms such as nausea, emesis, malaise, lethargy, diaphoresis,
and pallor.

Stage II: (24-72 h). The clinical and laboratory signs of hepatotox-
icity and, sometimes, nephrotoxicity become obvious [35]. Symptoms
may include vomiting, in addition to pain in the right upper quadrant
and hypotension [12,51]. Sometimes, aminotransferases may rise as
early as 8-12 h after paracetamol ingestion in severely poisoned patients
[35].

Stage III: During this stage (72-96 h), there may be significant he-
patic dysfunction with kidney failure, coagulopathies, jaundice, hyper-
ammonaemia, bleeding diathesis, and hepatic encephalopathy
(confusion) [35,51]. There may be reappearance of Gastrointestinal
symptoms. Death is commonly seen at this stage, mainly as a result of
multiorgan system failure [52]. Symptoms of severe hepatotoxicity
involve plasma ALT and AST levels often greater than 10,000 IU/L,
prolongation of the PT or INR, hypoglycaemia, lactic acidosis, and a
total bilirubin concentration greater than 4.0 mg/dL [35].

Stage IV (4 days to 3 weeks): This is the recovery phase for patients
who survived stage III, usually beginning from day four and completed
at about the seventh day after paracetamol overdose. In patients who are
seriously ill, recovery can be slower; symptoms and laboratory values
may not fall into normal rages for weeks. Histopathological changes in
the liver differ from cytolysis to centrilobular necrosis, and restoration of
histology may take up to three months after clinical recovery [35].

1.5. Diagnosis

Diagnosis of paracetamol poisoning is predicated on serum levels of
the drug, even in the absence of symptoms. Serum level above 140 ng/
mL at 4 h from ingestion is considered toxic. If the levels fall within toxic
range based on the Rumack-Matthew Nomogram, then antidote treat-
ment should commence. The nomogram interprets the blood paraceta-
mol concentration by using plots of concentration against time after
overdose [53]. In order to use the nomogram properly, the serum levels
must be measured between 4 and 24 h from the time paracetamol was
ingested, and only applies to single acute ingestion [54-56]. However,
due to the short half-life of paracetamol (2 h), only few patients with
acute liver injury will reveal the parent compound in blood [57,58].
Blood paracetamol concentration is only a surrogate biomarker of liver
toxicity which can result in patient overtreatment; if left untreated, a
large population of patients may not have significant hepatic injury
[59]. Paracetamol adducts in plasma, are particularly useful for diag-
nosis of paracetamol ingested at multiple timepoints or greater than 3
days prior to medical care [60,61]. Urinalysis, EKG, and a metabolic
panel may also be needed [12]. Some important differential diagnoses
should be taken into consideration when dealing with paracetamol
poisoning. They include: hepatorenal disorders, viral hepatitis, pancre-
atitis, cytomegalovirus infection, gastroenteritis, and peptic ulcer
among others [12].
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1.6. Serum Alanine aminotransferase (ALT) activity, a biomarker of
paracetamol liver toxicity

Serum ALT is routinely used in the diagnosis of hepatic injury
following paracetamol overdose, and has been validated by years of
clinical experience [53,62]. Evaluation of serum ALT activity is rela-
tively cheap and commonly used in most laboratories in the hospital. At
the initial presentation to hospital, patients with paracetamol poisoning
who exhibit acute liver failure almost always have an increase in serum
ALT activity (probably due to their late report to the hospital), there-
after, they show rapid increases in ALT [63,64]. This biomarker is useful
for identification of patients with fatal liver toxicity that necessitates
emergency liver transplantation if they show other symptoms of hepatic
failure like coagulopathy, encephalopathy or acute renal injury [53]. In
order to confidently exclude hepatotoxicity, at least a 24-hour delay is
required between overdose with paracetamol and evaluation of ALT
(this may have a negative impact on the patient due to increased length
of stay in the hospital, and delay in patient profiling for emergency
treatment). An additional drawback with the use of ALT as biomarker of
paracetamol poisoning is the likelihood of false-positive results, given
that increases in serum ALT activity also occur with several other liver
pathologies [63]. Also, increase in serum ALT activity is seen with
extreme exercise and rhabdomyolysis as ALT is present in muscle [65].

1.7. Upcoming sensitive and specific biomarkers of hepatotoxicity

Prevention of liver toxicity is the critical clinical outcome for treat-
ment of paracetamol poisoning. Hence, there is increasing need for new
biomarkers whose primary focus should be on directly reporting liver
injury instead of using surrogate markers [53]. Sensitive biomarkers
may prove useful in early detection of hepatotoxicity with greater cer-
tainty, and equally identify potentially fatal cases of liver injury which
cannot be identified by current biomarkers, thereby helping to reduce
hospital bed occupancy and adverse effects from unwarranted treatment
with antidotes [53]. Researches aimed at bridging the gap between
clinical and preclinical studies has led to the development of prospective
drug-induced liver injury (DILI) biomarkers [66]. They include bio-
markers that are liver specific such as the microRNA-122 [67,68] or that
give information on the mechanism of cell death, for example the
high-mobility group box-1 (HMGB1) and keratin-18 (K18) biomarkers
[53]. A cohort study in humans has demonstrated evidence for the use of
miR-122, HMGB1 and K18 as biomarkers of paracetamol-induced he-
patic injury, prognostic evaluation and assessment of outcome for the
patient [69,70].

1.8. Treatment of acetaminophen toxicity

Management of acetaminophen toxicity is a function of the time of
ingestion of the drug. If the patient is presented within an hour of
poisoning with the drug, gastrointestinal decontamination may be car-
ried out. In patients who are conscious, use of activated charcoal may be
necessary. However, the use of whole bowel irrigation or orogastric
lavage has been reported to be ineffective [12,71-73]. Those showing
elevated levels of paracetamol should be admitted and treated with the
antidote, N-acetyl-cysteine (NAC) [([12]]. The antidote helps in
replenishing liver glutathione level, thereby increasing the safe detoxi-
fication of N-acetyl-p-benzoquinone imine, NAPQI [74]. NAC also works
by preventing NAPQI from binding to macromolecules of the liver,
acting as a replacement for glutathione, sulfate precursor, and can
reduce NAPQI back to acetaminophen [12]. When given immediately
after acetaminophen ingestion (approximately within 8 h), N-ace-
tyl-cysteine is very effective and can prevent significant liver injury
[75]. However, the efficacy of N-acetyl-cysteine substantially declines if
treatment is delayed [53]. Hence therapeutic effectiveness is highly
dependent on when treatment with the antidote is initiated in relation to
time of poisoning. N-acetyl-cysteine is therapeutically indicated when
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serum levels are within range of toxicity using the Rumack-Matthew
nomogram; when acetaminophen level is above 10 pg/mL when the
time of ingestion is unknown; when a dose of acetaminophen above 140
mg/kg was ingested at time greater than 8 h; and ingestion showing any
symptoms of hepatotoxicity [76]. NAC can be given either intravenously
or via oral route. The oral formulation has a foul rotten egg odour and
taste hence, the intravenous administration is better tolerated by pa-
tients, and has been known to reduce the period of hospital stay.
Additionally, while the oral formulation requires about 18 doses
administered every 4 h, resulting in total treatment time of 72 h, the
intravenous route requires only 20 h of therapy, and is the preferred
route in pregnant patients, unconscious patients, and in the case of
fulminant liver failure [12]. N-acetyl-cysteine administration should
still be carried out in patients presenting 24 h after the ingestion of
paracetamol as it may enhance survival. Hemodialysis may also be
effective, especially when concurrent renal failure exists [12]. Dosage
adjustment is not necessary in alcoholics, and redetermination of para-
cetamol levels is also not required after treatment has started. However,
some clinicians administer a loading dose of NAC immediately after
hospital arrival if there is an indication (from the patient or family
member) that a very large single dose was ingested, pending the
determination of blood levels of paracetamol. Then, based on blood
levels, the remaining course of NAC treatment is decided upon. Where
there is fulminant hepatic failure, N-acetyl-cysteine should be continued
beyond the 72-hour period until liver transplant is carried out, patient’s
full recovery or death [77,78]. If diagnoses and therapy are carried out
early, mortality from paracetamol poisoning is below 2%. On the other
hand, if patient shows up late and with signs of serious hepatic failure,
mortality is higher [12]. About 1-3% of patients who developed severe
hepatic failure requires liver transplant to save their lives [79-81]. The
overall prognosis depends on parameters such as: Creatinine levels
above 3.4 mg/dL, arterial blood pH below 7.3 despite adequate fluid
hydration, presentation with grade 3 or 4 encephalopathy, and pro-
thrombin time above 1.8 times the control or an international normal-
ized ratio, INR greater than 6.5 [12]. Generally, children below 6 years
have better prognoses than adults, primarily due to their greater ability
for detoxification of paracetamol [12]. This work aims at examining the
likelihood of paracetamol use at a maximum recommended daily adult
dose of 4 g in Nigeria causing more liver toxicity relative to a lower
maximum daily adult dose of 3 g emphasized in the United States of
America.

2. Methods
2.1. Searching of data base, search strategy and selection criteria

Online searches were carried out in the databases of PubMed, Google
Scholar and MEDLINE for relevant literature using terms such as
"paracetamol toxicity," "hepatotoxicity of acetaminophen," "paracetamol
and liver diseases in Nigeria," "causes of liver disorders," "liver failure
and paracetamol." Further search of related references in PubMed was
carried out, in addition to searching the website of the National Agency
for Food and Drug Administration and Control (NAFDAC) for updates on
paracetamol toxicity. There was no restriction on date of publication.
Final search was carried out on October 31, 2021. Further steps involved
screening of searched results with their titles and abstracts read for
eligibility. Full texts of all eligible publications were obtained with the
application of inclusion and exclusion criteria to determine suitable
articles used in this review. Findings obtained from the selected studies
were summarized in a narrative synthesis.

2.2. Inclusion and exclusion criteria
Studies involving human beings, and those involving liver injury or

hepatotoxicity in actual human tissue samples, including case reports,
mechanistic studies, observational studies and randomized-controlled
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trials were included. Studies carried out in laboratory animals, and
those not published in the English language were excluded.

3. Results
3.1. Search results

The initial search returned One hundred and seventy-eight (178)
studies. After screening of the abstracts and titles, exclusion of 59 arti-
cles was carried out for being irrelevant (n = 43), nonavailability of full
texts (n = 13), not available in English (n = 1), duplicates (n = 2). Full
texts of the remaining 103 articles were further reviewed, resulting in
the exclusion of 9 other publications, thus leaving 94 studies that were
used in this review (Fig. 1).

3.2. Some incidents and pattern of hepatic diseases in Nigeria

The pattern of liver disease varies from one geographical location to
another. It also depends on several factors including genetic, lifestyle,
and the environment [82]. Non-Caucasian race has been postulated have
higher overall 21-day mortality, which may be a reflection of the dif-
ferences in accessing healthcare or liver transplantation, or the result of
genetic differences in the biotransformation and disposition of para-
cetamol [19]. In several countries of Africa including Nigeria, there is
scarcity of reliable data about the risk factors, hepatic disease admis-
sions, and causes of morbidity and mortality [82]. Deaths due to liver
disease in Nigeria reached 60,044 or 3.10% of the total deaths, making
Nigeria the second country in the world with age adjusted death rate of
64.44 per 100,000 of population [83].

According to [82], death associated with hepatic disease is very high
in Nigeria and is a common cause of hospital admissions. They reported
138 (47.6%) deaths among people with hepatic disease admitted into a
major hospital in Ile-Ife, South-West of Nigeria, between 2013 and 2017.
They stated that out of a total number of 5155 patients on admission in
the hospital, hepatic disorders accounted for about 324 (6.3%) within
the 5-year period under review. A breakdown of the report showed that
hepatocellular carcinoma (HCC) accounted for 52.8%, followed by
27.2% for liver cirrhosis (LC), metastatic hepatic disease was 4.1%,
acute hepatitis (10.38%), autoimmune hepatitis (1.7%), drug-induced
liver injury, DILI (0.7%), abdominal tuberculosis (1.4%), liver abscess
(1%), and unknown aetiology (1.76%) [82]. Apart from infectious
agents, gastrointestinal and liver diseases were also reported to be the
major causes of death in a different hospital, South-West of Nigeria [84].
In another report, hepatitis B was implicated as the commonest cause of
hepatic disease in Nigeria [85]. In the city of Calabar, south-south zone
of Nigeria, another report gave the prevalence rate of 62.3% and 12.3%
for hepatitis B and C, respectively, in chronic hepatic disease [86].
Another retrospective study whose aim was to determine the pattern and
risk factors of hepatic disease was conducted in a University Teaching
Hospital located in Enugu state of Nigeria. The researchers in their
report stated that diseases of the liver constituted 7.9% of hospital ad-
missions and hepatocellular carcinoma and liver cirrhosis were
responsible for 44.3% and 20.4%, respectively. This study also reported
that consumption of alcohol (52.1%), hepatitis B virus (49.4%), roots
and herbs consumption (45.5%), smoking (30.1%) are factors that
predispose to liver diseases [87].

There are also some reports on the pattern of liver diseases among
children in Nigeria. One of them is a retrospective study of children aged
less than 16 years, under management for five years (2009-2014) in the
department of Paediatric gastroenterology, hepatology and nutrition
(PGHAN) clinic and the Emergency paediatric unit of the national hos-
pital located in Abuja, the nation’s capital. The commonest aetiology in
this study was reported as viral hepatitis, particularly hepatitis B
infection [88]. Infections of hepatitis C were also recorded in this study.
These were less common in frequency. The study also reports that some
of these paediatric patients had hepatic diseases of unknown cause, with
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Fig. 1. Flow diagram of study selection PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses).

the majority showing complete resolution and were discharged. Another
pattern of childhood liver diseases was a 25-year (1986-2010) retro-
spective study involving all the liver biopsies from children received
from the pathology department in the university of Benin teaching
hospital, Benin city, south-south Nigeria. In this study, childhood liver
diseases constituted 8.9% of all the liver biopsies received at the hos-
pital’s pathology unit. The study reported that the leading causes of
childhood chronic liver diseases were inflammatory disorders and tu-
mors (33.3%), cirrhosis/ fibrosis (28.6%) and metabolic diseases
(4.8%). Hepatitis (made up of neonatal hepatitis, giant cell hepatitis and
viral hepatitis) constituted 33.3% of the cases [89]. In Nigeria and other
West African sub-region, the most common aetiology of liver diseases
from available reports is hepatitis B virus, with figures between 36.7%
and 64% [82,87,90]. This increased in prevalence of hepatitis B in
Nigeria may be as a result of a low hepatitis B virus vaccination and
unwholesome procedures seen with scarification marks and injections
administered by unqualified healthcare workers [82]. Sometimes hep-
atitis could be classified as idiopathic, non-specific or reactive with no
identifiable aetiology [88,91].

3.3. The unique case of dangerous and unapproved use of paracetamol in
Nigeria

The Nigerian regulatory body known as the National Agency for
Food and Drug Administration and Control (NAFDAC) in its Public Alert
No. 0023/2019, titled "Alert on Dangerous and Unapproved Use of
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Paracetamol Tablets in Food Preparation," alerted the population about
the dangerous and adverse health effects associated with the use of
paracetamol tablets to soften meat used in preparing foods [92]. The
agency cautioned members of the public, particularly owners of res-
taurants to refrain from using paracetamol tablets to soften meat. It
emphasized that such practice renders the food unsafe for human con-
sumption, as the paracetamol will be broken down to a toxic material
that can cause detrimental health effects such as hepatotoxicity, renal
failure, and untimely death with the consumption of such foods.

4. Discussion

Paracetamol may be more harmful than Nigerian users think, since
even at a lower maximal daily adult dose level of 3 g recommended in
the United States of America, paracetamol remains the main culprit in
liver failure and liver transplant. Also in the United States, paracetamol
was reported to increase the risk for liver transplantation as a result of
acute liver injury in non-overdose levels by three folds, and seven-folds
in overdose levels of exposure [93]. Paracetamol overdose was also
responsible for 97% of all incidents of drug overdoses associated with
acute hepatic failure [94].

In Nigeria, most formulations of paracetamol, especially the solid
dosage forms, which are frequently prescribed or obtained over-the-
counter come in 500 mg strength and taken at 1000 mg every 6-8 h,
or on as "'when needed’ basis by adults. The famous physician, Para-
celsus (1493-1541) credited, "The Father of Modern Toxicology", said:
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"What is there that is not poison? All things are poison and nothing is
without poison. Solely the dose determines that a thing is not a poison."
By suggesting that a "lower dose’ prevents adverse effects, Paracelsus
had laid the foundation for the today’s differentiation of the terms risk
and hazard [95]. This is important given the report that paracetamol is
hepatotoxic in a dose-dependent fashion and is implicated in almost
50% of all cases of acute hepatic failure in the United States, the United
Kingdom and in other western nations [96,97]. As an additional pre-
caution to further stem the tide of paracetamol hepatotoxicity, some
National Health Service organizations in the United Kingdom have
suggested that a lower dose of paracetamol taken orally should be used
in those with body weights less than 50 kg [23]. Historically, the
maximum dose of paracetamol to be taken daily by adults is 4 g, while in
children below 12 years and/or below 50 kg, the maximum dose given
daily is 75 mg/kg. However, producers of the brand of acetaminophen
known as Tylenol (McNeil Consumer Healthcare) have reduced the
maximum dose recommended for adults of its 500 mg tablet formulation
to 3 g, and that of its 325 mg tablet to 3.25 g daily [37].

High rates of accidental and intentional paracetamol poisoning,
especially in children calls for increased public awareness of the risks
associated with paracetamol overdose [15,98,99], especially at the
current therapeutic dosage regimen used in Nigeria. There is paucity of
published literature on the subject matter of paracetamol poisoning
which is an indication of dearth of case reports by emergency de-
partments in Nigeria. This erroneously leads to under reporting of liver
disorders that may be caused by paracetamol poisoning, or categorizing
such disorders as being due to unknown aetiologies. In Nigeria, diag-
nosis of liver diseases involved using clinical symptoms, CT scans, ul-
trasonography of the abdomen, liver function tests, viral hepatitis
serology, and hepatic biopsies [82]. Determination of blood paraceta-
mol concentration was rarely reported, thus excluding acetaminophen
poisoning as one of the likely causes of hepatic disorders in Nigeria. This
may be attributable to the lack of adequate investigative capacity for
assay of blood paracetamol concentration due to lack of advanced lab-
oratories and financial constraints. The aetiology of liver injury is a
major determinant of transplant-free survival in patients with acute
hepatic  failure [20]. About 75% of individuals with
paracetamol-induced acute hepatic failure attain full recovery, in com-
parison with about 40% of patients with acute hepatic failure from other
causes. Apart from paracetamol, other causes with better transplant-free
survival include: those with hepatitis A (56% transplant-free survival),
ischaemic liver injury (74%), and pregnant women with gestational
cholestasis (83%). On the flip side, etiologies with low transplant-free
survival include hepatitis B virus (26%), drug-related hepatic injury
(41%), autoimmunity (25%), and unknown causes (33%) [57].

Several factors may contribute to enhanced paracetamol hepatotoxic
potentials. In Nigeria, several over-the -counter and prescription medi-
cations contain paracetamol in combination with other active in-
gredients. The paracetamol contents in these products are variable, and
maybe up to 500 mg per unit dose. For example, the cold medication
market under the brand name, Procold® contains 500 mg paracetamol
in combination with pseudoephedrine HCl 30 mg, and chlorphenir-
amine maleate 2 mg. A report from two investigators, Ejeikwu and
Folashade [2] while evaluating the risk perception of paracetamol usage
by the University of Jos undergraduate students in north-central Nigeria,
stated that most of the students did not know that simultaneous use of
paracetamol and Procold® constitutes any health hazard. Infants and
children are particularly vulnerable to paracetamol overdoses due dif-
ferences in dosing schedules and the multiplicity of preparations with
varying strengths of paracetamol [11,100]. The simplest way to un-
knowingly overdose children with paracetamol is to give it simulta-
neously with many colds, cough, and teething drugs which may all
individually contain different strengths of paracetamol [100].

There is a rise in report of fatal overdoses involving acetaminophen
combination products to the United States poison centers [46] where
acetaminophen is commonly combined with opioids, antihistamines,
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dextromethorphan, decongestants, and caffeine [46,101]. The American
Association of Poison Control Centers reported that acetaminophen
combination products were associated with 48% of paracetamol-related
fatalities [102]. The combination products responsible for most fatalities
are those containing acetaminophen and opioids. However, after thor-
ough investigation of several deaths arising from ingestion of acet-
aminophen combination products reported to the United States Poison
Centers, it was affirmed that acetaminophen was actually responsible for
patients’ death, and not the combination products [46]. After the 2009
Advisory Committee meeting, the United States Food and Drug
Administration (FDA) released a statement in January 2011 that any
prescription formulation of acetaminophen combined with other drugs
(particularly oxycodone- or hydrocodone-acetaminophen) marketed
after January 2014 should contain only 325 mg per tablet as against the
previous formulations that contained 500, 650 or 750 mg of acetamin-
ophen per tablet [103]. In addition to this specification currently in
effect in the United States, current package labeling must include ‘severe
liver injury’ warning as a likely outcome, if more than 4.0 g is taken
within 24 h, or with other acetaminophen-containing substances or
alcohol. In Nigeria, formulations containing combinations of paraceta-
mol and narcotic analgesics in excess of 325 mg of paracetamol per
tablet are common, for example, Co-codamol 8/500 mg tablet which
contains 8 mg codeine phosphate and 500 mg acetaminophen. The use
of such drugs may constitute a major source of paracetamol toxicity,
especially in individuals who may develop tolerance and dependence as
a result of the narcotic ingredients in these formulations, and may
choose to arbitrarily increase the dose. The problem with these combi-
nation formulations tends from the fact that majority of those who take
them may not have the requisite knowledge, or are reluctant to read the
inserts or packaging labels to know whether these preparations contain
paracetamol. Additionally, many users have no information or may not
understand the ‘maximum recommended daily dose’ concept, and are
unaware of the likelihood for developing liver toxicity with increased
dose, despite being cautioned and appropriate dose recommendations
on the drug label or package inserts [3].

Another factor that may contribute to paracetamol toxicity in Nigeria
is the over-the-counter (OTC) status of paracetamol. Just like in many
other countries, acetaminophen is not a controlled medication in Nigeria
and users do not require a prescription from physicians before getting it.
This has resulted in increased self-medication and indiscriminate use of
this drug, leading to possible health hazards among users that are likely
to be uninformed of their possible adverse effects. Self-medication is
commonly practiced and may be the cause of several cases of paracet-
amol poisoning [3]. Apart from the usual acquisition of several drugs
over-the-counter in the pharmacy or from patent medicine vendors,
self-medication practice and indiscriminate use of drugs are seen with
the occasional use of an ‘endorsed’ medication or the patient going for
an unused or remaining drug purchased for treatment during past ill-
nesses [104]. The study conducted by Ejeikwu and Folashade [2] among
undergraduate students in a Nigerian university reported that a signif-
icant population of participating students had used paracetamol on 40 or
more occasions in their lifetime, and majority of them had no under-
standing that self-medication with paracetamol can be harmful. In
addition, most of the students had no knowledge of paracetamol con-
traindications in hepatitis and liver cirrhosis. On the whole, many of
these individuals exhibited poor risk perception of paracetamol use.
Salami and Adesanwo [105] who examined self-medication practice
among mothers of children below 5 years in Ibadan, south-west Nigeria
had reported that 53.4% of mothers employed self-medication as their
first action when the children became ill.

Another study was aimed at identifying the several patterns of self-
medication seen with caregivers to children below 5 years in Osun
and Lagos states of Nigeria. In the urban environment, it was reported
that pattern of self-medication tended towards the use of majorly
paracetamol and herbal preparations. Paracetamol was predominantly
used among the caregivers to the under-five children to treat fever. This
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was attributed to the existence of hospitals, pharmacies, and patent
medicine shops in the urban area [106]. Another side of the study
showed that participants in the rural environment had inadequate or no
access to medical care as they were non-existent. Hence, the engaged in
self-medication using traditionally produced herbal concoctions, some
western medicines that contain paracetamol in combination with other
ingredients, and faith-based practices which involved prayer and fast-
ing, use of spiritual water, and anointing oil.

In another scenario, an observational prospective study involving
231 children aged between 6 weeks and 16 years was conducted at the
paediatric outpatient clinic of the University of Nigeria Teaching Hos-
pital, Enugu, south-east Nigeria, from June to November 2011, to
examine paediatric paracetamol use and/or misuse patterns. These re-
searchers reported that most of the paediatric paracetamol usage were
self-prescribed, with possibility of misuse and overdosing. These ob-
servations were attributed to readily accessibility and availability of
paracetamol, illiteracy and poverty [100]. Majority of the paediatric
users 175 (75.6%) were given paracetamol at home before being taken
to the clinic and most of the caregivers (71.2%) used previous experi-
ences to determine the dose of paracetamol. Although paracetamol use
is generally safe in therapeutic doses, cases of liver toxicity have been
seen with recommended dosages among the paediatric population in
developing countries [107]. Other factors that predispose to chronic
paracetamol poisoning include repeated ingestion of elevated doses, as
well as repeated ingestion of recommended doses within short time in-
tervals [108].

Another important factor that may predispose some individuals to
paracetamol toxicity is poor nutritional status [7]. Malnutrition is a
major public health issue, in developing nations, including Nigeria,
where 90% of the world’s malnourished children live [109,110].
Malnutrition is seen as either micronutrient malnutrition or
protein-energy malnutrition [111]. Malnutrition (acute and chronic)
may result in an increased tendency to paracetamol poisoning, partic-
ularly if multiple doses are ingested concurrently [23,112]. Incidents of
compromised nutritional status can also be seen from fasting for a long
time, eating disorders, HIV, cystic fibrosis, gastroenteritis and chronic
alcohol intake [37]. It has been postulated that a malnourished state
depletes hepatic glutathione, thereby reducing the capacity for detoxi-
fication of NAPQ], leading to increased risk of toxicity [23,113]. Hepatic
glucuronidation is usually dependent upon hepatic carbohydrate re-
serves. In the fasting or undernourished state, glucuronidation of para-
cetamol is reduced, leading to enhanced microsomal metabolism and
increased production of the toxic NAPQI metabolite [35,113]. Malnu-
trition may be a direct result of hepatic diseases, with overweight and
obesity as predisposing conditions for the liver disorders [88]. From
demographics, males and children with lower socioeconomic statuses
are more vulnerable to hepatic diseases [114-116]. The fact that cau-
sality has not been proven has brought controversies surrounding the
role of malnourished state as a predisposing factor in paracetamol
poisoning [23,117,118].

Miscalculation of dosage and inadequate knowledge of timing of
dosage have also been implicated as one of the reasons behind some
cases of severe liver injury or even deaths from acetaminophen usage
[15]. Acetaminophen dosage forms include the oral dosage (tablets,
capsules, syrup, or drops), injectable, and suppositories (for rectal use).
Oral route is preferable in children by caregivers. The liquid form is
commonly used for being more precise in right dose estimation [15].
Most parents have been reported to use syringes to measure the dose of
acetaminophen syrup, while some reportedly used inaccurate measures
such as teaspoons, tablespoons, and regular kitchen spoons [15,119].
This may be another reason for the increased incidents of incorrect
dosing of acetaminophen in the paediatric population by caregivers
[15]. A study which evaluated patterns of acetaminophen use and
misuse among children in Enugu, South-East Nigeria had reported that
apart from only two children who were given injectable acetaminophen,
oral route was preferred 228 (98.9%). The oral dosage forms used were
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49.2% for tablet, 38.7% for syrup, while 28 12% were given both syrup
and tablet [100].

It has been suggested from case reports and retrospective studies that
chronic intake of alcohol tends to increase paracetamol poisoning risk,
even with therapeutic drug doses [23,120,121]. Concerns around
increased susceptibility to paracetamol poisoning from chronic intake of
alcohol was the rationale behind the consideration for use of NAC in
therapy of paracetamol poisoning where risk stratification was recom-
mended [122]. Chronic consumption of alcohol tends to increase sus-
ceptibility to paracetamol poisoning due to CYP2E1 induction, resulting
in decrease in hepatic glutathione stores that culminates in reduced
detoxification by NAPQI or reduction in the glucuronidation pathway
[23,120,121,123,124]. In addition to higher NAPQI generation by
CYP2E1 induction, ethanol is also metabolized to a free radical inter-
mediate by this iso-enzymatic form of cytochrome P450 (CYP2E1). The
free radicals generated bind to microsomal protein, especially the
CYP2E1 itself, resulting in lipid peroxidation which may cause
ethanol-induced hepatotoxicity [125]. However, prospective studies in
controlled clinical trials have found no relationship with chronic intake
of alcohol and increased susceptibility to paracetamol poisoning at
therapeutic doses [59,117,123,126-129].

In addition to the aforementioned, some prescription drugs and over-
the-counter medications are known to predispose a patient to acet-
aminophen hepatotoxicity. They include opioids, anti-seizure drugs,
anti-tuberculosis drugs, dietary supplements, such as garlic, St. John’s
wort, and germander, via their effects on CYP450 metabolism ([130];
Wang et al., 2016). The risk for hepatotoxicity is also affected by age,
with advanced age (above 40 years) associated with a higher risk of
acute hepatic failure, need for liver transplant, and death from acet-
aminophen overdose [131]. There is paucity of evidence suggesting
pregnancy as a risk factor for acetaminophen toxicity [132]. However,
usage of paracetamol during pregnancy should be monitored carefully,
since acetaminophen overdose is common during pregnancy, and the
resultant toxicity may lead to significant morbidity and mortality for the
pregnant mother and fetus [130,133].

5. Conclusion

It is rather surprising that in Nigeria, there is paucity of studies
involving paracetamol as an etiologic agent in the spectrum of liver
disorders given its status as the most used drug and pain medication.
Evaluation of liver diseases in Nigeria was predicated mostly on
constellation of clinical features, and limited laboratory investigations
that most often did not include blood paracetamol level determination.
In addition, literature reports on intentional and unintentional para-
cetamol poisoning episodes in this world’s most populous black nation
are scanty. In Nigeria, rampant use of the commonly available 500 mg
strength of acetaminophen coupled with the tendency to surpass the
recommended maximum dose of 3 g per day, may increase its risk for
hepatotoxicity than observed in the United States of America known for
emphasizing lower dose regime of the drug. There may be need to
investigate the effectiveness of paracetamol at lower dose level, as well
as its toxicity at the current dose regime used in Nigeria. Community and
hospital Pharmacists should counsel individuals taking paracetamol not
to surpass the new maximum recommended adult daily dose, to take
paracetamol when absolutely needed, and emphasize its hepatotoxic
potentials. In Nigeria, the regulatory agency, NAFDAC should consider a
reduction in the content of paracetamol in fixed-dose combinations to
325 mg, in addition to reducing the total number of tablets or capsules of
each unit dispensed pack in these combination products.
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