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Acetaminophen (APAP), also known as Paracetamol, is a common analgesic and antipyretic medi-
cation widely prescribed worldwide. Although medical practitioners generally consider it a safer
medication with fewer adverse effects than those of other medications, it is responsible for nearly
50% of acute liver failure cases in the USA, and many others side effects such as hypotension and
2. Keywords renal impairment. Because of that, on March 26, 2014, the FDA and the pharmaceutical indus-
Acetaminophen; paracetamol; try took ac'fion to protect consumers by .formally withdrawing all prescription combination drug
male; female products with more than 325 mg acetaminophen from the market.
Furthermore, research has shown that the incidence of some side effects varied between men and
women, causing scientists to inquire if there is a difference in the metabolism of the drug and how
it could be related to the outcomes on the two groups. The present review aimed to research APAP
overdose and metabolism, making possible to group and analyze the distinct effects of the drug

on both sexes

3. Introduction syl transferase (20%-46%) and sulfo transferase (20%-46%) into

acetaminophen glucuronide and acetaminophen sulfate, respec-
Acetaminophen (N-acetyl-p-aminophenol or APAP) also pheng P P
. e ) tively. Glucuronidation, sulfation, and subsequent renal excre-
known as paracetamol is a member of the aniline family of anal-
. . . . L tion normally remove about 85%-90% of a therapeutic dose of
gesics and despite the introduction of many new analgesics, it is
. . ) ) . acetaminophen [1]. However, after large doses of the medication,
still one of the most widely used analgesic- antipyretic agents [1].
these pathways can become saturated and the remainder of the

drug is metabolized by the hepatic cytochrome P450 (CYP2E1,
CYP1A2, CYP3A4 subfamilies) to the toxic intermediate, N-
Acetyl-P-Benzoquinoneimine (NAPQI) [3]. This metabolite can

It works by blocking prostaglandin synthesis from arachidonic
acid by inhibiting the enzymes cyclooxygenase (COX)-1 and -2
[1], leading to its analgesic and antipyretic effect [2].

For nearly half a century, APAP has been one of the most widely
used drugs. It can be found as a single component or combined
with other synergic prescribed drugs [3]. While opioids need a

prescription, paracetamol is sold over-the-counter.

APAP has well-established efficacy and is recommended as a
first-line treatment for mild to moderate acute pain [4]. Although
medical practitioners generally consider it a safer medication
with fewer adverse effects than those of other drugs, life-threat-
ening hepatic toxicity is a well-recognized adverse complication
in patients with large dose ingestion [3]. In the United States,
82000 emergency room visits and 26000 hospitalizations are at-

tributed to acetaminophen overdose annually [5].

The medication undergoes hepatic conjugation by glucurono-
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be detoxified by conjugation with glutathione (GSH); however,
an excess of NAPQI, after APAP overdose, depletes GSH and
binds to cellular proteins leading to cell death [6]. APAP maxi-
mum recommended therapeutic daily dose is 4 g for adults. Gen-
erally, toxicity results from 7.5 to 10.0 g for an adult dose [3].
APAP has not shown liver injury as its only side effect. Kidney
insults and hypotension have also been described. Furthermore,
a difference between male and female on acetaminophen toxic-
ity, efficacy, pharmacokinetic and pharmacodynamics has been
observed as well. Thereby, this article aims to analyze the het-
erogeneity of both sexes regarding acetaminophen’s metabolism

and effects.
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4. Methods

The literature search was conducted using articles from the pe-
riod of 2002 to 2018, in the databases PubMed. The keywords

» <«

“acetaminophen’, “side effects” and “gender” had been used. It
was selected 119 articles and the ones that did not compare the
effects of acetaminophen in men and woman or that did not have
statistical significance (p<0.05) were excluded. Additionally, the
bibliography of the selected articles have also been checked and

used in the review.
5. Results

The present research has found a significant difference (p<0.05),
between male and female, regarding the aspect of acetamino-
phen use and its outcomes. The review exhibits that APAP in-
duced acute liver injury and APAP induced acute liver failure
incidences are not the same on both sexes. Moreover, a trial us-
ing mice demonstrated an increased hepatotoxicity on male mice
compared to the opposite sex [6]; however, human studies have

gotten different results compared to animals [5].

Relative to pain management, male and female responses var-
ied depending on the origin of the painful stimuli. While female
shows a better renal pain management with APAP than male [7],
no statistically significant result could be achieved on orthope-

dics procedures [8].

On the purpose of better understanding this contrast between
genders, some studies have used in vitro human cells. An experi-
ment with human hepatocytes displays different responses on
female and male organelles when exposed to increasing doses of
APAP [9]. However, when using monocytes, no significant dif-

ference between the sexes is observed [10].

Pharmacokinetics and pharmacodynamics are also analyzed and
compared in this review, contributing to the understanding of

the different responses in the usage of APAP by both sexes.
6. Discussion
6.1. Pharmacokinetic and pharmacodynamics

It"s well established that paracetamol is almost exclusively elimi-
nated by conjugation into either paracetamol glucuronide or
paracetamol sulfate, while limited amounts are excreted in the
urine as unchanged paracetamol or undergo oxidation to result

in toxic metabolites (N-Acetyl-P-Benzoquinoneimine, NAPQI).

In a study, made by the Acute Liver Failure Study Group, 98 sub-
jects received two tablets of 500mg acetaminophen each and had
plasma samples collected at 1, 2, 3, 4, 5, 6, 8, 10, 12 hours and
4 days after the administration. the Pharmacokinetic of APAP

between genders is compared. The research demonstrates that
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shorter median half-life values are observed for acetaminophen,
acetaminophen glucuronide, and acetaminophen sulfate in
women compared with men. Lower median plasma metabolite/
acetaminophen bio availability is also observed for acetamino-
phen glucuronide and acetaminophen sulfate in women com-

pared with men [11].

These findings are consistent with gender-related differences in
drug and metabolite distribution rather than any effect on drug
clearance and/or metabolism. Lower weight-adjusted acetamin-
ophen volume of distribution has been previously reported in
women compared with men and is probably a reflection of the
relatively poor distribution of acetaminophen (and metabolites)
into fatty tissue, which tends to provide a higher proportion of
body weight in women than in men [12]. The results may point
to a possible correlation between differences in the metabolism

and outcomes of acetaminophen use on both sexes.

Another study [13], with 24 subjects, 8 males, 8 females not tak-
ing Oral Contraceptive Steroids (OCS) and 8 females taking OCS
containing ethinyloestradiol 0.03mg and levonorgestrol 0.15 mg,
searched for the influence of sex and use of oral contraceptive
steroids on acetaminophen metabolism. The subjects received
two tablets of 500 mg paracetamol each and saliva samples were
collected prior to and at 0.5, 1, 1.5, 2, 2.5, 3, 4, 6 and 8 hours after
drug administration. Urine was collected for 24h following the

paracetamol dose.

The research demonstrates that paracetamol clearance is 22%
higher in males (5.62 mL/min Kg) than in non-OCS females
(4.61 mL/min Kg), but half-life is not significantly different. The
volumes of distribution for paracetamol are lower in both female
groups compared to male, probably due to the greater amount of
fat in a woman and the relatively poor distribution of acetamino-

phen into fatty tissue.

The research also exhibits that metabolic clearance of the gluc-
uronide conjugate is 28 % higher in males, but there are no gen-
der-related differences in the renal clearance of paracetamol or
sulfate and glutathione-derived conjugates. Therefore, the result
is related to the increased activity of the glucuronidation path-

way in males.

Females taking OCS have a clearance 49 % greater than those
not taking the drug, and 22 % higher than in men (marginal
statistical difference p=0.06). Paracetamol half-life is also de-
creased in the first group. The reason for that is the induction of
UDP- glucurony transferase leading to the increase in the clear-
ance of glutathion-derived metabolites in OCS users. In contrast,
sulphation enzymes are not inducible, leading to no statistical

difference between groups regarding the clearance of their sub-

Copyright ©2018 Perez AC et al. This is an open access article distributed under the terms of the Creative Commons Attribution License,



Volume 1 Issue 3-2018

strates.

Paracetamol is bio transformed in the liver primarily by conjuga-
tion with glucuronic acid and sulphate, with a small proportion
of the dose being transformed by cytochrome P450 to a toxic
intermediate (NAPQI) which is detoxified by conjugation with
glutathione. Thereby, the induction of the last pathway could en-

hance acetaminophen's toxicity.

The clearance of the glutathione-derived products was signifi-
cantly greater in OCS users compared to non-pill using females.
Therefore, the oxidative metabolism of paracetamol, determined
as clearance of the glutathione-derived conjugates, was induced

in the OCS users compared to the control female group.

The results presented in the study suggest that OCS may be a
relative risk factor in the development of paracetamol-induced

hepatotoxicity in females [13].
6.2. Pain management

Acetaminophen can be bought as a single drug, or as part of a
combination of drugs. On end-stage disease conditions, the use
of opioids is limited by the belief that these drugs have severe
side effects including possible addiction. This has led to exces-
sive use of NSAIDs and APAP.

A randomized double-blind clinical trial was conducted in Al-
Zahra Hospital affiliated to the Isfahan University of Medical
Science (Iran) in 2012. They have studied 124 patients assigned
in two groups, one receiving acetaminophen and the other re-
ceiving morphine, both for the treatment of renal colic pain. On
the APAP group, the assigned patients received 15 mg/kg during
15 minutes and a visual analog scale rating the amount of pain
from 0 to 10 was used. Relative to this scale, females have expe-

rienced a bit more pain relief than males [7].

Another randomized study that evaluated pain management af-
ter major orthopedics surgery did not show the same result as
the above study. 101 patients were dived into two groups. The
first group was composed of 49 patients receiving 15 minutes
intravenous (IV) infusion of 1g of acetaminophen, while the
second group, composed of 52 patients, received placebo. Both
could have on-demand patient control opioids. The placebo
group had time to rescue medication of 48 minutes, while the

other group had a time of 3 hours.

However, in the APAP + morphine group, gender did not appear
to influence significantly the analgesics efficacy observed with
IV APAP [8].

6.3. Toxicity and liver failure

A retrospective population-based study covered all patients that
attended the National University Hospital (NUH) in Iceland be-
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tween January 1%, 2004 and December 31%, 2009 with overdose
or liver injury, as identified by the computerized hospital data-
base. In this study, the mean sex-specific annual incidence for all
visits involving paracetamol overdose is 38 for females and 12
for males per 100,000 inhabitants. Furthermore, the range of re-
ported ingested paracetamol is 1-45 g. The median paracetamol
ingestion is for males 15 g and females 13 g. Despite that, gender
proportion developing Acute Liver Failure (ALF) is not signifi-
cantly different. They have also verified that young females with
intentional overdose account for most of the cases of acetamino-

phen intoxication [14].

A research using data of over 9 million beneficiaries receiving
care under the US Military Health System between 2004 and
2008 also shows that paracetamol overdose is more common in
females. People aged 15-17 and 18-24 are more likely to have an
overdose than those aged 45-64 [15].

Another study [5], using information from the prospective,
multicenter Acute Liver Failure Study Group (ALFSG) cohort,
aims to evaluate sex differences in the presentation and clinical
course of acetaminophen-induced Acute Liver Injury (ALI) and
Acute Liver Failure (ALF) and to secondarily compare overall
and transplant-free survival by sex. In this study, the scientists
demonstrated that women with acetaminophen-induced ALF
are more likely to have a psychiatric disease, to be taking psychi-
atric medications and to have an endocrine disorder. Further-
more, approximately half of patients with acetaminophen-in-
duced ALF have unintentional acetaminophen overdose (53%),
whereas 40% are suicide attempts (unknown intentionality in
the remaining 7%). Rates of suicide attempt are similar between
men and women, but a greater proportion of women have co-
ingestions with opioids, benzodiazepines, or diphenhydramine.
Regarding complications of ALF, females are more likely to have
high-grade Hepatic Encephalopathy (HE) at study entry and
during the 7-day follow-up period. Likewise, women are more
likely to be intubated in the study and during follow-up. Vaso-

pressor and mannitol use are also greater at study entry in this
group.

Additionally, female sex is associated with increased risk of se-
vere HE at both study entry and follow-up. On adjusted analysis,
co-ingestions in women confers a nearly 2-fold higher of severe
hepatic encephalopathy at both study entry and follow-up. In
contrast, there is no significant difference in risk of severe HE
in men by co-ingestion history at either study entry or follow-up

(5].
6.4. In vitro studies

An experiment has used Male (M), pre-menopausal female (3F),

and postmenopausal female (4F) cryopreserved human hepato-
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cytes, derived from 12 donors per group to compare the effect
of Diclofenac, Chlorpromazine, Verapamil, Acetaminophen,
Omeprazole, and Caffeine in those cells. In this study, the scien-
tists observed in vitro differences related to the amount of ATP,
nuclear intensity, reactive oxygen species formation, mitochon-
drial damage, endoplasmic reticulum status, plasma membrane
permeability, and accumulation of intracellular calcium in the

hepatocytes exposed to those drugs.

6.4.1. ATP: Male (M), pre-menopausal female (3F), and post-
menopausal female (4F) pooled primary hepatocytes derived
from 12 donors per group were exposed to 8 increasing concen-
trations of Diclofenac, Chlorpromazine, Acetaminophen, Vera-
pamil, Omeprazole, and Caffeine. A dose-response curve show-
ing a decrease in ATP levels at increasing concentration of drugs
was obtained at each of the tested time points. Statistically sig-
nificant differences between the three groups tested are observed
for acetaminophen, only with 5 h treatment, which demonstrates
a higher toxicity in 4F and M compared to 3F hepatocytes at this

time point.

Nuclear intensity assessment: A dose-dependent increase in nu-
clear intensity is often associated with nuclear condensation as a
result of cell injury. No statistically significant nuclear intensity
modifications were obtained comparing M, 3F, and 4F hepato-

cytes at any of the tested exposure times for Acetaminophen.

6.4.2. Reactive Oxygen Species (ROS) formation: ROS are a
natural by-product of the normal oxygen metabolism, but when
increased and persistent they may result in significant cell dam-
age known as oxidative stress. In primary hepatocytes treated
with acetaminophen for 30 min, ROS accumulated in female
cells are slightly significantly lower concentration than in male

cells.

6.4.3. Mitochondrial damage: mitochondrial permeability and
the loss of mitochondrial membrane potential with subsequent
release of pro-apoptotic proteins from the inner membrane space
into the cytosol and decreased ATP production are hallmarks of
cell death. Mitochondrial damage was induced at lower concen-
trations in postmenopausal females (4F) compared to pre-meno-
pausal females (3F) and males (M) after exposition to acetamino-

phen during 4 hours.

6.4.4. Endoplasmic reticulum (ER): ER-stress induces dilata-
tion of ER-membranes and other alterations in ER-appearance.
The study measured ER morphological changes. Dose-response
curves for ER intensity shows that male hepatocytes exposed for
5h with Acetaminophen are significantly more sensitive to ER
modification than pre- and post-menopausal female cells. (ER
morphology does not necessarily correlate with ER stress; it is a

coping mechanism that does not always indicate stress).
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6.4.5. Plasma membrane permeability: After 4h, Acetamin-
ophen-treated male hepatocytes membrane disruption was in-
duced at lower concentration compared to pre-and post-meno-

pausal female cells.

6.4.6 Accumulation of intracellular calcium: Loss of calcium
homeostasis with increased intracellular calcium level results
from failure of energy-dependent Ca**/Mg** ATPase pump and
it is also related to increased membrane permeability and cell-
mediated death. Calcium accumulation was measured in treated
primary hepatocytes; the value obtained for acetaminophen do
not have any statistically significant differences between the three

groups of cells tested [9].

This study aimed to elucidate cell-based sex differences in re-
sponse to toxicants and the molecular pathways affected. How-
ever, some difficulties have occurred in the study. For example,
the three groups of human hepatocytes were exposed for a maxi-
mum of 6 hours due to the limited life-span of the cells in sus-
pension, preventing longer exposes of hepatocytes to the drugs.
Another research, trying to overcome this problem, used mono-
cytes (MH) instead of hepatocytes, because these leucocytes have

a lifespan of about 4 weeks in vitro.

The article acquired human peripheral monocytes from healthy
volunteers. MH cells were compared to hepatocytes from the
same donors showing activities of various hepatocyte enzymes,
such as DPP4, LDH, gamma-GT, and ALT. They also exhibit ac-
tivities of the CYP450 enzymes 3A4, 2C9 and 1A2, in a simi-
lar pattern to the hepatocytes. To study drug hepatotoxicity, the
cells were treated with APAP and diclofenac. To test CYP2EIL,
which has a role in the toxicity of paracetamol and metabolism
of alcohol; cells were pre-treated for 48h with ethanol. The re-
sults indicate that ethanol pre-treatment increases APAP toxicity.
This finding is in parallel to the clinically relevant aggravation of

APAP-induced liver damage by ethanol consumption [10].
7. Conclusion

There are marked sex-based differences in the epidemiology,
clinical manifestations, as well as pharmacodynamics, pharma-
cokinetics, and adverse drug effects. For many years, females
have been under-represented in basic researches and clinical tri-
als due to male’s constant hormone levels [9]. This creates an
uncertainty about whether study results could be generalized to
male and female. Likewise, the use of acetaminophen may not
have the same outcomes on both sexes. In this study, it is ob-
served different rates of APAP metabolism as well as the volume
of distribution between males and females. Moreover, the use
of OCS has also modified those aspects and may be related to
increased toxicity. It 's well known that the use of OCS is wide-

spread and could be related to the fact that hepatotoxicity is more
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common and severe in women.

Furthermore, the intake of other pain medications with APAP
is more frequent in woman. Despite greater co-ingestion use, fe-
male sex remains independently associated with severe hepatic
encephalopathy. This suggests that factors beyond their greater
pain pills co-ingestion are also important. Facing this variabil-
ity in drug response, in-vitro studies have demonstrated special
importance in better understanding the many biochemical path-
ways of the drug on both sexes. It has shown contrasts regard-
ing mitochondrial damage, ROS formation, and endoplasmic
reticulum appearance. Those findings reflect that molecular pat-
terns are not the same on both sexes, and could influence in the
response to APAP use. However, due to limitations in the he-
patocytes short lifespan and monocytes particularities, there is
still a need for further in-vitro studies to draw better conclusions.
Finally, there is a need for more researches regarding the differ-
ent aspects of sex particularities, not only with APAP use but
also with other drugs. This may lead to a more particular medical

approach and avoidance of undesirable effects.
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