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INTRODUCTION

Acetaminophen, known chemically as N-acetyl-para-
aminophenol (APAP) and also widely referred to as

ABSTRACT

Acetaminophen (N-acetyl-para-aminophenol, APAP), widely used for pain relief across
specie, poses significant toxicity risks. This study aimed to assess the acute toxicity profile
of APAP by determining the median toxic dose (TDso) in a murine model. Sixty male Balb/c
mice, aged 8 weeks and weighing 20-30 g, were randomized into six equal groups. Five
groups received single oral doses of APAP (150, 200, 300, 500, and 700 mg/kg BW), while
the control group received distilled water. The TDso was computed utilizing the probit
method. Animals were monitored for 24 h for any sign indicative of clinical toxicity. Post-
exposure, liver and kidney necropsies were conducted for histopathological analysis.
Predominant symptoms of toxicity included prostration, hematuria, heightened agitation,
lacrimation, cyanosis, and recumbency across doses from 150 to 700 mg/kg BW. The TDso
for APAP was estimated to be 732 mg/kg BW. The liver histopathological examination of
mice treated with 700 mg/kg BW APAP revealed severe multifocal hyper eosinophilic
hepatocytes, indicating areas of centrilobular necrosis, disorganized hepatic cords, and
multiple hemorrhage regions. The kidney examination exhibited no pathological changes in
treated mice with 700 mg/kg BW APAP. In conclusion this investigation provides critical
insights into the acute toxicity profile of APAP. The findings not only highlight the potential
risk associated with APAP usage but also the necessity of strict monitoring for stringent
dosage control. Further research is also needed to understand the underlying mechanism of
APAP-induced toxicity and pave the way for the development of efficacious therapeutic
strategies to counter APAP overdose.
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In the early 1980s, APAP surpassed aspirin as the preferred

over-the-counter analgesic in the United Kingdom (3).
APAP is available in various dosage forms, including

syrup, injection, suppository, regular pills, and effervescent

paracetamol, has been extensively utilized as an antipyretic
and analgesic for treating both acute and chronic pain (1).
It is also prescribed to patients for whom nonsteroidal anti-
inflammatory drugs (NSAIDs) are contraindicated, such as
those with gastric ulcers and bronchial asthma, and has
been used as a home analgesic for over three decades (2).
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tablets. Adults typically take 325-650 mg every 4-6 h, or 1
g of immediate-release oral formulations as needed, with a
maximum daily limit of 4 g (4). In veterinary medicine,
APAP is occasionally used as an oral pain reliever and
antipyretic for cattle suffering from viral diseases such as
three-day sickness and cow pox, and it is also administered
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to dogs (5). For long-term use, defined as over five days, it
may be advisable to adjust the administration frequency to
every 12 h, especially at the minimum dosing range.
Recommended doses for small mammals such as mice, rats,
gerbils, hamsters, guinea pigs, and chinchillas range from 1-
2 mg/mL in their drinking water (6). Horses receive 0.04-
0.1 mg/kg intramuscularly with dosing intervals of 6-12 h,
extending preferably to 36-48 h for conditions like
perioperative analgesia or laminitis (7). Dogs with chronic
pain conditions are often prescribed analgesics containing
paracetamol at a dosage of 10 to 15 mg/kg regularly (8).

Despite widespread beliefs in its safety, APAP poisoning
is common due to its easy accessibility. APAP is frequently
combined with other medications, including opioids and
diphenhydramine, often without consumer awareness (9).
Combining APAP with other compounds, such as
acetylsalicylic acid, codeine, oxycodone, propoxyphene,
caffeine, dextromethorphan, various antihistamines, and
decongestants, is a significant factor in the occurrence of
poisoning incidents (10). N-acetyl-p-benzoquinone imine
(NAPQI), a toxic metabolite of APAP, when produced, leads
to cellular damage proportional to the consumed amount.
This results in glutathione depletion, activation of
glutathione S-transferases (GSTs), and accumulation of
NAPQI to toxic levels (11). NAPQI's interaction with
mitochondrial proteins can impair respiration, increase
oxidative stress, and cause mitochondrial dysfunction,
leading to acute liver failure, centrilobular hepatic necrosis,
renal tubular necrosis, and hypoglycemic coma (12, 13).

APAP toxicity is common, as it is readily available and
easily accessible as an over-the-counter medication. It is a
matter of grave concern owing to its ability to cause liver
damage. The process of liver regeneration is fundamental
for recuperation from APAP-induced liver injury; however,
in cases of severe overdose, it can hinder liver regeneration
and contribute to unsuccessful recovery and possible
fatality (14). APAP poisoning, whether intentional or
accidental, represents a significant public health challenge,
with its toxicity becoming increasingly prevalent
worldwide (15). The rise in APAP poisoning cases in dogs
and cats can be attributed to the increased accessibility of
paracetamol in various over the counter and non-
prescription products. It is worth noting that the toxicity of
APAP is more pronounced and severe in cats compared to
dogs (16). This phenomenon occurs due to cats frequently
being exposed to toxic doses of APAP. A primary reason for
this exposure is the owners' tendency to administer the
medication without consulting a qualified veterinarian. By
avoiding the crucial step of seeking professional advice and
guidance, owners neglect the expertise of feline healthcare
specialists (17).

The objective of this research is to assess the immediate
toxicological impact of APAP by determining the median
toxic dose (TDso) in a murine model. This endeavor is
anticipated to enhance our comprehension of the hazards
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associated with APAP overdose, thereby offering insights
for its safe usage.

MATERIALS AND METHODS
Ethical Approval

All procedures in this study were reviewed and
approved by the local Animal Care and Use Committee
(Approval No. P.G. 1247) at College of Veterinary Medicine,
University of Baghdad.

Animals

Sixty male Bulb/c mice reached the age of 8 weeks and
ranged in body weight from 20-30 g. The mice used in this
study were raised and housed under standard laboratory
conditions. They were maintained on a 12-h light/dark
cycle, with ad libitum access to food and water. The
temperature in the animal house was kept constant at 22 *
2 °C, with a relative humidity of 50 + 10%.

Estimation of Median Toxic Dose (TDso)

The animals in this study were divided into six equal
groups. Five of these groups were given varying dosage
rates (150, 200, 300, 500, and 700 mg/kg BW) orally as a
singular dose of APAP (SDI, Samara, Iraq). The sixth group
received distilled water only as a control. To determine the
TDso for APAP acute toxicity, the probit approach was used
for the study (18). Continuous observation was maintained
over a span of 24 h to detect any indications of APAP-
induced toxicity in the animal subjects. All animals
exhibiting signs of toxicity were managed with the utmost
humane consideration.

Preparation of APAP Dosing Solutions

Five dosage rates have been used as illustrated in Table
1. Accordingly, five separate concentrations of APAP were
prepared to correspond to these specified dosages.

Table 1. Dosage rates and concentrations of N-acetyl-para-aminophenol
(APAP)

Dosage rate Concentration Dosage volume

No.

(mg/kg BW) (mg/mL) mL/10 g mouse BW
1 150 15 0.1
2 200 20 0.1
3 300 30 0.1
4 500 50 0.1
5 700 70 0.1
Control -Distilled water - 0.1

Histopathology

The histopathological patterns of the liver and kidneys
of mice were examined following a dosage of 700 mg/kg
BW of APAP (approximately equivalent to TDso). The
process began with the euthanasia of the mouse using
diethyl ether (THOMAS BAKER, India) within a closed
chamber, also known as a dissector. This method entailed
the controlled administration of diethyl ether vapor,
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ensuring a rapid and humane approach to euthanasia. The
process continued until the mice became unconscious and
subsequently exhibited cessation of cardiac and respiratory
functions. Subsequently, a midline incision is made to
expose the abdominal cavity, enabling the careful
extraction of the liver and kidneys.

These organs were then immediately fixed in 10%
neutral buffered formalin (Alfa lab Chemika, China) for 48
h. Following fixation, the samples were sectioned to a
thickness of 0.5 c¢cm and placed in plastic cassettes.
Dehydration and clearing of the tissues were automated
using a Histo-Line Laboratories ATP 1000 tissue processor
(Italy). Subsequently, the dehydrated tissues were
embedded in paraffin wax using a Histo-line laboratory
HESTION TEC 2900 embedding system, with temperature
regulation managed by a TEC 2900 Thermal console (Histo-
line Laboratories, Italy). Tissue blocks were then sectioned
at 4-5 pm thickness using a Histo-Line Laboratories
MRS3500 rotary microtome (Italy). The sections were
floated in a water bath and placed on a temperature-
controlled hot plate, both regulated by the TEC 2900
Thermal console, before mounting on glass slides. The
staining was performed using Hematoxylin and Eosin (H&E,
Dakocytomation, Denmark). Detailed histopathological
assessments were conducted under a light microscope
(Olympus, Japan) by a trained pathologist, focusing on the
liver and kidneys' structural changes (19).

Statistical Analysis

The TDso was estimated using the probit method
implemented in SPSS software Version 26 (IBM Corp.,
Armonk, NY, USA) (20).
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RESULTS AND DISCUSSION
Acute Toxicity Manifestations

Several clinical manifestations were observed following
APAP exposure, included an arched back, convulsions,
muscular tremors, and instances of epistaxis and oral
bleeding in a subset of the animal subjects (Figure 1 A).
Hematuria was also documented (Figure 1 B). Most of the
animals displayed critical signs of poisoning such as
heightened agitation, lacrimation, cyanosis, and
recumbency (Figure 1 C). Approximately 2 h post-exposure,
the animals' respiration patterns transitioned from rapid
and shallow to slow and labored. Within a span of 15 h, a
minority of the animals that were critically affected died
due to respiratory failure.

In laboratory mice, the manifestation of bleeding from
the nose and mouth as a result of APAP poisoning can be
attributed to several potential mechanisms. One such
mechanism involves the detrimental effect of APAP on liver
cells, which consequently leads to a reduction in the
production of clotting factors (22, 23). This reduction in
clotting factors ultimately results in an increased
propensity for bleeding. Additionally, the damaging impact
of APAP on blood vessels serves as another mechanism by
which bleeding can occur (23). This damage can trigger
inflammation and hemorrhage in various organs, including
the lung, kidneys, and gastrointestinal tract (24). Lastly,
APAP has the ability to induce oxidative stress, thereby
impairing the functionality of platelets, which are vital for
proper blood clotting (25).

Figure 1. Clinical manifestations in Balb/c male mice following a single oral N-acetyl-para-aminophenol
(APAP) exposure at a dose of 700 mg/kg BW for 24 h: (A) Epistaxis and mouth bleeding, (B) Haematuria,

and (C) Recumbency

Patients suffering from acute liver failure induced by
APAP exhibit a combination of hypercoagulable and
hypocoagulable alterations within their blood coagulation
system, which ultimately affects their ability to form blood
clots (26). Cyanosis symptoms could potentially be
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associated with methemoglobinemia, a medical condition
characterized by insufficient oxygen transportation in the
blood as a result of a chemical interaction with specific
medications, such as APAP (27). Cyanosis symptoms can
potentially be associated with the occurrence of liver failure
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or respiratory distress because of APAP poisoning. The
manifestation of liver failure or respiratory distress can
lead to diminished levels of oxygen in the bloodstream,
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thereby resulting in the development of bluish skin or lips

(referred to as cyanosis) in both human beings and animals
(28).

Table 2. Probit analysis data for determining median toxic dose (TDso) of orally administered N-acetyl-para-aminophenol (APAP) in Balb/c male mice

after 24 h
Group Dose Log Number of Animals per Number of Animals % of Animals Toxic Signs Probit
(mg/kg BW) Dose Group Dead Dead Grade (%)" Number

1 150 2.17 10 0 0 7.50 3.52

2 200 2.30 10 1 20 15.0 3.96

3 300 2.77 10 1 40 17.5 4.05

4 500 2.69 10 2 40 32.5 4.53

5 700 2.85 10 5 60 52.0 5.85
Control DW™ - - 0 0 - -

“The total toxic grade for each dose was determined based on the number of toxic signs observed. This grade was converted into a percentage, and then to a probit number. The

log dose-probit response curve is used for TDso calculation. “DW: distilled water

5.2 1
5 4 y=2.0883x-0.9863

48 - R%=0.9582
4.6 1
4.4 A
4.2 A

4 -
3.8 -
3.6 -
3.4 T T T T

Probit Number

2 21 22 23 24 25 26 27 28 29

Log Dose

Figure 2. Dose-response curve for acute toxicity of N-acetyl-para-
aminophenol (APAP) in Balb/c male mice. The curve represents the
probit analysis of log-transformed doses of APAP, demonstrating the
correlation between the administered dose and the resultant probit
numbers indicative of toxic effects. The data points are derived from a
24-h observation period post-administration

TDso of APA in Mice

The calculated TDso value for APAP, when orally
administered to male mice, was established as 736 mg/kg
BW after a 24-h period (Table 2 and Figure 2). The TDso
value derived from the stipulated equation and logarithm is
found to be 2.8669. Utilizing the antilogarithm of this value
allows us to infer that the TDso of APAP for mice, upon oral
administration, is commensurate with 736 mg/kg BW. In
the context of the existing scholarly literature, there
appears to be an absence of studies specifically addressing
the estimation of the TDso value for APAP. Consequently,
this precludes the possibility of establishing a correlation or
conducting a comparative analysis between the findings of
the present study and those of analogous research papers.
Itis significant to note that the determination of the median
lethal dose (LDso) of APAP, which stood at 1120.28 mg/kg
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BW when administered orally in mice, was conducted with
a subsequent 24-h observational period (29). The
substantial mortality observed among the experimental
subjects during LDso determination necessitated the
transition to measuring TDso instead, as an ethical measure
aimed at mitigating the requirement for animal sacrifice.
Therefore, we believe that this information could be
valuable for future studies focused on therapeutic
interventions in cases of acute APAP poisoning in
laboratory animals.

Liver and Kidney Histopathology

The histopathological examination of the liver (Figure 3
A) and kidney (Figure 3 B) in the negative control group
showed normal liver architecture. However, the livers of
mice treated with 700 mg/kg BW APAP exhibited severe
multifocal hyper eosinophilic hepatocytes, with areas of
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Figure 3. Histopathological sections of liver (A) and kidney (B) in Balb/c male mice of negative control group showing

normal architecture

(APAP) exposure at a dose of 700 mg/kg BW for 24 h showing severe multifocal hypereosinophilic hepatocytes which
demonstrated areas of centrilobular necrosis of hepatocytes (black arrows), disorganized of hepatic cords and several
areas of hemorrhage (red arrows). H&E stain: (A) 10x, (B) 20x

Figure 5. Histopathological sections of kidney in Balb/c male mice following a single oral N-acetyl-para-aminophenol
(APAP) exposure at a dose of 700 mg/kg BW for 24 h showing no pathological changes of kidney architecture. H&E
stain: (A) 10x, (B) 20x

centrilobular necrosis, disorganized hepatic cords, and
several areas of hemorrhage (Figure 4 A, B). The
histopathological examination of the kidneys of mice
treated with 700 mg/kg BW APAP showed no pathological
changes (Figure 5 A, B).

A prior investigation revealed a strong association
between high doses of APAP and severe hepatic and renal
damage. The study observed that APAP administration led
to hepatic and renal toxicity by disrupting antioxidant
status, lipid profiles, and histomorphological architecture.

HASHEM ET AL

In rats receiving a 700-milligram dose of APAP, the
histopathological examination of the liver showed
inflammatory cell infiltration, shrunken hepatocytes with
chromatin condensation, and hepatocellular injury marked
by diffuse cytoplasmic vacuolation (30). Moreover, an
overdose of APAP at a dosage of 300 mg/kg in mice caused
hepatocellular necrosis, inflammatory cell infiltration, and
liver hemorrhage (31). In a different study, the
administration of 600 to 800 mg/kg of APAP to male wild-
type mice led to elevated plasma concentrations of liver
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enzymes, specifically alanine aminotransferase. The
observed consequences included hepatic necrosis and renal
tubular necrosis. These lesions indicate the possibility of
substantial adverse effects on both the liver and kidneys in
response to higher dosage rates of the drug in the context
of wild-type animals (32). In another study, a single
intraperitoneal administration of APAP (300 mg/kg) in
mice showed a notable increase in serum ALT levels.
Additionally, massive hepatocellular necrosis,
inflammation, and hemorrhage were observed in the livers
of mice given an APAP overdose (33).

The collective results from these studies focus on the
fact that APAP overdose leads to significant and intense
liver damage in mice. This damage includes hepatocyte
necrosis, inflammation, and hemorrhage. Noticeably, the
intensity and extent of liver damage are influenced by
factors such as the dosage rate and period of exposure to
APAP. In addition, the genetic background and
physiological state of mice play crucial roles in defining the
severity of adverse effects initiated by APAP overdose.

APAP is a medication agent capable of inducing hepatic
injury and inflammation. Its metabolic breakdown within
the liver results in the generation of a harmful compound
that combines with proteins and disrupts the integrity of
mitochondria. This provokes an immunological effect that
elicits the production of IL-13, a cytokine that promotes the
development of fibrotic tissue and constriction of the
sinusoidal spaces. Therefore, this hinders the transfer of
blood and oxygen to hepatocytes while concurrently
enhancing the levels of toxic substances in the circulatory
system (34).

Sinusoids, which are the small blood vessels responsible
for carrying blood from the portal vein and hepatic artery
to the hepatocytes, have a characteristic structure
characterized by fenestrated endothelial cells and the
absence of a basement membrane. This distinct structure
enables efficient exchange of materials between the blood
and liver cells. The manifestation of narrow sinusoids is a
characteristic feature of liver fibrosis, a condition
characterized by the excessive accumulation of scar tissue
in the liver due to chronic inflammation. Narrow sinusoids
impede the blood flow and oxygen supply to the
hepatocytes, thereby exacerbating their damage and
inflammation. Additionally, narrow sinusoids hinder the
clearance of bacterial products and other toxic substances
from the portal circulation, thereby further stimulating the
inflammatory response in the liver (35). The constriction of
blood vessels leads to a decrease in blood circulation and
the delivery of oxygen to the cells of the kidney, resulting in
additional harm and inflammation. Moreover, this process
amplifies the presence of toxins within the bloodstream,
which, in turn, stimulates a heightened activation of
immune receptors and subsequent reactions within the
kidney (36).
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In conclusion, this investigation provides insights into
the acute toxicity profile of APAP. The findings not only
highlight the potential risks associated with APAP usage but
also emphasize the necessity of strict monitoring for
stringent dosage control. Furthermore, further research is
needed to elucidate the underlying mechanisms of APAP-
induced toxicity and pave the way for the development of

efficacious therapeutic strategies to counter APAP
overdose.
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