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Abstract
This study was aimed to evaluate the effects of N-acetyl-p-aminophenol (APAP) toxicity on the cardiovascular system as there exist relatively
a few studies on this matter. The study included 14 female Wistar rats divided into two groups having 7 rats in each (control-APAP). Control
group received no medication and APAP group was given single oral dose of 1g/kg APAP. ECG measurements of each animal in either group
were obtained before the administration of APAP (0 h) and at the 1st, 6th, 12th and 24th h after the APAP administration. All animals were
sacrificed at the end of the study. Heart tissue samples were obtained for biochemical and histopathological analyses. The levels of MDA,
GSH, Apelin, Elabela, Meteorin, Endoglin, Keap1, and Nrf2 were measured in the tissue samples. Results revealed a statistically significantly
prolonged QTc and QRS intervals and increased heart in the APAP group. A notable increase in MDA and Endoglin, and a significant decrease
in GSH, Elabela, and Nrf2 levels occurred in the APAP group. Histopathologically, necrotic lesions were found in the APAP group. The use of
high doses of APAP as an analgesic may cause permanent damage in the cardiovascular system.
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Sıçanlarda APAP Kaynaklı Toksisitede EKG, Oksidatif Stres ve
Anjiyogenezin Belirlenmesi
Öz
Bu çalışma, N-acetyl-p-aminophenol (APAP) toksisitesinin kardiyovasküler sistem üzerindeki etkilerini değerlendirmeyi amaçlamıştır çünkü
bu konuda nispeten az sayıda çalışma bulunmaktadır. Çalışma kapsamında her grupta 7 rat (kontrol ve APAP) olacak şekilde 14 adet dişi
wistar rat kullanıldı. Kontrol grubuna herhangi bir uygulama yapılmazken APAP grubuna tek doz 1 g/kg N-acetyl-p-aminophenol oral olarak
verilmiştir. Apap uygulaması öncesi 0. saat ve uygulama sonrası 1. saat 6. saat 12. saat ve 24. saatte iki gruptaki tüm hayvanlara EKG ölçümü
yapıldı. Çalışma sonunda tüm hayvanlar sakrifiye edildi. Biyokimyasal ve histopatolojik analizler için kalp dokusu örnekleri alındı. Doku
örneklerinden MDA, GSH, Apelin, Elabela, Meteorin, Endoglin, Keap1 ve Nrf2 ölçümleri yapıldı. Yapılan analizlere göre ekg verilerinde QTc,
kalp atım sayısı ve QRS’de APAP grubunda istatistiksel anlamda artış belirlendi. Biyokimyasal verilerde ise APAP grubunda MDA ve Endoglinde
anlamlı artış bulunurken GSH, Elabela ve Nrf2’de ise anlamlı bir azalma belirlenmiştir. Histopatolojik olarak APAP grubunda nekroze lezyonlara
rastlanmıştır. Sonuç olarak analjezi olarak kullanılan APAP yüksek doz alımlarında kardiyovasküler sistemde kalıcı hasarlara yol açabilmektedir.

Anahtar sözcükler: N-acetyl-p-aminophenol, EKG, Apelin, Elabela, Meteorin, Endoglin

introduCtion
Acetaminophen (paracetamol) is a commonly used analgesicantipyretic drug in the US since 1955. Paracetamol overdose
accounts for a significant number of emergency service
admission [1,2]. When taken in therapeutic doses, the major

quantity of paracetamol is conjugated with glucuronic
acid and sulphate, and the remaining small quantity is
converted to the N-acetyl-p-benzoquinoneimine (NAPQI)
metabolite by hepatic cytochrome P-450 dependent
mixed-function oxidases in the liver [3,4]. Under normal
circumstances, NAPQI is rapidly converted to its non-toxic
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metabolites by glutathione (GSH). However, under GSHdeficient conditions NAPQI cannot be converted to nontoxic metabolites leading to liver damage. Paracetamol
overdose can clinically manifest by metabolic acidosis,
elevated lactate, hypoglycaemia, and acute nephrotoxicity
and hepatotoxicity. There exist few studies on paracetamol
cardiotoxicity. Several studies have focused on the direct
toxic effects of acetaminophen on the heart [1,5].
Apelin, a cardiovascular system associated hormone, is
particularly effective in regulating the blood flow and
lowering the blood pressure. Elabela and Apelin antagonize
the renin-angiotensin system; thus, playing a role in
preventing the development and slowing the progression
of cardiovascular diseases. Furthermore, apelin and related
peptide receptors have also cardioprotective effects in
atherosclerosis, myocardial infarction, heart failure, and
pulmonary arterial hypertension [6].
Meteorin-like (Metrnl) is a recently discovered adipokine
that acts on insulin sensitivity favourably. Adipokines
actively take part in lipid metabolism and inflammation.
Adipokines are involved in cardiometabolic diseases
including coronary diseases. The most important cause of
coronary diseases is atherosclerosis. In such cases, Metrnl
causes increased levels of anti-inflammatory cytokines [7].
Endoglin is an essential co-receptor for transforming
growth factor β (TGF-β) family, playing an important role
in angiogenesis. Increased levels of circulating endoglin
have been found in hypertensive or diabetic patients, in
early stages of preeclampsia, and in some cancer patients.
These suggest that endoglin can be a predictive biomarker
in these pathological conditions [8].
The nuclear factor erythroid 2–related factor 2 (Nrf2) and
Kelch-like ECH-associated protein 1 (Keap1) are proteins
that play an active role in apoptosis. Simultaneous depletion
of Nrf2 and Keap1 is known to prevent apoptosis. Nrf2 and
Keap1 are also reported to have a protective effect against
oxidative stress [9].
In this study, we aimed to find out whether cardiotoxic
damage and cardiac rhythm disturbances develop in
paracetamol toxicity, and to identify new biomarkers that
could be used for early diagnosis.

Material and Methods
This study was approved by Kafkas University Animal
Experiments Local Ethics Committee (Approval No: KAÜHADYEK 2019/122) Kars, Turkey. The study included 14
female, 4-6-month-old Wistar-Albino rats with an average
weight of 190-250 g. All animals were fed ad-libitum,
maintained at a room temperature of approximately
25°C, and kept under 12-h light-dark cycles. Animals were
divided into two equal groups (7 rats in each). Paracetamol
was obtained from Atabay Pharmaceuticals Inc.
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The Experimental Groups
Group I (Control): Rats were administered only 0.9% NaCl
orally.
Group II (Toxicity): Toxicity was induced in rats by
administering a single oral dose of Paracetamol (1 g/kg) [10].
Electrocardiography (ECG) measurements were obtained
from each animal in the experiment under anaesthesia
[ketamine HCl (75 mg/kg) (Ketalar, Pfizer®), and xylazine
HCl (10 mg/kg) (Rompun, 2%, Bayer®) intramuscular] [11]
before the induction of toxicity (0 h) and at 1st, 6th, 12th, and
24th h after inducing toxicity using Nihon Kohden cardiofax S
ECG-1250 device. Digital ECG records were obtained using
the leads I, II, III, aVR, aVL, and aVF at a velocity of 50 mm/s,
at a calibration of 1 mV=10 mm, and using a 50-Hz filter
(Fig. 1). The device calculates the QTc data automatically;
therefore, no further calculations were performed [12].
At the end of the study, animals were not fed overnight
and cardiac tissue samples were collected after sacrificing
via cervical dislocation under anaesthesia [11] in compliance
with ethical principles.
Biochemical Measurements
The tissue samples were homogenized in phosphate buffer
(pH 7.4) and centrifuged at 3000 rpm for 5 min. The obtained
homogenates were kept at -20°C until analysis. Apelin,
Elabela, Meteorin, Endoglin, Keap1, and Nrf2 levels were
determined in the cardiac tissue by using commercially
available Enzyme-Linked Immunosorbent Assay (ELISAYL Biotech Company, Shanghai) kits in compliance with
the manufacturer’s instructions. The GSH and MDA levels
in the cardiac tissue were analysed applying the methods
described by Beutler et al.[13] and Yoshioka et al.[14],
respectively.
Histological Analysis
The cardiac tissues were fixed in 10% buffered formaldehyde solution. The tissues were subjected to tissue
processing in an automated device (Leica TP 1020).
Sections of 5-μm thickness were taken from the tissues
that were manually embedded in paraffin and the sections
were stained with Hematoxylin & Eosin. The sections were
examined and photographed under a light microscope
(Olympus BX46) [15].
Statistical Analyses
Before the study, power analysis was performed using
G-Power 3.1.9.7. According to the analysis, the sample
size was decided according to the test power of 0.95 and
the significance level of 0.05. Analysis of independent
samples t-test was conducted for all the biochemical and
ECG parameters to test if there is a difference between the
two groups. Analysis of repeated-measures ANOVA was
conducted for ECG parameters obtained on different time.
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Fig 1. ECG changes according to time interval in control and APAP groups

Fig 2. Means and Std. deviation of the two
groups for ECG (A, B, C, D) parameters; *
P<0.05, ** P<0.01, *** P<0.001

A P-value of <0.05 was accepted as significant. GraphPad
8.1 (San Diego, CA, USA) was used for statistical analyses.

results
ECG Results
The QTc interval (Fig. 2-A) significantly increased at the
1st h in the APAP group compared to 0 hour (P<0.01) and
to that of the control group at the 1st h (P<0.001).
The heart rate (Fig. 2-B) significantly increased both at
the 1st (P<0.01) and the 6th h (P<0.05) in the APAP group
compared to 0 h. When the APAP group was compared
with the control group, a significant increase in the heart
rate was observed in the APAP group at the 1st compared
to the control group.
The PR interval (Fig. 2-C) did not change throughout the
study between and within the groups.

A significant difference in the QRS complex (Fig. 2-D)
was detected in the APAP group between the values
at 0 h and the 12th h (P<0.05). Similarly, a significant
difference was determined between the APAP group and
the control group in terms of QRS complex at the 12th h
(P<0.05).
Biochemical Results
Malondialdehyde levels significantly increased in the APAP
group compared to the control group (P<0.05) while GSH
levels markedly decreased between the groups (P<0.01,
Fig. 3-A,B).
The analysis of Apelin, Meteorin, and Keap1 levels revealed
no differences between the APAP and the control groups
(Fig. 3-C,D,E,F,G,H). However, a statistically significant
decrease in Elabela (P<0.001) and Nrf2 (P<0.05) levels,
and a notable increase in Endoglin (P<0.05) levels were
noted between APAP and control groups.
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Fig 3. Means and Std. deviation
of the two groups for biochemical
(A, B, C, D, E, F, G, H) parameters.
*P<0.05, **P<0.01, ***P<0.001

Fig 4. A: Control group, heart tissue,
H&E, Bar = 50 μm B: Paracetamol
group, heart tissue, degeneration
in muscle fibers (arrows), H&E, Bar
= 50 μm

Histological Results
On histopathological examinations, cardiac tissue was
normal had no pathological changes in control group. In
APAP group, muscle fibers were swollen and homogeneous
in pink color, the transverse striation of the muscle fibers
disappeared and in addition to degenerative changes,
the presence of necrotic cells with pycnotic nuclei was
remarkable (Fig. 4).

disCussion
Raising awareness about recognizing new and early
symptoms, signs, and biochemical markers in paracetamol
overdose is important in the early diagnosis and treatment
in order to reduce mortality and morbidity.
Cardiac autonomic dysfunction can be detected by various
tests and some ECG findings (PR, QT interval, QTc, QRS
complex). The relationship between a prolonged QT interval
and sudden cardiac death in various diseases such as
coronary artery disease and heart failure is known [16]. In
our study, the increase in the length of the QTc interval
and the heart rate has been demonstrated at the 1st h after
paracetamol overdose compared to the control group.
Furthermore, cardiac tissue damage in paracetamol overdose

has been shown histopathologically. The development of
these findings after paracetamol overdose can be explained
by the degeneration of cardiac cells leading to delays in
cardiac conduction and changes in cardiac conduction
pathways resulting in delayed action potentials.
N-acetyl-p-benzoquinoneimine formed in paracetamol
overdose cases causes cellular injury and cell death by
binding to cellular proteins [1]. We expect that the underlying mechanism of cardiac injury in paracetamol overdose
is the cardiac cell damage resulting from the transport of
NAPQI to the cardiac blood supply by the venous system.
An intraventricular conduction delay or a bundle branch
block is considered in depolarization disorders of the
cardiovascular system [17]. Afshari et al.[18] conducted a
study and found out that paracetamol overdose was
associated with a prolonged QRS complex detected via
ECG monitoring.
This study found significant prolonged QRS complex
at the 12th h compared to the zero h in the APAP group,
suggesting a conduction delay consistent with previous
studies. We assumed that the underlying reason was the
impairment in the signal transduction pathway; affected
by secondary to cardiac tissue damage. This condition is
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supported by the levels of the inflammatory, oxidant, and
antioxidant parameters determined in our study.
N-acetyl-p-benzoquinoneimine, induced by high-dose
paracetamol, causes the formation of reactive oxygen
species in cells resulting in lipid peroxidation. Lipid peroxidation leads to GSH deficiency and protein synthesis
in hepatocytes, finally resulting in intracellular calcium
(Ca+2) imbalance in liver cells [19]. The GSH levels in our
study significantly reduced in the APAP group compared
to the control group. This may be attributed to high NAPQI
causing reduction in GSH levels in cardiac cell injury
resulting from impaired protein synthesis and changes in
intracellular Ca levels. Another indicator of tissue damage
is the increased MDA levels caused by lipid peroxidation [20]
as was the case in the cardiac tissue in our study consistent
with earlier studies where paracetamol induced increased
MDA levels and reduced GSH levels [4,21]. Zhao et al.[22]
reported elevated MDA levels and reduced GSH levels in
doxorubicin-induced cardiotoxicity similar to the results of
our study.
Both Apelin and Elabela are suggested to have cardioprotective, vasodilator, hypotensive, and strong positive
inotropic effects [23]. In our study, the changes in apelin levels
were not statistically significant but a notable decrease in
Elabela levels was found in the paracetamol group. Elabela
is heavily expressed in the cardiovascular endothelium.
Elabela is required for normal heart development and
angiogenesis and is available in the heart tissue more
abundantly compared to apelin [24]. The reduction in
Elabela levels may suggest the occurrence of damaged
cells. Furthermore, Elabela and Apelin are reported to play
an active role in preventing cardiovascular diseases by
antagonizing the renin-angiotensin system [6]. Considering
this feature, the numerical reduction in Apelin levels and
the statistically significant reduction in Elabela levels in our
study may represent a challenge to eliminate the effects of
paracetamol toxicity.
Dadmanesh et al.[7] reported that coronary artery patients
had significantly reduced Meteorin levels compared to the
control group in their study. However, a numerical decrease
in Meteorin levels was found in the cardiac tissue of the
rats in the toxicity group in our study but no statistically
significant differences were observed.
Endoglin is a transmembrane co-receptor involved in the
transformation of the growth factor-β (TGF-β) expressed
predominantly on proliferating endothelial cells. Endoglinknockout mice die of cardiovascular defects at midgestation. Endoglin is expressed at low levels in cells of
normal endothelial tissue, but its over activity can be
observed in infected tissue during embryogenesis [25]. In
our study, we expect that the Endoglin levels were found to
be significantly high due to histopathologically confirmed
cardiac cell damage. Jacob et al.[26] reported focal necrosis
in myocard due to APAP as was the case in our study. Kapur
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et al.[27] investigated endoglin levels in cardiac fibrosis and
reported the isolation of very high levels of endoglin in the
fibrosis group. We found statistically high Endoglin levels in
the toxicity group of our study consistent with the findings
of the study reported by Kapur et al.[27]. Considering the
effective role of endoglin in angiogenesis, the high levels
of endoglin in the toxicity group in our study support the
toxic effect of paracetamol on the heart. This finding also
suggests that endoglin levels can potentially be used as a
marker of the effects of paracetamol intoxication on the
heart tissue.
The radicals produced in a variety of physiological
conditions are neutralized by antioxidative defence
mechanisms [8,28]. Free oxygen radicals are also reported to
play an active role in apoptosis. Nrf2 and Keap1 are involved
in cell regenerating processes together. However, their
levels are significantly reduced during these processes [9].
Under the light of this information, the respectively
numerical and statistical reductions in the Nrf2 and Keap1
levels in the toxicity group indicate the activation of
apoptotic mechanisms in response to cellular injury. Zhao
et al.[22] found a significant reduction in Nrf2 levels in the
toxicity group, similar to the results of our study.
It is very important to detect early tissue and organ damage
in paracetamol overdose. Our study shows the importance
of the early recognition of ECG changes including the
lengths of QTc interval and QRS complex, and the heart rate,
especially at the first hours of intoxication. Paracetamol
overdose induced heart injury might be associated with
some novel biomarkers as such studied here.
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