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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 under-
lying 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; aff ected 
by secondary to cardiac tissue damage. This condition is 

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 fi bers (arrows), H&E, Bar 
= 50 μm
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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 per-
oxidation 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 cardio-
protective, 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. Endoglin-
knockout mice die of cardiovascular defects at mid-
gestation. 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 

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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