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Paracetamol is one of the most widely used drugs in 
the world as analgesics and antipyretics. Although 

it has been classified as non-steroidal anti-inflammatory 
drugs (NSAIDs) for many years, it has been classified as 
“other” analgesic and antipyretic drugs in recent years due 

to lack of anti-inflammatory properties. Although it acts 
by inhibiting the cyclooxygenase (COX) enzyme and 
prostaglandin synthesis, such as NSAIDs, several stud-
ies have shown that the potential for inhibition of COX 
enzymes in peripheral tissues is quite low [1]. Therefore, 

ABSTRACT
OBJECTIVE: Paracetamol is thought that it acts by inhibiting the central cyclooxygenase (COX) enzyme; its mechanism of 
action is still not fully explained. Although its most important side effect is hepatoxicity, it is thought to cause toxicity on the 
brain in recent years. The present study aims to investigate the treatment and toxic effects of low and high doses of parac-
etamol on the liver and brain.

METHODS: Wistar-albino rats were used in this study. At doses of 20–500 mg/kg, paracetamol was administered intraperi-
toneally once a day for one and three days. The brain and liver were used for immunohistochemical evaluation using COX-3, 
prostaglandin E2 (PGE2) and caspase 3 antibodies and for total antioxidant (TAS), total oxidant (TOS) and oxidative stress 
index (OSI) measurements. Results were evaluated using the Kruskal Wallis test (SPSS ver.24).

RESULTS: The liver COX-3 levels were significantly lower in both groups with higher doses (p<0.05). In the brain, there was 
no statistically significant difference in COX-3 levels between the groups. There was no statistically significant difference in 
PGE2 levels in the liver and brain between the groups (p>0.05). The caspase 3 level in the liver was statistically significantly 
higher in the low dose group compared to the other groups (p<0.05). In both liver and brain, OSI values were significantly 
higher in the 3-day high-dose group compared to others (p<0.05). There was no statistically significant difference between 
the groups in ALT and AST values (p>0.05).

CONCLUSION: The results of our study show that paracetamol inhibits the COX-3 enzyme in the liver but has no effect in 
the brain, and COX-3 does not have an effect on PGE2. Paracetamol causes apoptosis in the liver only in low doses; higher 
doses may cause toxicity by increasing oxidative stress, especially in the brain.
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it is thought to act by inhibiting the COX enzyme found 
in the central nervous system (CNS). Various studies 
conducted for this purpose suggest that it inhibits COX-
3 enzyme, which is a variant of COX-1 and expressed in 
the brain, but in different studies, the opposite has been 
claimed [2–4]. Again, in other studies, it has been shown 
that no peripheral effect is apparent since it binds to dif-
ferent regions of COX enzyme in the CNS [1].

The most important side effect of paracetamol is hep-
atotoxicity. It is mainly metabolized in the liver to sulfate 
and glucuronic acid [5]. A small part of it undergoes ox-
idative metabolism with CYP450 enzyme systems and 
becomes N acetyl benzokinonimine (NAB). This me-
tabolite formed under normal conditions is converted to 
cysteine and mercaptopurine by glutathione. However, if 
taken in large amounts, the amount of NAB increases, 
and glutathione depots in hepatocytes decrease. When 
the glutathione stores fall below 30% of the normal value, 
hepatic damage begins. In addition, NAB, which cannot 
be metabolized, reacts with DNA, protein and lipids in 
the cells and causes cell necrosis [6]. However, various 
studies have shown that many different mechanisms, 
such as reactive oxygen species (ROS), calcium increase 
and intracellular signaling pathways mediate hepatotox-
icity, caused by paracetamol [7–9]. Another organ with 
paracetamol toxicity is the brain. This damage is usually 
secondary to hepatic encephalopathy (HE) due to in-
creased ammonia as a result of acute liver failure (ARF) 
[10]. However, CYP2E1enzyme, which breaks down 
paracetamol in the liver and causes the formation of a 
toxic metabolite, is very common in the CNS [11]. In 
addition, in low and high doses, paracetamol is widely 
distributed throughout the CNS by easily crossing the 
blood-brain barrier [12]. Thus, it has been suggested that, 
especially at high doses, it may have a direct toxic effect 
independent of liver toxicity. For example, in rats with 
oral toxic dose paracetamol administration, it has been 
shown that glutathione decreases and oxidative stress in-
creases in almost every region of CNS [13]. However, 
there are also studies with different findings. Low-dose 
paracetamol has been shown to have a neuroprotective 
effect by reducing ROS [14]. In another study, the find-
ings showed that paracetamol has a cytoprotective effect 
in neuron cells [15].

In this study, the effects of high-dose and low-dose 
paracetamol administration on oxidative stress, COX-3, 
prostaglandin E2 (PGE2) levels, apoptosis and biochem-
ical parameters in rat liver and brain were investigated.

MATERIALS AND METHODS

Chemicals 
Paracetamol, 1000 mg/100 ml Intravenous (IV) (Para-
cerol, Polifarma, TURKEY). COX-3 rabbit polyclonal 
IgG antibody 100 ul-1 ug/ul (Bioss antibodies, USA). 
PGE2, rabbit polyclonal IgG antibody 100 ul-1 ug/ul 
(Bioss antibodies, USA). Caspase-3, CPP32 colorimet-
ric assay kit (BioVision Research Products, USA).

Experimental Protocol
This study was approved by the animal ethics committee 
of Van Yuzuncu Yil University (Decision no: 2017/06). 
Male Wistar-albino rats weighing 200–250 g were used 
in this study. Rats were fed with standard feed and tap 
water. They were kept in 12 hours of light, 12 hours of 
dark. Five different groups were formed with eight rats in 
each group and paracetamol was administered as follows.
1. Control Group (C): Saline was administered.
2. Low dose 1-day group (LD1): Paracetamol 20 mg/kg 

single dose was administered intraperitoneally.
3. High dose 1-day group (HD1): Paracetamol 500 

mg/kg single dose was administered intraperitoneally.
4. Low dose 3-day group (LD3): Paracetamol 20 mg/

kg/day was administered intraperitoneally once a day 
for three days.

5. High-dose 3-day group (HD3): Paracetamol was ad-
ministered intraperitoneally once daily for three days 
at 500 mg/kg/day.
Rats were sacrificed under anesthesia (80 mg/kg ket-

amine) 24 hours later in single-dose groups 24 hours af-
ter the 3rd-day dose. Following sacrification, blood sam-
ples, brain and liver were obtained. The brain and liver 
were cut in half from the midline and half of them were 
used for histopathological evaluation in neutral buffered 
10% formalin solution, and the other half was stored at 
-20 Cº for TAS, TOS and OSI measurements.

Histopathological Evaluation
Liver and brain samples were fixed in paraffin blocks 
after fixation with 10% formalin. Four micrometer sec-
tions were taken from the blocks and hematoxylin eosin 
was evaluated by light microscope after staining.

Immunohistochemistry COX-3, PGE2 and Caspase-3
After 24 hours of fixation, tissues were embedded in 
paraffin blocks after being processed by Leica ASP® 300 
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(Leica MICROSYSTEMS, GERMANY) automated 
vacuum tissue tracking device for light microscopy ex-
amination. Slices were obtained from the paraffin blocks 
with the microtome device and immunohistochemical 
staining was performed (Leica RM® 2135-Leica MI-
CROSYSTEMS, GERMANY).

Sections taken for immunohistochemical examina-
tion were transferred on polylysine slides and PGE2, 
COX-3 and Caspase-3 were used as primary antibod-
ies. These antibodies were used for staining with Ven-
tana Benchmark XT immunohistochemistry automated 
staining system and Ventana ultraView Alkaline Phos-
phatase Red Detection Kit under appropriate positive 
controls, followed by evaluation of staining of PGE2, 
COX-3 and Caspase-3 in brain and liver cells as follows: 

Staining prevalence: 0: no stained cells, 1+: less than 
20%, 2+: between 20% -50%, 3+: more than 50%. Stain-
ing Density: 0: No staining, 1+: Poor staining, 2+: Mod-
erately strong staining, 3+: Strong staining. Total Score: 
The sum of the scores obtained from the staining preva-
lence and staining intensity. Low: 0–3 (Low expression 
staining), High: 4–6 (High expression staining). Caspase 
3: Number of positive stained cells in 10 x 200 areas.

Oxidative Stress Level
Total Antioxidant Status (TAS), Total Oxidant Sta-
tus (TOS) and Oxidative Stress Index (OSI) Analysis
TAS levels were measured by automated measurement 
using a kit containing 2,2 “-Azinobis (3-ethylbenzo-
thiazoline 6-sulfonic acid). The results were expressed 
as mmolTrolox® q/L.TOS levels; The color change af-
ter oxidation of Fe+2 to Fe+3 was measured by the TOS 
method based on spectrophotometric measurement of 
the amount of oxidant substances [16]. The results were 
expressed as mol H2O2 q/L. The ratio of TOS to TAS 
is defined as OSI and is a marker of oxidative stress. The 
OSI value was calculated according to the following for-
mula. OSI (arbitrary unit) = [TOS (μmol H2O2 Eq/L)/
TAS (μmolTroloxEq/L) × 10] [17].

Biochemical Parameters
ALT, AST determinations in serum samples were per-
formed using a commercial kit (Roche, Germany) on a 
Hitachi/P800 modular auto analyzer (Roche, Germany).

Statistical Analysis
Descriptive statistics for continuous variables in our 

study were expressed as Median, Mean, Standard De-
viation, Minimum and Maximum values. For categori-
cal variables, they were expressed as Number and Per-
centage. Kruskal-Wallis test was used to compare group 
means concerning continuous variables. Relevant post 
hoc tests were used to determine different groups. A 
chi-square test was used to determine the relationship 
between groups and categorical variables. The statistical 
significance level was set as 5% and SPSS (ver.24) statis-
tical package program was used for the calculations.

RESULTS

The rats in the HD3 group had significantly reduced ac-
tivities, such as eating and drinking water, compared to 

Groups liver* Prevalence % Density Total score 
 Mean±SD Mean±SD Mean±SD

C 4.13±1.73ab 3.00±0.00a 4.00±0.00a

LD1 2.38±1.51bc 2.87±0.35a 3.87±0.35a

HD1 3.00±2.93abc 2.00±1.07b 3.00±1.07b

LD3 4.71±2.69a 3.00±0.00a 4.00±0.00a

HD3 1.63±0.74c 2.13±0.99b 3.13±0.99b

p 0.006 0.018 0.020

SD: Standard deviation; C: Control; LD1: Low dose 1-day group; HD1: High dose 
1-day group; LD3: Low dose 3-day group; HD3: High-dose 3-day group (HD3) 
(p<0.05); a, b, c: Shows statistically significant difference between groups; 
*: The prevalence score is 1.00±0.00 for all groups.

Table 1. COX-3 level in the liver

Groups brain* Prevalence % Density Total score 
 Mean±SD Mean±SD Mean±SD

C 2.25±1.83 3.00±0.00 4.00±0.00
LD1 1.75±0.71 2.63±0.74 3.63±0.74
HD1 2.25±1.67 2.75±0.71 3.75±1.71
LD3 1.38±0.52 2.38±0.74 3.38±0.74
HD3 1.50±0.53 2.50±0.76 3.50±0.76
p 0.694 0.217 0.217

SD: Standard deviation; C: Control; LD1: Low dose 1-day group; HD1: High 
dose 1-day group; LD3: Low dose 3-day group; HD3: High-dose 3-day group 
(HD3); *: The prevalence score is 1.00±0.00 for all groups.

Table 2. COX-3 level in the brain
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the other groups. There was also a significant reduction 
and inactivity in night activities.

When the liver COX-3 level was evaluated according 
to the total score, it was statistically significantly lower in 
both groups with high doses (p<0.05). There was no sta-
tistically significant difference in COX-3 levels between 
the groups in the brain (p>0.05) (Table 1, 2, Fig. 1).

When the PGE2 level was evaluated according to the 
total score, there was no statistically significant differ-
ence in both liver and brain (p>0.05). Only the staining 
prevalence in the brain was statistically lower in LD3 and 
HD3 groups compared to control and LD1 groups (Ta-
bles 3, 4, Fig. 2).

The levels of caspase 3 in the liver were significantly 
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F

Figure 1. COX-3 in the liver, (A) Control group (B) High dose 1 day group (C) High dose 3 day group. COX-3 level in both groups sig-
nificantly lower then control p<0.05. COX-3 in the brain, (D) Control group (E) High dose 1 day group (F) High dose 3 day group. 
There is no statistically significant difference between groups (p>0.05). Immunohistochemical staining (x200 Magnification).

Groups liver* Prevalence % Density Total score 
 Mean±SD Mean±SD Mean±SD

C 4.38±2.00 3.00±0.00 4.00±0.00
LD1 3.13±1.64 2.63±0.52 3.63±0.52
HD1 2.63±1.30 2.50±0.76 3.50±0.76
LD3 4.00±2.00 3.00±0.00 4.00±0.00
HD3 2.50±2.00 2.63±0.74 3.63±0.74
p 0.154 0.169 0.171

SD: Standard deviation; C: Control; LD1: Low dose 1-day group; HD1: High 
dose 1-day group; LD3: Low dose 3-day group; HD3: High-dose 3-day group 
(HD3); *: The prevalence score is 1.00±0.00 for all groups.

Table 3. PGE2 level in the liver

Groups brain* Prevalence % Density Total score 
 Mean±SD Mean±SD Mean±SD

C 6.63±4.00a 3.00±0.00 4.00±0.00
LD1 5.88±3.60a 2.87±0.35 3.87±0.35
HD1 3.88±1.46ab 2.75±0.46 3.75±0.46
LD3 2.50±1.20b 2.87±0.35 3.87±0.35
HD3 2.38±1.06b 3.00±0.00 4.00±0.00
p 0.036 0.435 0.433

SD: Standard deviation; C: Control; LD1: Low dose 1-day group; HD1: High dose 
1-day group; LD3: Low dose 3-day group; HD3: High-dose 3-day group (HD3) 
(p<0.05); a, b, c: Shows statistically significant difference between groups. 
*: The prevalence score is 1.00±0.00 for all groups.

Table 4. PGE2 level in the brain
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higher in the LD1 and LD3 groups compared to the 
other groups (p<0.05). In the brain, there was no sta-
tistically significant difference between the groups at 
the caspase 3 level (p>0.05) (Table 5, Fig. 3). Hema-
toxylin eosin staining showed no liver and brain tissue 
necrosis (Fig. 4).

The levels of TAS in the liver were significantly higher 
in the high-dose paracetamol group compared to the con-
trol and 24-hour low-dose paracetamol group (p<0.05). 
TOS levels were significantly higher in the group treated 
with high dose paracetamol for only three days compared 
to the other groups (p<0.05) (Table 6).

OSI values were also significantly higher in the 
group administered with high dose paracetamol for 
three days, similar to TOS (p<0.05). In contrast to 
the liver, TAS levels in the brain were significantly 
lower in the high-dose groups than in the other 
groups (p<0.05). TOS and OSI levels were signif-
icantly higher in the group treated with high dose 
paracetamol for only three days compared to the other 
groups similar to the liver (p<0.05) (Table 6). There 
was no statistically significant difference in ALT and 
AST values between control and paracetamol treated 
groups (p>0.05) (Table 7).

A
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F

Figure 2. PGE2 in the liver, (A) Control group (B) High dose 1 day group (C) High dose 3 day group. PGE2 in the brain, (D) Control 
group (E) High dose 1 day group (F) High dose 3 day group. There is no statistically significant difference between groups in both 
the liver and brain p>0.05. Immunohistochemical staining (x200 Magnification).

Caspase 3 C LD1 HD1 LD3 HD3 p 
 Mean±SD Mean±SD Mean±SD Mean±SD Mean±SD

Liver 0.75±0.71b 1.13±0.64a 0.75±0.71b 1.86±0.90a 0.63±0.52b 0.041
Brain  0.00±0.00 0.25±0.46 0.38±0.52 0.25±0.46 0.25±0.46 0.498

SD: Standard deviation; C: Control; LD1: Low dose 1-day group; HD1: High dose 1-day group; LD3: Low dose 3-day group; HD3: High-dose 3-day group (HD3) 
(p<0.05); a, b, c: Shows statistically significant difference between groups.

Table 5. Caspase 3 level in the liver and the brain
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DISCUSSION

COX-2, which is induced by various pathogens, leads to 
the formation of PGE2 and microsomal prostaglandin E 
synthase-1 (mPGES-1), which are the main factors in 

the formation of fever and pain. Conventional NSAIDs 
inhibit the COX-2 enzyme expressed in pathological 
conditions and reduce fever by decreasing PGE2 [17]. 
Paracetamol, similar to NSAIDs, also acts by inhibiting 
the formation of COX enzyme-bound PGE2. However, 

A
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Figure 3. Caspase 3 in liver, (A) Control group (B) Low dose 1 day group (C) Low dose 3 day group (caspase 3 score in both groups 
was statistically higher than control group p<0.05). Caspase 3 in brain, (D) Control group (E) Low dose 1 day group (F) Low dose 
3 day group (no statistically significant difference between groups (p>0.05). Immunohistochemical staining (x200 magnification).
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Figure 4. Liver and brain sections with hematoxylin eosin staining. Liver, (A) Low dose 1 day group (B) High dose 1 day group 
(C) Low dose 3 day group (D) High dose 3 day group. Brain (E) Low dose 1 day group (F) High dose 1 day group (G) Low dose 
3 day group (H) High dose 3 day group. There is no necrosis all groups in both liver and brain (x400 magnification).
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it has been suggested that it has no effect on the COX 
enzyme in peripheral tissues due to a lack of anti-inflam-
matory effect [18]. Various studies have supported this 
claim and found that it does not inhibit COX enzyme in 
peripheral tissues, such as the stomach [19]. In addition, 
the absence of side effects of NSAIDs on the gastroin-
testinal system and hemostasis in paracetamol support-
ed the view that there was no effect on peripheral COX, 
and its main role was suggested as COX enzyme in CNS. 
Studies on the subject have shown that lipopolysaccha-
ride-induced fever in CNS is reduced by inhibiting the 
COX-2 [19]. Paracetamol does not inhibit the peripheral 
COX enzyme but only conducts central COX enzyme 
inhibition in two ways. The first is that paracetamol only 
inhibits the catalytic active form without binding to the 
active site of the COX enzymes. Peroxidase activity in 
the COX enzyme is quite high in peripheral tissues com-
pared to the brain. This explains why paracetamol only 
affects CNS [20]. The other view is that in studies with 
dogs in the 2000s COX– 1 mRNA with two different in-
tron-1 regions was detected, and a new COX – 1 variant 
encoded by the same gene was found. This new variant of 

COX-1 is named COX-3. It has been claimed that this 
variant, especially found in the brain and spinal cord, may 
have a role in pain sensitivity and that paracetamol has 
analgesic and antipyretic effects by inhibiting the COX-3 
in CNS [2]. In addition to these two basic mechanisms, 
paracetamol has been found to have an effect on CNS 
and different systems. For example, it has been shown to 
regulate the endogenous cannabinoid system and activate 
the vanilloid type 1 receptor. This contributes to the an-
algesic and antipyretic properties of paracetamol. Because 
of this effect, some patients using paracetamol have been 
reported to have relaxation, well-being and relief [21, 22]. 
The findings of our study were in contradiction with the 
publications suggesting that paracetamol acts by inhibit-
ing the COX-3 enzyme in the brain. Although there was 
no statistically significant difference between the groups 
in COX-3 enzyme levels in the brain, COX-3 levels were 
significantly lower in groups treated with high dose parac-
etamol in the liver compared to the other groups (p>0.05, 
p<0.05, respectively). The similarity of COX-3 levels in 
the control groups in the liver and brain is also different 
from the reports that COX-3 is a localized variant only 

 C LD1 LD3 HD1 HD3 p 
 Mean±SD Mean±SD Mean±SD Mean±SD Mean±SD

ALT (mg/dL) 36.40±4.98 36.17±5.04 30.20±8.44 34.60±9.40 30.80±7.53 >0.05
AST (mg/dL) 141.00±2.03 120.17±2.06 122.80±2.44 146.80±3.84 104.00±3.07 >0.05

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; SD: Standard deviation; C: Control; LD1: Low dose 1-day group; HD1: High dose 1-day group; LD3: 
Low dose 3-day group; HD3: High-dose 3-day group (HD3).

Table 7. ALT and AST levels in the liver and the brain

 Liver TAS Liver TOS Liver OSI Brain TAS Brain TOS Brain OSI 
 Mean±SD Mean±SD Mean±SD Mean±SD Mean±SD

C 2.74±0.23b 18.03±0.53c 672.38±61.46b 3.80±0.09a 18.76±0.76c 493.43±13.98b

LD1 2.67±0.18b 16.53±0.93c 629.29±52.64b 3.92±0.12a 23.20±1.37b 594.78±47.76b

LD3 3.01±0.13ab 23.62±1.60b 786.44±54.71b 3.29±0.24b 24.23±1.23b 749.34±65.52b

HD1 3.48±0.19a 27.11±1.88b 780.56±81.18b 2.39±0.11c 19.37±1.33c 816.94±69.09b

HD3 3.53±0.31a 37.87±3.10a 1119.21±131.90a 1.94±0.24d 38.38±2.41a 2061.06±237.43a

TAS: Total antioxidant; TOS: Total oxidant; OSI: Oxidative Stress Index; SD: Standard deviation; C: Control; LD1: Low dose 1-day group; HD1: High dose 1-day group; 
LD3: Low dose 3-day group; HD3: High-dose 3-day group (HD3) (p<0.05); a, b, c: Shows statistically significant difference between groups.

Table 6. TAS- TOS and OSI levels in liver and brain
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in the brain. Although paracetamol inhibits the COX-
3 enzyme level in the liver at high doses, the absence of 
any effect in the brain may be due to its effect on the 
above-mentioned peroxidase catalytic level. In the COX-
3 enzyme, catalytic activity may be more in the liver, as 
opposed to COX-2. When PGE2 levels were evaluated, 
there was no statistically significant difference between 
groups in both the liver and brain. However, only the per-
centage of PGE2 in the brain was significantly lower in 
the LD3 and HD3 groups than in the C and LD1 groups. 
Although paracetamol inhibits the COX-3 enzyme in the 
liver, it does not change the PGE2 level, indicating that 
the COX-3 enzyme has no effect on the basal PGE2 level. 
These results also support studies that paracetamol has 
no effect on peripheral PGE2. However, in our study, bas-
al COX-3 and PGE2 levels were evaluated, so new studies 
are needed to investigate the effects of paracetamol on the 
all COX enzymes (1,2,3) and PGE2 levels in all central 
and peripheral tissues in pathological conditions induced 
by various pathogens, such as LPS and fever.

NAB after high-dose paracetamol causes toxicity in 
hepatocytes by several chain mechanisms. First, NAB 
inhibits Ca-Mg/ATP-ase pump in membranes, leading 
to intracellular calcium (Ca) deposition Accumulated Ca 
causes calpain activation, while calpain may lead to deg-
radation of structural proteins in hepatocytes and conse-
quently to necrosis. The second mechanism is increased 
ROS, which plays a major role in paracetamol toxicity. 
Nitric oxide (NO) has been shown to be the most im-
portant of the ROS formed in various studies. NO is 
converted to toxic peroxynitrite, which causes cellular 
damage to mitochondria with superoxides. Furthermore, 
oxidative stress leads to increased mitochondrial mem-
brane permeability (MPT) in the cells, resulting in mito-
chondrial swelling, mitochondrial pore opening, caspase 
3 activation through cytochrome C, and apoptosis [18, 
23]. However, decreased ATP in the cells due to toxic-
ity inhibits apoptosis, leading to direct necrosis of the 
cells [24]. In recent years, two different mechanisms have 
been proposed in liver toxicity caused by paracetamol. 
ROS has been shown to cause Mitogen-Activated Pro-
tein Kinases (MAPK) activation, while MAPK phos-
phorylates c-Jun N-terminal kinase ( JNK), known as 
the death receptor in cells, causing necrosis via MPT [9, 
25]. Another mechanism is necrosis caused by the acti-
vation of protein Kinase-1 (RIPK1) and RIPK3 protein 
complex [26]. Although liver toxicity of paracetamol is 
well known, our study contributes to show that there are 
different mechanisms of this toxicity. For example, as the 

team designing the experiment, although intraperitoneal 
administration of paracetamol at a dose of 500 mg/kg, 
consistent with the literature, we found no necrosis in 
the liver interestingly. The fact that ALT and AST values 
do not increase in parallel supports that necrosis does 
not occur. The absence of hepatotoxicity may be caused 
by a genetic variation that we could not predict in the rats 
we used in the experiment, or it could have prevented 
damage by the presence of different mechanisms at high 
doses. However, the necessity of reevaluating the dose 
of paracetamol causing liver toxicity is not overlooked. 
Although there was no necrosis, the caspase 3 enzyme 
was significantly higher in the low dose groups compared 
to the other groups (p<0.05). This suggests that liver 
toxicity may be caused by apoptosis in cells in low-dose 
paracetamol. The absence of apoptosis at high doses may 
be due to the above mentioned ATP reduction. In ac-
cordance with the literature showing that paracetamol 
causes liver damage via free oxygen radicals, the results 
of our study present that the OSI value in the HD3 
group was statistically significantly higher than the other 
groups (p<0.05). However, the lack of necrosis despite 
this increased OSI value suggests that there may be other 
mechanisms in liver toxicity caused by paracetamol from 
those known to date. Comprehensive studies on this sub-
ject are planned.

Another organ with the toxic effects of paracetamol 
is the brain. Ammonia (NH4), which cannot be con-
verted to a non-ionized (NH3) form due to ALF, easily 
penetrates the CNS, where it is converted to glutamine 
formation by glutamine synthase. Increased glutamine 
causes osmotic stress and astrocyte toxicity. This phe-
nomenon is the main mechanism of paracetamol toxic-
ity [18]. However, paracetamol directly increases ROS 
and oxidative stress even without ALF, causing toxici-
ty in CNS [9]. In mice, toxic doses of paracetamol in-
creased ROS and decreased Na/K ATPase activity and 
impaired mitochondrial functions [27]. Similarly, in a 
recently published study, paracetamol at a dose of 1 g/
kg has been shown to have toxic effects on neuron cells 
without ALF. Again in this study, rats were hypoactive 
due to the inhibitory effects of paracetamol on the do-
paminergic pathway and dopamine [28]. In a different 
study, paracetamol caused neuronal damage in the rat 
brain dose dependently. In the same study, it was shown 
to increase apoptosis via cytochrome c and caspase 3 
depending on the dose and time in cortical neuron cell 
culture in vitro [29]. In addition, paracetamol has been 
shown to increase ROS and decrease cell proliferation in 
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various CNS-derived tumor cell lines, such as neuroblas-
toma [30]. However, there are studies that paracetamol 
has opposite or paradoxical effects on brain cells. For 
example, paracetamol at a dose of 15 mg/kg was found 
to reduce brain damage and apoptosis after hypovolemia 
[31]. Again, in mice, it was found that paracetamol cor-
rected LPS-induced inflammation, neuronal damage and 
impaired cognitive functions by reducing oxidative stress 
and apoptosis [32]. Similarly, in a study on hippocampal 
cell culture, it was shown that paracetamol protects cells 
and reduces apoptosis by reducing oxidative stress and 
lipid peroxidation [15]. The results of our study differ 
slightly from the above-mentioned studies. There was no 
difference in the levels of apoptosis in the brain between 
the paracetamol and control groups (p>0.05). These 
results show that, unlike the liver, paracetamol has no 
effect on apoptosis in the brain in our study. However, 
similar to the liver, the levels of OSI in the brain were 
significantly higher than in the other groups, especially 
in high-dose groups, and this value was almost twice that 
of the liver. These results suggest that the toxicity that 
may occur as a result of oxidative stress in the brain may 
be much higher than the liver. The lack of apoptosis, al-
though the OSI is so high, maybe due to ATP deficiency 
as in the liver. The absence of necrosis also suggests that 
there are many mechanisms that need to be investigat-
ed differently, as in the liver. In addition, the decrease in 
feeding, drinking and activity of rats in the HD3 group 
supports the studies on the effects of paracetamol on the 
cannabinoid system or dopaminergic system.

Conclusion
The findings obtained in this study suggest that COX-
3 enzyme is expressed in peripheral and CNS, parac-
etamol inhibits this enzyme in the liver but has no effect 
on the level of COX-3 in the brain. Again, no change in 
PGE2 level indicates that COX-3 enzyme had no effect 
on PGE2 production. It also shows that paracetamol 
causes apoptosis in the liver, even at low doses, and may 
cause toxicity by increasing ROS in the brain, especially 
at higher doses.
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