
Vol.:(0123456789)

Naunyn-Schmiedeberg's Archives of Pharmacology 
https://doi.org/10.1007/s00210-023-02937-0

RESEARCH

Evaluation of the protective effect of losartan 
in acetaminophen‑induced liver and kidney damage in mice

Serkan Şahin1  · Ayça Çakmak Aydın1 · Ayşe Yeşim Göçmen2 · Emin Kaymak3

Received: 25 August 2023 / Accepted: 28 December 2023 
© The Author(s) 2024

Abstract
Acetaminophen is widely used among humans as an antipyretic and analgesic. In this study, the protective effect of losartan 
in hepatotoxicity and nephrotoxicity induced by acetaminophen in mice was investigated owing to its anti-inflammatory and 
antioxidant effects. An injection of a single dose of 500 mg/kg (i.p.) acetaminophen was administered to induce hepatotoxicity 
and nephrotoxicity in Groups VI–X. Losartan at doses of 1 mg/kg (Group VII), 3 mg/kg (Group VIII), and 10 mg/kg (Groups 
III, V, IX, and X) was injected intraperitoneally twice, at 1 and 12 h after the acetaminophen injection. Additionally, a 4 mg/
kg dose of GW9662 (peroxisome proliferator-activated receptor gamma (PPAR-γ) antagonist) was injected intraperitoneally 
30 min before the losartan injections in Groups V and X. At the end of 24 h, the mice were euthanized, and blood, liver, 
and kidney tissue samples were collected. Levels of AST, ALT, creatinine, and oxidative stress markers including TBARS, 
SOD, CAT, GPx, TAS, TOS, GSH, and GSSG, along with pro-inflammatory cytokines IL-1β, IL-6, IL-8, IL-10, IL-17, and 
TNF-α, were measured using ELISA kits. Additionally, a histological evaluation of the tissue samples was performed. Aceta-
minophen causes increases in the levels of AST, ALT, creatinine, TBARS, TOS, GSSG, IL-1β, IL-6, IL-8, IL-10, IL-17, and 
TNF-α in serum, liver, and kidney tissue. Meanwhile, it led to a decrease in the levels of SOD, CAT, GPx, TAS, and GSH. 
Losartan injection reversed oxidative and inflammatory damage induced by acetaminophen. Histopathological changes in 
liver and kidney tissue were alleviated by losartan. The substance GW9662 increased the protective effect of losartan. In 
light of all the data obtained from our study, it can be said that losartan has a protective effect on liver and kidney damage 
induced by acetaminophen due to its antioxidant and anti-inflammatory effects. In terms of the study, losartan was found to 
be an alternative substance that could protect people from the harmful effects of acetaminophen.
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Introduction

The liver plays a very important role in the metabolism of 
drugs and other xenobiotics. Liver damage may occur as 
a result of excessive intake of drugs and other xenobiot-
ics (Al Kury et al. 2020; Abbasi et al. 2021). Excessive 
augmentation in the levels of free oxygen radicals causes a 
decline of thiols and consequently lipid peroxidation. Lipid 

peroxidation can cause cell membrane damage and then liver 
damage (Al Kury et al. 2020).

Acetaminophen is one of the most used non-prescrip-
tion drugs for antipyretic-analgesic purposes in most 
countries. For this reason, acetaminophen is one of the 
drugs that most commonly cause predictable liver dam-
age (Budnitz et al. 2011). Liver damage caused by drugs 
is a great problem worldwide. Drug-induced liver damage 
can be divided into two classes, idiosyncratic and predict-
able liver damage (Hartmut et al. 2014). Idiosyncratic liver 
damage can occur mainly in susceptible patients, at thera-
peutic doses, days or months after initiation of therapy. 
Although it is estimated that adaptive immune mechanisms 
play a substantial role in the emergence of idiosyncratic 
liver damage, the exact mechanism of occurrence has not 
been fully defined (Kaplowitz 2005; Uetrecht and Naisbitt 
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2013). Predictable liver damage is mainly caused by delib-
erate or accidental drug overdose.

Acetaminophen causes its harmful effects on the 
liver mainly through N-acetyl-p-benzoquinoneimine, an 
extremely toxic metabolite formed by cytochrome CYP 
2E1 and CYP 1A2 enzymes. This metabolite can bind 
covalently to some intracellular molecules such as DNA, 
reduce glutathione (GSH), bring about oxidative stress, 
and change the amount of calcium and/or thiol in hepato-
cytes. As a result of these events, liver failure may develop 
(Zaher et al. 1998; Sohrabinezhad et al. 2019). However, 
hepatic inflammatory cytokines have a role in liver dam-
age caused by acetaminophen (Al Humayed et al. 2019).

Acetaminophen-induced hepatotoxicity in mice resem-
bles hepatotoxicity in humans taking overdoses of aceta-
minophen in many basic mechanisms. However, liver 
damage after an overdose of acetaminophen develops 
more rapidly in mice than in humans. The mouse model 
of acetaminophen-induced hepatotoxicity was described in 
the 1970s (Mitchell et al. 1973). Alanine aminotransferase 
(ALT), one of the indicators of liver cell death, reaches its 
highest level between 12 and 24 h in mice and 36–48 h in 
humans after a taking overdose of acetaminophen (Larson 
2007; McGill et al. 2013). Although nephrotoxicity due to 
acetaminophen overdose is less common than hepatotox-
icity, it can cause single or multiple organ failure. Renal 
failure has been reported in 1–2% of patients exposed to 
acetaminophen overdose (Güvenç et al. 2020).

PPAR-γ has been demonstrated to have a protec-
tive effect on tissue protection and repair, especially in 
ischemic damage (Koh et al. 2013). PPAR-γ activation 
inhibits inflammation and oxidative stress. Angioten-
sin receptor blockers (ARBs) have been shown to have 
an agonistic effect on PPAR-γ. ARBs also reduce oxida-
tive stress (Goyal et al. 2011; Pang et al. 2012; Helal and 
Samra 2020).

Losartan (2-N-butyl-4-chloro-5-hydroxymethyl-1-[(2′-
(1H-tetrazol-5-yl)biphenyl-4-yl)methyl]imidazole) is a 
genuine angiotensin II (Ang II) type I receptor (AT1R) 
inhibitör. It is used for the balance of fluid homeostasis and 
blood pressure. Losartan has been shown to have a protec-
tive effect on the liver in different models of nephrotoxic-
ity and hepatotoxicity. However, Ang II enhances vascular 
permeability, stimulates inflammatory cells, and activates 
proinflammatory cytokines and chemokines. Losartan has 
been shown to exert a protective effect through PPAR-γ in 
various experimental models of ischemia/reperfusion (Koh 
et al. 2013).

Our study is the first to assess the impact of losartan on 
liver and kidney damage induced by acetaminophen. This 
study aimed to investigate the availability of an alternative 
substance that can protect people from these harmful effects 
of acetaminophen, which is widely used by people as an 

analgesic–antipyretic and causes hepato-renal problems at 
a high rate.

Materials and methods

Chemicals

Acetaminophen, Losartan, and GW9662 were purchased 
from Boston USA Chemistry, MA, USA.

Animals

In this study, approval was obtained from the Erciyes Univer-
sity Animal Experiments Local Ethics Committee (approval 
decision no: 20/112). A total of 130 male and female balb/c 
mice (weight, 25–30 gr.) were obtained from Erciyes Uni-
versity Experimental Research Application and Research 
Center. In the environment where animals are present (22 
°C ± 2 °C), 12 h of light/12 h of dark lighting cycle and an 
average humidity of 50 ± 5% were provided. The animals’ 
water and feed intake are freed (Helal and Samra 2020). In 
order for the animals to get used to the experimental environ-
ment, they were started to be kept in the environment where 
the experiments were carried out one week in advance.

Experimental design

Feeding to mice was stopped 10 h before the start of the 
experiments, but water was continued. Mice were divided 
into 10 groups with 13 mice in each group. Hepatotoxicity 
was not established in the first 5 groups, which were the 
control groups. In the VI and X groups, hepatotoxicity and 
nephrotoxicity were induced by intraperitoneal administra-
tion of 500 mg/kg acetaminophen (Kaushik et al. 2017a; 
Zhao et al. 2018). The 10 groups are as follows:

• Group I (CTRL) (n:13); 0.9% saline was injected (i.p.) 
(Helal and Samra 2020).

• Group II (CTRL/DMSO) (n:13); 4% DMSO was injected 
(i.p.) (6,7,13).

• Group III (CTRL/LOS10) (n:13); Losartan was injected 
(i.p.) at a dose of 10 mg/kg 1 h and 12 h after the start of 
the experiments (Zhang et al. 2012; Koh et al. 2013).

• Group IV (CTRL/GW9662) (n:13); 30 min and 11.5 h 
after the start of the experiments, GW9662, a PPAR-γ 
antagonist at a dose of 4 mg/kg, was injected (i.p.) (dis-
solved in 4% DMSO) (Zhang et al. 2012; Koh et al. 2013; 
Helal and Samra 2020).

• Group V (CTRL/LOS10/GW9662) (n:13); Losartan was 
injected (i.p.) at a dose of 10 mg/kg 1 h and 12 h after 
the start of the experiments (Zhang et al. 2012; Koh et al. 
2013). GW9662, a PPAR-γ antagonist was injected (i.p.) at 
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a dose of 4 mg/kg 30 min prior to losartan injections, (dis-
solved in 4% DMSO) (Zhang et al. 2012; Koh et al. 2013; 
Helal and Samra 2020).

• Group VI (APAP) (n:13); Acetaminophen was injected at 
a dose of 500 mg/kg (i.p.) (Helal and Samra 2020).

• Group VII (APAP/LOS1) (n:13); 1 mg/kg losartan was 
injected (i.p.) twice, 1 h and 12 h after the acetaminophen 
injection (Zhang et al. 2012; Koh et al. 2013; Helal and 
Samra 2020).

• Group VIII (APAP/LOS3) (n:13); 3 mg/kg losartan was 
injected (i.p.) twice, 1 h and 12 h after the acetaminophen 
injection (Zhang et al. 2012; Koh et al. 2013; Helal and 
Samra 2020).

• Group IX (APAP/LOS10) (n:13); 10 mg/kg losartan was 
injected (i.p.) twice, 1 h and 12 h after the acetaminophen 
injection (Zhang et al. 2012; Koh et al. 2013; Helal and 
Samra 2020).

• Group X (APAP/LOS10/GW9662) (n:13); 10 mg/kg losar-
tan was injected (i.p.) twice, 1 h and 12 h after the acetami-
nophen injection. In addition, GW9662, a PPAR-γ antago-
nist was injected (i.p.) at a dose of 4 mg/kg 30 min prior to 
losartan injections, (dissolved in 4% DMSO) (Zhang et al. 
2012; Koh et al. 2013; Helal and Samra 2020).

The dose of acetaminophen, losartan, and GW9662 was 
determined as a result of the literature review (Zhang et al. 
2012; Koh et al. 2013; Helal and Samra 2020). At 24 h after 
acetaminophen injection, animals were sacrificed under ket-
amine (75 mg/kg)/xylazine (10 mg/kg) anesthesia, and blood 
samples were obtained. Blood samples were centrifuged at 
3000 rpm for 5 min, serum-separated, and stored at −80 °C. 
The liver and kidneys of the animals were taken and sec-
tioned into two pieces. One of the pieces was fixed in 10% 
formaldehyde for histopathological examinations. The other 
piece was used for biochemical analysis. Samples taken for 
biochemical analysis were stored at −80 °C until analysis 
(Ulusoy et al. 2016; Abdel-Daim et al. 2017; Kalantari et al. 
2019; Helal and Samra 2020).

Determination of serum transaminases

Serum levels of hepatic function markers alanine ami-
notransferase (ALT), aspartate aminotransferase (AST), and 
creatinine were determined using commercial high-quality 
optimized Elabscience® ELISA test kits (MD, USA) in a 
microplate reader, according to the manufacturer’s instruc-
tions (Zhao et al. 2018; Helal and Samra 2020).

Determination of antioxidant indices 
and proinflammatory cytokines

Superoxide dismutase (SOD), catalase (CAT), and glu-
tathione peroxidase (GPx) activities and Glutathione (GSH) 

and oxidized glutathione (GSSG) levels were measured in 
blood and tissue samples by modified methods (El-Sokkary 
et al. 2007). Colorimetric kits were used to measure the 
total oxidant state (TOS) and total antioxidant state (TAS), 
and malondialdehyde (MDA) was measured as thiobar-
bituric acid reactive substances (TBARS). The analyses 
were repeated twice for each sample. Glutathione content 
was calculated using the formula GSH = Total − GSH(T 
− GSH) − (2 × GSSG). The results of GSH and GSSG were 
normalized to the total protein content and were expressed 
as nmol of GSH or GSSG per mg of protein (nmol GSH/
mg protein or nmol GSSG/mg protein). Oxidative stress 
markers TAS and TOS levels were analyzed as previously 
described (Yılmaz et al. 2020). Commercial enzyme-linked 
immunosorbent (ELISA) assay kits were used to measure 
the serum levels of cytokines (interleukin (IL) −1β, −6, −8, 
−10, −17 and tumor necrosis factor-α (TNF-α) (Elabscience, 
MD, USA)).

Histopathological examination of liver and kidney 
tissue

At the end of the experiment, liver and kidney tissues were 
fixed in 10% formaldehyde solution. After fixation, the tis-
sues were dehydrated by passing through a series of increas-
ing grades of alcohol (50%, 70%, 80%, 96%, 100%). Tissues 
cleared with xylene were embedded in paraffin. Hematoxy-
lin–Eosin (H+E) staining was applied to 5–6-µm thick sec-
tions taken from paraffin blocks, covered with closure solu-
tion (Entellan®, Merck), and examined under Olimpus BX3 
microscope (Zhao et al. 2018; Akin et al. 2021; Kaymak 
et al. 2022).

Statistical analysis

Results are presented as mean ± standard error. Data analy-
sis IBM SPSS 23.0 package program was used. The distribu-
tion characteristics of the data were determined by the Kol-
mogorow–Smirnov test. One-way analysis of variance was 
used for normally distributed datum, followed by Tukey’s 
post hoc test. One-way analysis of variance was used for 
normally distributed data, followed by Tukey’s post hoc test. 
P < 0.05 was considered statistically significant.

Results

A total of 130 male and female balb/c mice were included 
in the study. During the experiment, there was no death in 
both control and acetaminophen-induced hepatoxicity and 
nephrotoxicity groups. All the data obtained as a result of 
the study are shown in the tables. 
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Effect of losartan on serum parameters 
in acetaminophen toxicity

In the APAP group, compared to the CTRL group, there 
was an increase in ALT, AST, creatinine, IL-1β, IL-6, IL-8, 
IL-10, IL-17, TNF-α, TOS, GSSG, and MDA levels by 8.5, 
7.5, 7.3, 7.1, 6.1, 4.1, 3.6, 1.6, 3.2, 3.7, 3.8, and 7.5 times, 
respectively. TAS and GSH levels were decreased by 2.2 
and 2.7 times. A dose-dependent decline in AST, ALT, 
Creatinine, IL-1β, IL-6, IL-8, IL-10, IL-17, TNF-α, TOS, 
GSSG, and MDA levels was observed in the LOS1, LOS3, 
and LOS10 groups after acetaminophen administration. In 
the APAP/LOS10/GW9662 group, a decrease was detected 
in ALT, AST, creatinine, IL-1β, IL-6, IL-8, IL-10, IL-17, 
TNF-α, TOS, GSSG, and MDA levels (Table 1).

Effect of losartan on liver parameters 
in acetaminophen toxicity

It was observed that TBARS, TOS, and GSSG values 
were increased in the APAP group compared to the CTRL 
group (p < 0.05). It was determined that this increase is 
1.6, 1.1, and 1.8 times, respectively. SOD, CAT, GPx, TAS, 
and GSH values were decreased in the APAP group com-
pared to the CTRL group. This decrease is 1.3, 1.5, 1.7, 
1.3, and 1.2 times, respectively. A statistically significant 
increase in GPx, TAS, and GSH values was observed in 
the APAP/LOS1, APAP/LOS3, APAP/LOS10, and APAP/
LOS10/GW9662 groups compared to the APAP group (p < 
0.05). A decrease in TBARS, TOS, and GSSG values was 
observed in the APAP/LOS1, APAP/LOS3, APAP/LOS10, 
and APAP/LOS10/GW9662 groups compared to the APAP 
group (Table 2).

Effect of losartan on renal parameters 
in acetaminophen toxicity

An increase in TBARS, TOS, and GSSG values was 
observed in the APAP group compared to the CTRL group 
(p < 0.05). It was determined this increase is 2.7, 2.5, and 
3.1 times, respectively. SOD, CAT, GPx, TAS, and GSH 
values were decreased in the APAP group compared to the 
CTRL group. This decrease is 1.2, 1,2, 1.5, 1.3, and 1.8 
times, respectively. A decrease was observed in TOS and 
GSSG values in the APAP/LOS3 (p > 0.05), APAP/LOS10 
(p < 0.05), and APAP/LOS10/GW9662 (p < 0.05) groups 
compared to the APAP group (Table 3).

Effect of losartan on liver histopathology 
in acetaminophen toxicity

Liver tissue staining images are shown in Fig. 1. Normal 
histological images were obtained in the liver tissues of the 

CTRL, CTRL/DMSO, CTRL/LOS10, CTRL/GW9662, and 
CTRL/LOS10/GW9662 groups. Necrotic cells, pycnotic 
nuclei, inflammatory areas, and vacuolized hepatocytes were 
observed in the liver tissue of the APAP group. These dam-
ages were absent in the APAP/LOS1, APAP/LOS3, APAP/
LOS10, and APAP/LOS10/GW9662 groups.

Effect of losartan on renal histopathology 
in acetaminophen toxicity

Renal tissue staining images are shown in Fig. 2. Normal 
histological images were obtained in the kidney tissues of 
the CTRL, CTRL/DMSO, CTRL/LOS10, CTRL/GW9662, 
and CTRL/LOS10/GW9662 groups. Glomerular damage, 
tubular epithelial shedding, and hemorrhagic areas were 
observed in the kidney tissue of the APAP group. These 
damages were absent in the APAP/LOS1, APAP/LOS3, 
APAP/LOS10, and APAP/LOS10/GW9662 groups.

Discussion

In this study, whether losartan reduces hepatotoxicity and 
nephrotoxicity induced by acetaminophen in mice and its 
possible mechanisms of action were investigated. Although 
losartan is widely used in the treatment of hypertension, its 
protective effect has also been shown in the damage caused 
by ischemia/reperfusion in tissues such as the liver, kid-
ney, and ovary due to its anti-inflammatory and antioxidant 
effects (Yao et al. 2007; An et al. 2010; Koh et al. 2013; 
Silveira et al. 2013; Hortu et al. 2020). Acetaminophen is 
widely used as an analgesic and antipyretic; hepatotoxicity 
due to overdose is one of the important problems frequently 
encountered in clinics (Shi et al. 2019; Ahmad et al. 2019). 
The limited therapeutic approaches related to this issue have 
led to the intensification of studies to find new therapeutic 
approaches (Zhao et al. 2018). The hepatotoxicity model 
induced by acetaminophen in experimental animals has 
greatly contributed to the progress of these studies (Ahmad 
et al. 2019). In our study, an increase in serum AST and 
ALT due to acetaminophen hepatotoxicity and creatinine 
levels due to nephrotoxicity was observed in accordance 
with other literature (Murad et al. 2016; Zhang et al. 2017; 
Sohrabinezhad et al. 2019). When hepatocellular integrity 
is disrupted for various reasons, ALT and AST leak into the 
bloodstream and their levels rise in the blood (Sohrabin-
ezhad et al. 2019). Acute renal tubular necrosis and impaired 
renal function due to acetaminophen nephrotoxicity are man-
ifested by increased serum creatinine levels (Murad et al. 
2016). Losartan dose-dependently improved ALT and AST 
levels. It can be said that the reason for this improvement is 
due to the restoration of hepatocellular integrity by losartan. 
Similarly, losartan’s dose-dependent lowering of creatinine 
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level could be explained by acetaminophen-induced reversal 
of renal tubular necrosis.

In a study evaluating the protective effect of taurine in 
acetaminophen-induced nephrotoxicity, it was determined 
that taurine reversed the increase in MDA and GSSG levels 
and the decrease in GSH SOD, CAT, and GPx levels which 
are oxidative stress markers in the kidney tissue, after aceta-
minophen administration. It was stated that the improvement 
in these markers indicates the protective effect of taurine on 
acetaminophen-induced nephrotoxicity (Das et al. 2010). In 
our study, the decrease in oxidative stress markers GSH, 
GPx, and TAS in kidney tissue after acetaminophen injec-
tion was reversed by losartan dose-dependently. This data 
shows that losartan reduces the oxidative stress in the kidney 
tissue and allows the healing of the kidney tissue. Oxidative 

stress is accepted as the main mechanism in hepatotoxicity 
induced by acetaminophen. Substances that have a protective 
effect on the liver mostly form activities by reducing oxida-
tive stress (Ahmad et al. 2019). In our study, the adminis-
tration of high-dose acetaminophen caused an increase in 
TOS, GSSG, and MDA levels, while decreasing the lev-
els of TAS and GSH, which are oxidative stress markers. 
Losartan administration caused an improvement in serum 
TAS, GSH, TOS, GSSG, and MDA levels depending on the 
dose. In studies evaluating the protective efficacy of Tinos-
pora cordifolia and Boerhavia diffusa extracts, irbesartan, 
n-acetylcysteine, and taurine in hepatotoxicity induced by 
acetaminophen; it has been shown that these test substances 
cause an increase in GSH and TAS levels after acetami-
nophen injection and a decrease in TOS, GSSG, and MDA 

Fig. 1  Liver tissue hematoxylin and eosin images. A CTRL group; 
B CTRL/DMSO group; C CTRL/LOS10 group; D CTRL/GW9662 
group; E CTRL/LOS10/GW9662 group; F, G, and H APAP group 
(the arrow shows necrotic cells in F, the arrow shows inflamma-

tory areas in G, the arrow shows cells with pycnotic nuclei in H); J 
APAP/LOS1 group; K APAP/LOS3 group; L APAP/LOS10 group; 
and M indicates APAP/LOS10/GW9662 group. Image magnification 
at 200×
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levels (Acharya and Lau-Cam 2010; Kaushik et al. 2017b; 
Yoshioka et al. 2018; Helal and Samra 2020). The improve-
ment in TAS, GSH, TOS, GSSG, and MDA levels, which 
are oxidative stress markers, can be considered an indication 
that losartan has a protective and curative effect by reducing 
oxidative stress in hepatotoxicity induced by acetaminophen. 
In a study evaluating the effect of taxifolin on hepatotoxic-
ity induced by acetaminophen, it was shown that taxifolin 
improved the levels of MDA, ROS, GSH, and GPx in liver 
tissue. The improvement in these values was accepted as 
an indicator of the hepatoprotective effect of taxifolin (Hu 
et al. 2019). Similarly, in our study, it can be said that the 
improvement in oxidative stress markers in liver tissue is 
related to the hepatoprotective effect of losartan.

In our study, it was observed that there was more improve-
ment in the levels of oxidative stress markers in the group 
in which losartan and GW9662 (PPAR-γ antagonist) were 
given together. Koh et al. (2013) contrary to their studies, 
in which they stated that losartan ameliorates I/R-induced 
liver damage via PPAR-γ; the data obtained as a result of 
our study indicate that antagonizing PPAR-γ increases the 
curative effect of losartan. In addition, Seargent et al. (2004) 
in their studies, the PPARγ antagonist GW9662 has been 
shown to inhibit the growth of human breast tumor cells. In 
the same study, it was determined that although GW9662 
prevented the PPARγ activation caused by rosiglitazone, it 
increased the anticancer effect of rosiglitazone. Wojtowicz 

et al. (2014), in their study, showed that GW9662 caused an 
increase in the apoptotic and neurotoxic effects of TBBPA, 
although it prevented the decrease in PPARγ protein level 
caused by tetrabromobisphenol A (TBBPA). Considering the 
data we obtained in our study and these two studies, it can be 
said that not only PPARγ is involved in the improvement of 
acetaminophen-induced hepatotoxicity and nephrotoxicity 
by losartan, but also plays a role in different mechanisms.

In liver and kidney cells, some substances (nuclear 
DNA fragments, mitochondrial DNA (mtDNA), heat-
shock proteins, hyaluronic acid, etc.) released together 
with the damage caused by excessive doses of aceta-
minophen induce the transcription of proinflammatory 
cytokines. The release of proinflammatory cytokines 
causes an increased concentration of neutrophils and 
monocytes, exacerbating liver and kidney tissue damage. 
Accordingly, the inflammation that develops as a result 
of acetaminophen administration causes further aggrava-
tion of the damage (Das et al. 2010; Silveira et al. 2013; 
Hartmut et al. 2014). In a study evaluating the effect of 
losartan in rats with experimental arthritis, due to the anti-
inflammatory effect of losartan, it has been determined 
that it reduces joint hypernociception and helps to nor-
malize joint functions (Silveira et al. 2013). In our study, 
IL-1β, IL-6, IL-8, IL-10, IL-17, and TNF-α levels, which 
are markers of the inflammatory response, increased after 
acetaminophen administration. Losartan administered at 

Fig. 2  Renal tissue hematoxylin and eosin images. A CTRL group; 
B CTRL/DMSO group; C CTRL/LOS10 group; D CTRL/GW9662 
group; E CTRL/LOS10/GW9662 group; F APAP group (arrow indi-
cates hemorrhagic areas, arrowhead indicates glomerular damage, 

asterisk (*) indicates tubular epithelial shedding); G APAP/LOS1 
group; H APAP/LOS3 group; J APAP/LOS10 group; and K indicates 
APAP/LOS10/GW9662 group. Image magnification at 200×
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different doses caused a dose-dependent decrease in IL-1β, 
IL-6, IL-8, IL-10, IL-17, and TNF-α levels. When these 
results are evaluated, it can be said that the anti-inflamma-
tory effect of losartan contributes to the improvement in 
acetaminophen hepatotoxicity and nephrotoxicity.

Oxidative stress and inflammation are two fundamen-
tal processes that play a crucial role in the pathogenesis 
of many pathological conditions. The complex interplay 
between these two biological events can lead to signifi-
cant consequences at both the cellular level and the over-
all health of the organism. Oxidative stress arises from an 
increased formation of free radicals and the inadequacy of 
antioxidant defense systems within cells. Oxidative dam-
age to cell membranes, proteins, and nucleic acids affects a 
cascade of signaling pathways within the cell (Sies 2015). 
Inflammation, on the other hand, is the organism’s defense 
mechanism against pathogens or tissue damage, initiated 
through cytokines, chemokines, and other mediators. These 
molecular signaling pathways are critical points influenced 
by oxidative stress (Sies 2015). Oxidative stress can initi-
ate inflammation by causing cellular damage. Conversely, 
the inflammatory response can influence oxidative stress by 
regulating antioxidant systems. This mutual interaction can 
lead to extensive biochemical changes within cells and tis-
sues (Valko et al. 2007). Specifically, lipid peroxidation and 
imbalance in the antioxidant system can lead to damage to 
liver cells. This situation plays a significant role in the patho-
genesis of liver diseases, especially cirrhosis and fatty liver 
disease (Arroyave-Ospina et al. 2021). Oxidative stress can 
cause damage to renal cells, associated with chronic kidney 
diseases, glomerulonephritis, and other kidney pathologies 
(Wu et al. 2018). In our study, the observed adverse changes 
in markers of oxidative stress and inflammatory response 
following acetaminophen administration were reversed with 
Losartan treatment. This reversal can be considered an indi-
cation of the antioxidant and anti-inflammatory efficacy of 
Losartan.

High doses of acetaminophen have been shown to cause 
pyknotic nuclei, necrotic cells, and vacuolization in the liver 
(Ahmad et al. 2019). In kidney tissue, it has been determined 
that high-dose acetaminophen causes renal tubular damage 
and necrosis (Das et al. 2010). The necrosis, inflammatory 
regions, and pyknotic nuclei were observed in the liver tis-
sue in the group in which acetaminophen was administered 
alone. However, these pathologies were not observed in the 
groups in which acetaminophen was administered together 
with losartan. Hemorrhagic areas, glomerular damage, and 
tubular epithelial shedding were observed in the group in 
which acetaminophen was administered alone. The kidney 
tissue in the acetaminophen + losartan group was observed 
to be similar to that of the control group. The histopathologi-
cal findings obtained in the study support our biochemical 
findings.

Conclusion

In conclusion, in this study, it was determined that losartan 
produced a remarkable improvement in acetaminophen-
induced hepatotoxicity and nephrotoxicity. Inhibition of the 
harmful effects of acetaminophen in the liver and kidney 
through the antioxidant and anti-inflammatory effects of 
losartan may play a role in the curative effect of losartan. 
Thus, losartan was found to be an alternative substance that 
could protect people from these harmful effects of acetami-
nophen. These findings suggest that losartan could be used 
as a potential therapeutic agent for acetaminophen-induced 
liver and kidney injury.
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