Cell Stress and Chaperones (2023) 28:849-859
https://doi.org/10.1007/s12192-023-01376-3

ORIGINAL ARTICLE q

Check for
updates

N-Acetylcysteine may exert hepatoprotective effect by regulating
Meteorin-Like levels in Adriamycin-induced liver injury

Sercan Kaya'® - Tuba Yalcin'© - Ahmet Tektemur?® - Tuncay Kuloglu®

Received: 25 February 2023 / Revised: 20 August 2023 / Accepted: 24 August 2023 / Published online: 5 September 2023
© The Author(s), under exclusive licence to Cell Stress Society International 2023

Abstract

Adriamycin (ADR) is an important chemotherapeutic drug, but it has serious side effects such as hepatotoxicity. This study
aimed to evaluate whether N-acetylcysteine (NAC) has hepatoprotective effects against ADR-induced hepatotoxicity in rats.
In addition, it was aimed to determine how Meteorin-Like (MtrnL), which has pleiotropic effects on immunology, inflam-
mation, and metabolism, is affected by ADR and/or NAC applications in liver tissue. 28 rats were randomly assigned to one
of four equal groups in the study: control (no treatment), NAC (150 mg/kg/day of NAC intraperitoneally (i.p), ADR (15 mg/
kg only on the first day of the experiment), and ADR +NAC (ADR 15 mg/kg on the first day of the experiment+ 150 mg/
kg/day NAC i.p). After 15 days, liver enzyme levels in serum, oxidant/antioxidant parameters in liver tissue, histopathologi-
cal changes, caspase 3 (Casp3) and heat shock protein 70 (HSP-70) immunoreactivities, and MtrnL levels were examined.
Histopathological changes, liver enzyme levels, as well as HSP-70, and Casp3 immunoreactivities increased due to ADR
application. Additionally, MtrnL levels in liver tissue were significantly increased as a result of ADR application. However,
it was detected that the NAC application significantly regulated the ADR-induced changes. Furthermore, it was determined
that NAC administration regulated the changes in ADR-induced oxidative stress parameters. We propose that NAC may
exert a hepatoprotective effect by regulating ADR-induced altered oxidative stress parameters, MtrnL levels, Casp3, and
HSP-70 immunoreactivities in the liver.
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Introduction topoisomerase Il enzyme activity. Disruption of the repli-

cation process terminates the division of cancerous cells.

Adriamycin (ADR) is a frequently used antineoplastic
agent in the clinic. However, it is known to have serious
side effects such as nephrotoxicity, hepatotoxicity, and car-
diotoxicity (El Sayed et al. 2017; Omobowale et al. 2018;
Kaya et al. 2023b). Two theories attempting to explain the
toxicity of ADR have been proposed. The first theory is that
ADR blocks the biosynthesis of macromolecules by inter-
fering with the nitrogenous bases of DNA and inhibiting
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The other is oxidative stress due to overproduction of ADR-
derived free oxygen radicals (ROS) (Prasanna et al. 2020).
Both procedures cause lipid peroxidation, DNA damage, and
overproduction of ROS, which ultimately leads to apopto-
sis in both malignant and non-malignant cells (Xiao et al.
2019; Renu et al. 2022). Oxidative stress is the main and
most significant factor to be considered when examining
the toxic effects of ADR on different organs (Renu et al
2018; Renu et al 2022; Akin et al. 2021b). However, there
are many factors that increase ADR-related oxidative stress.
These factors are excessive ROS production that accelerates
lipid peroxidation, dysregulation of the electron transport
chain that impairs energy metabolism, and irregularities in
the expression of antioxidant regulatory genes. Therefore,
ADR drives cells to apoptosis in non-target tissues (Renu
et al. 2018, 2022). In addition, according to reports, ADR
has been linked to significant hepatotoxicity (Omobowale
et al. 2018; Bilgic and Ozgocmen 2019).
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N-Acetylcysteine (NAC) is an antioxidant, and the thiol
groups it contains may react rapidly with ROS (Hashim et al.
2021). NAC increases cellular capacity in order to reduce
ROS production and terminate apoptosis (Kahraman et al.
2013). It is also beneficial in managing various conditions
such as liver dysfunction, malignancies, and cardiac prob-
lems (Kaya Tektemur et al. 2021; Osman et al. 2021). Stud-
ies have shown that NAC has a wide range of protective
effects against liver damage caused by the organophosphate
pesticide Monocrotophos (Singh et al. 2022), the environ-
mental pollutant Arsenic (Zhang et al.2022), high-dose
Acetaminophen (Fisher and Curry 2019), and Irinotecan
(Gengosman et al. 2022) which is one of the most impor-
tant antitumor drugs developed in recent years. In addition,
research indicate that NAC reduces cellular damage by sup-
pressing apoptosis, oxidative stress, and heat shock response
(Kahraman et al. 2013; Al Hajm and Ozgun 2022). The posi-
tive effect of NAC on heat shock response and proteasome
inhibition has been associated with its antioxidant and cyto-
protective effect (Al Hajm and Ozgun 2022). Heat shock
response is one of the few survival pathways that protect
cells from harsh conditions. In addition, heat shock proteins
(HSPs) are also expressed under physiological conditions
and play a key role in the normal functions of cells (Ozaydin
et al. 2016). Heat shock protein 70 (HSP-70) belongs to a
70 kDa chaperone family that plays significant roles in pro-
tein degradation, separation, and folding. HSP-70 has been
reported to play a key role in processes including protein
degradation (Fernandez-Fernandez and Valpuesta 2018).
HSP-70 is also an important molecular marker for the HSP
response, in which chaperone synthesis is increased due to
cellular stress factors such as heavy metals, pathological
conditions, increased temperature or oxidative stress (Evans
et al. 2010). Protein homeostasis is essential in maintaining
the secretory and metabolic functions of the liver, and liver
diseases are associated with protein degradation disorders
(Allaire et al. 2019). In addition, studies have shown that
NAC reduces cellular damage by suppressing apoptosis,
oxidative stress, and heat shock response (Kahraman et al.
2013; Al Hajm and Ozgun 2022).

Meteorin-Like (MtrnL), a recently discovered cytokine,
regulates energy expenditure, macrophage activation, and
inflammation (Wang et al. 2022). MtrnL is expressed at high
levels in tissues such as the lung, intestine, subcutaneous
adipose tissue, and skin (Li et al. 2014, 2016). It has been
reported that MtrnL is found in large amounts particularly
in organs related to metabolism as well as barrier tissues
(Li et al. 2014). MtrnL is known to be secreted by skeletal
muscle following physical activity and to attenuate inflam-
mation in white adipose tissue (Rao et al. 2014). MtrnL is
also strongly induced by alternatively activated macrophages
(Ushach et al. 2015). It triggers the expression of MtrnL,
interleukin 4 (IL4) and IL13 in adipose tissues, supports
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the activation of macrophages (M2 type), and inhibits
inflammation (Ushach et al. 2018). It is known to increase
beige adipose thermogenesis, insulin sensitivity, and glu-
cose tolerance (Rao et al. 2014; Ushach et al. 2015, 2018;
Jung et al. 2018; Yalcin and Kaya 2023). A study reported
that patients with psoriasis, an autoimmune disease had
increased MtrnL levels (Bridgewood et al. 2019). Another
study reported that MtrnL. overexpression in cardiomyo-
cytes with ischemia/reperfusion injury attenuated apoptosis
by activating the AMPK-PAK?2 signaling pathway (Xu et al
2020). In another research, it was demonstrated that MtrnLL
overexpression may play a role in reducing ADR-mediated
cardiac dysfunction, oxidative stress, and apoptosis (Hu
et al. 2020). In a recent study, serum and hepatic MtrnL
expression were significantly increased in mice with Con-
canavalin A-induced fulminant hepatitis. The same study
showed that MtrnL overexpression ameliorated fulminant
hepatitis by inhibiting chemokine-dependent immune cell
infiltration (Du et al. 2023). However, the signaling path-
ways or molecular processes through which MtrnL operates
are not yet fully understood (Wang et al. 2022).

The purpose of this study was to investigate the biochemi-
cal, histological, and immunohistochemical effects of NAC
on ADR-induced liver damage in rats. In addition, these
treatments aimed to determine the expression of MtrnL,
whose secretion and regulation depend on the physiological
and pathological context, in liver tissue, which is catego-
rized as a barrier tissue and actively participates in meta-
bolic processes.

Materials and methods
Experimental design

The study was initiated following the approval of the
Firat University Animal Experiments Ethics Committee
(decision dated 05.07.2021 and numbered 2831). The rats
employed in the study were housed and fed under ideal
circumstances (22 +2 °C temperature, 12 h day/night
cycle, add-libitum water and food). A total of 28 male
Sprague—Dawley rats (8—10 week-old, 220 + 20 g weight)
were used, and they were split into 4 groups at random:
control, NAC, ADR, and ADR + NAC (n=7). The rats in
the control group received no treatments. The NAC group
received intraperitoneally (i.p.) administered NAC (Hiisnii
Arsan Farma, Turkey) at a dose of 150 mg/kg every day for
14 days. For the ADR group, 15 mg/kg ADR was applied
i.p. only once at the beginning of the experimental pro-
cess. As for the ADR + NAC group, at the beginning of the
experimental process, 15 mg/kg ADR was applied i.p only
once, followed by 150 mg/kg NAC i.p. application on a
daily basis. ADR was purchased from Saba Farma Turkey.
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The lyophilized ADR was reconstituted with sterile water
to 2 mg/ml. The ADR (Karabulut et al. 2021) and NAC
(Yal¢in et al. 2023) doses used in the experiment were
referenced from previous studies. The rats were sacrificed
under anesthesia (using xylazine 10 mg/kg and ketamine
75 mg/kg i.p) on the fifteenth day of the experiment. Blood
samples were taken to determine liver enzyme levels. The
remainder of the liver tissues were preserved at -80 °C
for use in qRT-PCR and biochemical investigations, while
others were used for histological and immunohistochemi-
cal exams.

Power Analysis: The number of animals to be used in
the experiments was determined by power analysis with a
power of 0.90 and a type 1 error (a) of 0.05. The sample
size (n) was calculated to be 7 animals in each group (Faul
et al. 2009).

Histopathological evaluation

Liver tissue was quickly excised and placed in a 10% for-
malin solution for fixation. The Hematoxylin—Eosin (HE)
staining procedure was applied to 5 um thick sections
taken for use in general histopathological evaluations.
Prepared preparations were examined under a light micro-
scope and photographed (DM-2500 — MC-170, Leica,
Germany). Histopathological changes were evaluated and
scored in liver tissue preparations prepared separately
for each rat. The histopathological evaluation histoscore
was established by taking into account the presence of
score criteria (0, absent; 1, less; 2, moderate; 3, more)
in 10 non-overlapping random areas at X10 magnification
(Yalgin et al. 2023). The histopathological score criteria
were; sinusoid dilatation, hepatocyte vacuolization, foci of
inflammation, degenerated hepatocyte cords, and hemor-
rhagic areas.

Immunohistochemical examination

The Avidin Biotin Peroxidase Complex Method was utilized
to detect the HSP-70 (sc-32239, Santa Cruz Biotechnology),
Casp3 (bs-0081R, Bioss, China), and MtrnL (Q641Q3,
Cusabio Diagnostics, China) immunoreactivities in the liver
tissues (Kaya et al. 2023a). Sections that underwent immu-
nohistochemical staining procedures separately for each rat
were examined with a light microscope and photographed
(DM-2500 — MC-170, Leica, Germany). Immunoreactiv-
ity was calculated according to the formula of prevalence
(0.1= < %25, 0.4=%26-50, 0.6 =%51-75, 0.9 = %76-100)
X severity (O=none, 0.5 = very little, 1 =little, 2=medium,
3 =high) (Yalcin and Kaya 2023) by examining 20 random
non-overlapping areas at X20 magnification.

Biochemical analyses
Liver enzyme levels

The levels of the serum liver enzymes alkaline phosphatase
(ALP), alanine transaminase (ALT), aspartate transaminase
(AST), and gamma glutamyl transferase (GGT) were meas-
ured using an automatic biochemical analyzer (Siemens
ADVIA 2400).

Detection of MtrnL, TOS, and TAS levels

Total oxidant/antioxidant (TOS/TAS) and MtrnL levels in
liver tissue samples were determined using the enzyme-
linked immunosorbent assay (ELISA) method. MtrnL
(201-11-6038, SunRed, China), TOS (AD3282Ra, Andy-
Gene, China) and TAS (AD3283Ra, AndyGene, China)
levels in rat liver tissue homogenates were determined
according to ELISA Kkits protocols. The results of the analy-
ses were presented as ng/ml, pg/ml, and U/ml, respectively.
MtrnL sensitivity was 0.092 ng/ml and the test range was
0.1-30 ng/ml; TOS sensitivity was 0.7 pg/ml and the test
range was 3.75-120 pg/ml; TAS sensitivity was 0.1 U/ml
and the test range was 0.2—8 U/ml. Utilizing the TOS/TAS
methodology, the Oxidative Stress Index (OSI) was detected
(Giines-Bayir et al. 2018).

gRT-PCR analysis

In the study, qRT-PCR was used to detect differences in MtrnL
(Sente Bio Lab, Turkey) mRNA expression. Total RNA was
isolated from materials made of rat liver tissue that had been
kept at -80 °C using an RNA extraction solution (RiboExTM,
GeneAll, Korea). RNA isolation was performed following the
procedure instructions recommended by the manufacturer.
RNA concentrations were measured using a microspectropho-
tometer device (Nano-400a, Allsheng, China). RNA samples
containing equal amounts of total RNA were collected from
each group in their own pools. 10 pl of pooled RNA samples
of each group were used for the synthesis of complementary
DNA (cDNA), which is used to detect gene expression dif-
ferences at the mRNA level. cDNA synthesis was performed
using the cDNA synthesis kit (High capacity cDNA Reverse
Transcription kit, Applied Bios., Foster, CA), following the
procedure recommended by the manufacturer. The cDNA
samples obtained were stored at -20 °C. In the presence of
primers specific to the desired sequence, obtained cDNAs
were amplified by QRT-PCR. Glyceraldehyde-3-Phosphate
Dehydrogenase (GAPDH) was used as a reference gene for the
determination of mRNA levels in rat liver samples (Table 1).
gRT-PCR analysis was performed in a total volume of 10 ul in
96-well plates in triplicate (1 ul cDNA—O9 pl mix). This analy-
sis was performed using BrightGreen 2X qPCR Master Mix
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Table 1 Primers used in qRT-PCR

PRIMER SEQUENCE (5°-3’)

GAPDH FORWARD AGGTCGGTGTGAACGGATTTG
REVERSE TGTAGACCATGTAGTTGAGGTCA

MtrnL FORWARD ACTTTGGGGAGGCACAACTT
REVERSE TGTCACCCTGCAAGTCACTC

(MasterMix-S, abm, Canada) in Applied Biosystems 7500
Real-Time PCR in accordance with the procedure specified
by the manufacturer.

Statistical analysis

The Statistical Package for Social Sciences (SPSS) 22.0
application was used to statistically analyze the data. The
conformity of the data to the normal distribution was deter-
mined with the Shapiro—Wilk test. Normally distributed
parameters were statistically analyzed using the one-way
ANOVA and post hoc Tukey tests. The data were presented
as the mean + standard error. Parameters that did not show
a normal distribution were analyzed by Kruskal-Wallis
and then Mann—Whitney U tests. In addition, differences
between mRNA expressions in qRT-PCR analysis were
determined using the 2-AACT method. Statistical signifi-
cance was evaluated as p <0.05. GraphPad Prism 9.3 was
used to create graph drawings.

Results

Effect of ADR and/or NAC applications on liver
histopathology

In the control and NAC groups, the histological liver struc-
ture, hepatocyte cords, close-located hepatocytes, and sinu-
soidal structure were all observed to be regular (Fig. 1; a, b).
Histopathological examination of liver tissues revealed that
ADR application caused sinusoidal dilatation, hepatocyte
vacuolization, inflammation foci, degenerated hepatocyte
cords, and hemorrhagic areas. ADR application signifi-
cantly increased histopathological changes in liver tissue as
compared to the control group (p <0.05). However, when
compared to the ADR group, it was observed that the his-
topathological alterations were lessened in the ADR + NAC
group. (p <0.05) (Table 2, Fig. 1; c, d).

Effect of NAC and/or ADR applications on liver
HSP-70 and Casp3 immunoreactivities

The immunoreactivities of HSP-70 and Casp3 in liver tissue

were comparable in the NAC and control groups (p > 0.05)
(Fig. 2; 1a, 1b; 2a, 2b). ADR application significantly
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increased (p <0.001) HSP-70 immunoreactivity in liver tissue
compared to the control group (Fig. 2; 1c). NAC application
significantly decreased the ADR induced HSP-70 immuno-
reactivity compared to the ADR group (p <0.001) (Table 3,
Fig. 2; 1d). Similarly, ADR application significantly increased
Casp3 immunoreactivity in liver tissue compared to the control
group (p <0.001) (Fig. 2; 2c). NAC application significantly
decreased ADR-induced Casp3 immunoreactivity compared
to the ADR group (p <0.001) (Table 3, Fig. 2; 2d,).

Effect of ADR and/or NAC treatment on liver tissue
MtrnL immunoreactivity, ELISA and mRNA levels

In the NAC and control groups, MtrnLL immunoreactivi-
ties in liver tissues were similar (p > 0.05) (Fig. 2; 3a, 3b).
ADR application increased MtrnL immunoreactivity in liver
(p=0.024) (Fig. 2; 3c). In the ADR +NAC group, MtrnL
immunoreactivity was decreased (Fig. 2; 3d, Table 4).

MtrnL ELISA levels in liver tissues were similar in the
NAC and control groups (p >0.05). When compared to the
control group, the MtrnLL ELISA level in the ADR group
considerably rose (p <0.001). However, as a result of NAC
treatment, it was significantly reduced in the ADR +NAC
group compared to the ADR group (p <0.001) (Table 4).

A substantial rise in the MtrnL. mRNA level was observed
in the ADR group as compared to the control group
(»p=0.008). In comparison to the control group, MtrnL
mRNA levels were lower in the NAC group (p =0.042).
MtrnL. mRNA levels in the ADR 4+ NAC group did not dif-
fer significantly from those in the control group (p > 0.05).
There was a statistically significant decrease in the MtrnL
mRNA level in the NAC group compared to the ADR group
(p=0.005). When compared to the ADR group, MtrnLL
mRNA levels significantly decreased in the ADR + NAC
group (p=0.007). However, there was no significant change
in the MtrnL mRNA level in the ADR +NAC group com-
pared to the NAC group (p > 0.05) (Fig. 3).

Effect of NAC treatment on liver enzyme levels
after ADR treatment

Serum liver enzyme levels in the NAC and control groups
were found to be similar (p >0.05). The ADR group's AST,
ALT, ALP, and GGT levels were considerably higher than
those of the control group (p <0.001). The ADR +NAC
group's AST and ALT levels were lower than those of the
ADR group (p=0.049, p=0.004, respectively) (Fig. 4).

Effect of NAC treatment on ADR-induced oxidative
stress parameters

The NAC and control groups' liver tissue TOS and TAS val-
ues were determined to be similar (p >0.05). When compared
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Fig.1 Effects of NAC administration on histopathological
changes in ADR-induced liver tissue. Control (a) and NAC group
(b) liver tissues had normal histological appearance. In the ADR
group (c); sinusoidal dilatation (triangle), hemorrhagic areas (notched
arrow), hepatocyte vacuolization (thin arrow), foci of inflamma-

tion (thick arrow) and hemorrhagic areas (notched arrow) were
observed. Histopathological changes were significantly reduced in
the ADR+NAC group (d) compared to the ADR group (p <0.05).
Hematoxylin Eosin, scale bar: 200um, X 100. ADR: Adriamycin;
NAC: N-Acetylcysteine

Table 2 Histopathological evaluation results of ADR and/or NAC applications on liver tissue

Control (n=7)
Median(Min—Max)

NAC (n=7)
Median(Min—-Max)

ADR (n=7)
Median(Min—Max)

ADR+NAC (n=7) P*
Median(Min—-Max)

Sinusoid dilatation

Hepatocyte vacuolization
Foci of inflammation
Degenerated hepatocyte cords

Hemorrhagic areas

0.20(0.00-0.30)"
0.20(0.00-0.50)"
0.00(0.00-0.10)"
0.20(0.00-0.30)"
0.00(0.00-0.10)®

0.20(0.00-0.40)"
0.20(0.10-0.40)"
0.10(0.00-0.20)"
0.20(0.00-0.40)"
0.00(0.00-0.20)°

2.10(1.40-2.60)
2.20(1.70-2.60)*
2.40(1.90-2.70)*
2.40(1.70-2.60)
1.90(0.80-2.30)"

0.90(0.50-1.50)" <0.001
0.90(0.60-1.30)*" <0.001
0.60(0.50-1.60) <0.001
0.70(0.50-1.80)* <0.001
0.50(0.30-1.30)*" <0.001

Data are presented as median (min—max)

#: Compared with the control group (p <0.05),
b: Compared with the ADR group (p <0.05)
p* Kruskal Wallis

to the control group, ADR treatment significantly elevated
TOS levels (p <0.001), whereas the TAS level decreased
significantly in comparison to the control group (p =0.007).
On the other hand, NAC treatment significantly increased the
TAS level in the ADR +NAC group compared to the ADR

group (p=0.034), whereas it significantly reduced the TOS
level (p=0.002). A statistically significant rise in OSI was
found in the ADR group when compared to the control group
(p<0.001). When compared to the ADR group, OSI consider-
ably decreased in the ADR +NAC group (p <0.001) (Fig. 5).
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Control

HSP70

Casp3

MtrnL

Fig.2 Effects of ADR and/or NAC application on the HSP70,
Casp3 and MtrnL. immunoreactivity of the liver tissue. Liver
tissues in the control and NAC groups were observed to have simi-
lar HSP70 immunoreactivity (p>0.05) (la, 1b). ADR group (lc)
HSP70 immunoreactivity was observed to be significantly increased
(p<0.05) compared to the control group. The HSP70 immunoreac-
tivity of the ADR+NAC group (1d) was observed to decrease at a
statistically significant level (p <0.05) compared to the ADR group.
Liver tissues in the control and NAC groups were observed to have
similar Casp3 immunoreactivity (p>0.05) (2a, 2b). The Casp3
immunoreactivity of the ADR group (2c) was observed to increase
at a statistically significant level (p <0.05) compared to the control

ADR ADR+NAC
. e

group. Casp3 immunoreactivity of the ADR+NAC group (2d) was
observed to decrease at a statistically significant level (p <0.05) com-
pared to the ADR group. Liver tissues in the control and NAC groups
were observed to have similar MtrnL immunoreactivity (p>0.05)
(3a, 3b). Mtrn. immunoreactivity was increased in hepatocytes in
the ADR group compared to the control group (arrow) (3c). MtrnL
immunoreactivity was decreased in the ADR +NAC group compared
to the ADR group (3d). HSP70, Casp3 and MtrnL. immunohisto-
chemical images, scale bar: 100 pm,x 200. HSP70: The 70-kDa heat
shock protein; Casp3: Caspase 3; MtrnL: Meteorin-Like, ADR: Adri-
amycin; NAC: N-Acetylcysteine

Table 3 Effect of ADR and/

1 A ADR ADR +NA
or NAC treatments on HSP-70 Contro NAC +NAC P

?mli. Casp3 immunoreactivities HSP-70 0.23+0.06" 0.27+0.10 1.27+0.14 0.57+0.06 <0.001
mver Casp3 0.16£0.04° 0.23+£0.05° 1.80+0.25 0.62+0.06° <0.001

Values are presented as mean + standard error. * Compared with the control group (p <0.05), ®: Compared
with the ADR group (p <0.05). ADR: Adriamycin; Casp3: Caspase 3, HSP70: The 70-kDa heat shock pro-

tein, NAC: N-Acetylcysteine

Table 4 Effect of ADR and/or

_ Control NAC ADR ADR +NAC p

NAC treatment on liver MtrnL

immunoreactivities and ELISA MitrnL (THC) 1.20+0.11° 1.32+0.12 1.97+0.20° 1.54+0.23 =0.026

levels MitrnL 3.48+0.12° 3.19+0.10 4.59+0.11% 3.66+0.09 <0.001
(ng/ml)

Values are presented as mean + standard error. *: Compared with the control group (p <0.05), ®: Compared
with the ADR group (p <0.05). ADR: Adriamycin; NAC: N-Acetylcysteine, MtrnL: Meteorin-Like, THC;

Immunohistochemical staining
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HH

MtrnL mRNA fold change
-

b ab b
CONTROL NAC ADR ADR+NAC

Fig.3 Effect of ADR and/or NAC treatment on MtrnL mRNA
fold change. MtrnL mRNA expression was significantly increased in
the ADR group compared to the control group. In the ADR+NAC
group, when compared to the ADR group, there was a significant
decrease in Mtrnl. mRNA expression. a: Compared with control
group (p<0.05), b: Compared to the ADR group (p<0.05). ADR;
Adriamycin, NAC; N-Acetylcysteine, MtrnL; Meteorin-Like

Discussion

ADR is an anthracycline cytotoxic chemotherapeutic drug
extensively used in cancer treatment (Adiyaman et al. 2022).
However, hepatotoxicity is a significant adverse effect that

300-
3 200 *#
=
S 1
3 * "
< 100 T

T T T T
Control NAC ADR ADR+NAC

T T T T
Control NAC ADR ADR+NAC
Fig.4 Effect of ADR and/or NAC treatment on liver enzyme
levels. AST, ALT, ALP and GGT were significantly increased in
the ADR group compared to the control group (p<0.05). In the
ADR+NAC group, when compared to the ADR group, there was
a significant decrease in AST and ALT levels (p<0.05). #: Com-

limits its clinical use (Omobowale et al. 2018). Studies have
associated ADR toxicity with oxidative stress (Akin et al.
2021b). ADR-induced ROS production can activate apop-
totic pathways in cells through DNA damage, membrane
damage, and lipid peroxidation (Prasanna et al. 2020). It is
known that NAC, which has potent antioxidant properties,
has a protective effect on cells by inhibiting ROS production
and reducing apoptosis (Kahraman et al. 2013).

Previous studies reported that in liver tissue, ADR leads
to enlargement of the sinusoidal, bile duct hyperplasia, vacu-
olization of hepatocytes, sinusoid dilatation, degeneration of
hepatocyte cords, cellular edema, focal necrosis, irregular
hepatic trabeculae, biliary duct proliferation, parenchymal
necrosis, intercellular space enlargement, vacuolization of
mitochondria, and lymphocyte infiltration (Prasanna et al.
2020; Akin et al. 2021a). Consistent with these data, in the
present study, sinusoid dilatation, vacuolization of hepato-
cytes, foci of inflammation, degeneration of hepatocyte
cords, and hemorrhagic areas were all observed in the liver
tissue following ADR treatment. Likewise, many studies
showed that ADR significantly increases ALT, AST, ALP,
and GGT levels, which indicate liver damage (Djabir et al.
2017; Mohebbati et al. 2018; Gotama et al. 2019; Rafiee

150
~ 100
S *
g * T
~
3 504 1
o_
I I I I
Control NAC ADR ADR+NAC
8_
6 #
-y
3 T
~ 47
[4) *
(G
" 1
0_

T T T T
Control NAC ADR ADR+NAC
pared to the control group (p <0.05), *: Compared with ADR group
(p<0.05). ADR: Adriamycin; ALT: Alanine Transaminase; ALP:
Alkaline phosphatase; AST: Aspartate transaminase; GGT: Gamma
glutamyl transferase; NAC: N-Acetylcysteine
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Fig.5 Effect of ADR and/or NAC treatment on oxidative stress
parameters. OS] was significantly increased in the ADR group com-
pared to the control group. In the ADR +NAC group, when compared
to the ADR group, there was a significant decrease in OSI. #: Com-

etal. 2021; Owumi et al. 2021). In the current study, it was
detected that ADR-induced histopathological changes and
liver enzyme levels were significantly decreased as a result
of NAC treatment.

In oxidative stress, the balance between oxidants and
antioxidants that cause damage to cells, tissues, and organs
is in favor of the former (Erdem Guzel et al. 2023). One
study reported that excessive ROS production and/or oxida-
tive stress associated with reduced antioxidant defense are
the main mechanisms of ADR toxicity (Akin et al. 2021b).
In this current study, it was determined that TOS levels
increased to a greater extent in the ADR group compared
to the control group, but TAS levels decreased. As a result,
OSI increased significantly in the ADR group compared to
the control group. These data support the idea that ADR
causes oxidative stress, in line with previous studies (Nagai
et al. 2015; Rafiee et al. 2021; Owumi et al. 2021). How-
ever, it was observed that oxidative stress parameters were
significantly regulated in the ADR +NAC group compared
to the ADR group. HSPs are critical for cell survival against
harmful stimuli such as heat shock, ischemia, and inflam-
mation. The most fundamental and prevalent HSP that is
activated in practically all cell types is HSP-70 (Qiao et al.
2019). HSP-70 overexpression via acetylation has been
shown to increase cellular resistance to liver ischemia/rep-
erfusion injury (Sun et al. 2014). The current study showed
that ADR significantly increased HSP-70 immunoreactiv-
ity in liver tissue. Similarly, it was reported in a study that
exposure to oxidative stress may induce HSP-70 expression
(Pockley 2003). Additionally, in this current study, regula-
tion of oxidative parameters with NAC treatment resulted in
a decrease in oxidative stress and HSP-70 immunoreactiv-
ity in the ADR + NAC group. One study suggests that the
role of HSP is to protect the cell against oxiradical-induced
changes (Choudhary and Devi 2016). According to another
study, HSP-70 is a protein with an antiapoptotic role that
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pared to the control group (p <0.05), *: Compared with ADR group
(p<0.05). ADR; Adriamycin, NAC; N-Acetylcysteine, TAS; Total
antioxidant status, TOS; Total oxidant status, OSI; Oxidative Stress
Index

protects tissue from oxidative stress-induced cytotoxicity
(Zorzi and Bonvini 2011). However, it was reported that
ADR induced Casp3 expression by significantly increasing
the expression of intracellular and extracellular apoptotic
molecules such as Bax and Fas (Nagai et al. 2015). This
study demonstrated that ADR significantly increases Casp3
immunoreactivity in liver tissue. Likewise, other studies
reported that ADR exposure increases Casp3 expression,
supporting these data (Nagai et al. 2016; Owumi et al. 2021).
This study demonstrated that NAC treatment significantly
reduces ADR-induced Casp3 immunoreactivity.

MtrnL is a recently identified cytokine (Wang et al. 2022).
A previous study defined MtrnL as a hormone that can be
selectively induced in various tissues depending on physiologi-
cal stimuli (Rao et al. 2014). Recent studies have reported that
MtrnL plays a role in pathophysiological as well as various
physiological events (Alizadeh 2021; Kaya et al. 2023b). A
study has stated that the increase in MtrnL after local muscle
injury contributes to muscle regeneration (Baht et al. 2020).
Previous studies reported increased MtrnL excretion due to
downhill running (Rao et al. 2014) and other exercises (Bae
et al. 2018) that cause damage to skeletal muscle. The idea that
MtrnL plays a significant role in muscle tissue regeneration is
supported by the fact that it is stimulated by tissue damage and
contributes to immune modulation (Baht et al. 2020). Numer-
ous studies have reported that MtrnL, which is expressed in
cardiac tissue, plays a crucial role in the pathogenesis of car-
diovascular diseases (Miao et al. 2020; Rupérez et al. 2021). In
a study, it was observed that the decrease in endogenous MtrnLL
increased the negative effects of ADR-induced cardiotoxicity,
while exogenous MtrnL administration significantly reduced
oxidative stress and apoptosis in the ADR-induced cardiotoxic-
ity model used (Hu et al. 2020). Similarly, in a different study,
MtrnL was shown to have a reducing effect on ADR-induced
cardiomyocyte apoptosis (Xu et al. 2020). Consistent with
these data, in the current study, it was determined that ADR
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administration significantly increased MtrnL levels in liver tis-
sue. Similarly, a recent study reported that MtrnL levels were
higher in patients with nonalcoholic fatty liver disease activity
scores and that the newest definition of MtrnL as a hepatokine
could pave the way for new targeting strategies in liver-related
disorders (Grander et al. 2021). The data obtained in this study
showed that NAC treatment may have a hepatoprotective effect
on ADR-induced liver injury by regulating oxidative stress,
Casp3, HSP-70, and MtrnL levels.

Conclusion

It was observed that NAC treatment showed an antioxidant
effect and alleviated ADR-induced oxidative stress in liver
tissue. It was determined that Casp3 and HSP-70 immuno-
reactivities, which increased due to ADR application, were
alleviated by NAC treatment. In addition, it was observed
that MtrnL immunoreactivity, ELISA, and gene expression
levels increased following ADR application. However, NAC
treatment exhibited a hepatoprotective effect by regulating
the ADR-induced altered MtrnL levels. These findings are
significant given that NAC administration may represent a
therapeutic strategy against ADR-induced hepatotoxicity.
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