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Abstract: Acetaminophen (APAP) is an antipyretic and analgesic drug that can be bought and used without a prescrip-
tion worldwide. A dosage of APAP greater than the maximum recommended dosage can increase the risk of organ
damage. Mesenchymal stem cells (MSCs) are isolated from various human tissues and used for therapy, in which
beneficial effects are attributed mainly to mesenchymal stem cell-derived extracellular vesicles (MSC-EVs). However,
no study has focused on the protective effect of exosomes in combination with APAP. Therefore, the present study was
carried out to investigate the protective effect of taking exosomes against APAP toxicity on the fallopian tubes and
uterus. Forty female Wistar albino rats (12—14 weeks old) were randomly divided into four equal groups: control, APAP
(received 1 g/kg APAP), exosome (received 30 ug of exosomes), and APAP+exosome groups that received simultane-
ously 1 g/kg APAP and were followed three days later by a tail vein injection 30 ug of exosomes. The uterus and fallo-
pian tubes were removed for histological and immunohistochemical analyses after the animals were sacrificed. The
results showed that exosomes' administration after APAP decreased APAP's autophagic effects. Moreover, exosome
treatment exhibited a protective effect on the immunoreactivity intensities of autuphagy markers (Beclin-1, p62, and
LC3). The treatments with exosomes had no adverse effect on the uterus or fallopian tubes. The administration of exo-
somes after APAP toxicity can decrease cell death through the autophagy effect of APAP. It is suggested that this com-
pound can decrease the toxic effects of APAP. Further studies are needed to evaluate the molecular mechanism of this
hyperanalgesic effect.
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Siganlarda Asetaminofen Kaynakli Uterin ve Fallop Tiipleri Hasarina Karsi Eksozomlarin Kullanimi Uzerine
Deneysel Bir Galisma

Oz: Asetaminofen (APAP), diinya capinda regetesiz satin alinabilen ve kullanilabilen bir antipiretik ve analjezik ilagtir.
Onerilen maksimum dozdan daha yliksek bir APAP dozu, organ hasari riskini artirabilir. Mezenkimal kok hiicreler
(MSC'ler), gesitli insan dokularindan izole edilir ve yararli etkilerin esas olarak mezenkimal kok hlicreden turetilen htic-
re disi vezikillere (MSC-EV'ler) atfedildigi terapi igin kullanilir. Bununla birlikte, higbir calisma eksozomlarin APAP ile
kombinasyon halinde koruyucu etkisine odaklanmamistir. Bu nedenle bu ¢alisma APAP toksisitesine karsi eksozom
almanin fallop tlpleri ve uterus Uzerindeki koruyucu etkisini arastirmak amaciyla yapilmistir. Kirk digi Wistar albino
sigan (12-14 haftalik) rastgele dort esit gruba ayrildi: kontrol, APAP (1 g/kg APAP aldi), eksozom (30 pg eksozom aldi)
ve APAP+eksozom gruplari es zamanli olarak 1 g/kg APAP ve ardindan (g giin sonra kuyruk damarindan 30 ug ekso-
zom enjeksiyonu yapildi. Hayvanlar sakrifiye edildikten sonra histolojik ve immuinohistokimyasal analizler igin uterus ve
fallop tupleri ¢ikarildi. Sonuglar, eksozomlarin APAP'tan sonra uygulanmasinin APAP'In otofajik etkilerini azalttigini
gosterdi. Ayrica, eksozom tedavisi, otofaji belirteclerinin (Beclin-1, p62 ve LC3) imminoreaktivite yogunluklari Gzerinde
koruyucu bir etki sergiledi. Eksozomlarla yapilan tedavilerin uterus veya fallop tupleri Gzerinde herhangi bir olumsuz
etkisi olmamistir. APAP toksisitesinden sonra eksozomlarin uygulanmasi, APAP'In otofaji etkisi yoluyla hiicre 6limuni
azaltabilir. Bu bilesigin APAP'In toksik etkilerini azaltabileceg@i 6ne sirtlmektedir. Bu hiperanaljezik etkinin molekuler
mekanizmasini dederlendirmek igin ileri galigmalara ihtiyag vardir.
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Introduction

The paraminophenol class of drugs includes aceta-
minophen (APAP: N-acetyl-p-aminophenol; also
known as paracetamol), a non-steroidal anti-
inflammatory drug. Its chemical name is N-acetyl-p-
aminophenol or 4-hydroxyacetanilide (CgHgNO,). The
most often recommended antipyretic and analgesic,
APAP, generally known as paracetamol, is used
mostly for fever, migraine, neuralgia, joint pain, etc.
(Zhang et al., 2016). Sexual performance, fertility
index, implantation index, and number of implants all
decreased after receiving repeated oral treatments
for 30 days with APAP (500 and 1000 mg/kg)
(Ratnasooriya and Jayakody, 2000). Research on
rodents shows that APAP reduces the total number
of adult follicles and fetal ovarian germ cells, which
affects fertility (Holm et al., 2016; Johansson et al.,
2016). Little is known about APAP in girls and its
potential relationship to the reproductive system.

The human body consists of mesenchymal stem cells
(MSCs) in a variety of tissues. To support numerous
physiological processes, MSCs exhibit niche-
dependent multiline age differentiation and produce
therapeutic exosomes. MSCs thus promise targeted
therapy and have the capacity to support both cell-
based and cell-free therapies (Li et al., 2019; Mehta,
2021). MSCs are found in a range of tissues through-
out the human body. MSCs exhibit niche-dependent
multiline age differentiation and produce therapeutic
exosomes to support a variety of physiological activi-
ties. MSCs can therefore support both cell-based and
cell-free therapies and promise targeted therapy.
Extracellular vesicles (EVs), which transport a variety
of organic molecules, are used by cells to communi-
cate with neighboring cells and distant organs (such
as protein, genomic DNA, and RNA). These vesicles
are classified depending on their biogenesis and size
(Czernek et al., 2020). Exosomes are known as het-
erogeneous collections of vesicles, and they also
carry the phenotypic state of the cell from which they
were produced (Sharma et al., 2020). They are re-
leased from cells and enter bodily fluids, where they
affect the behavior of neighboring cells (Czernek et
al., 2020). Exosomes contain a lipid bilayer and, like
cells derived from them, transport molecules like
DNA, protein, and RNA. Exosomes share a lipid bi-
layer structure with the cell from which they originat-
ed (Kalluri, 2016; Yin et al., 2019). They can freely
move throughout the body's blood vessels (Sharma
et al., 2020). Through the use of signals including
growth factors, proteases, and cytokines, they allow
communication between nearby or distant cells
(Harris et al., 2015).

It is worrying that research has associated APAP
exposure with reduced primordial follicle pools and,
hence, reduced fertility. Until now, no studies have
investigated the efficacy of concurrent exosome ad-
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ministration on potentially enhancing therapeutic out-
comes. So, the purpose of this investigation was to
determine whether co-administering exosomes and
APAP to female rats had any analgesic activity.

Material and Methods
Animal care

The Institutional Animal Care Committee of Erciyes
University approved the study according to a protocol
that was followed for this study (approval number
23/030). We used male Wistar albino rats in this work
(250-300 g). All of the animals included in the study
had normal behaviors, were healthy, and belonged to
the same species and gender. Rats that had been
previously used in other experiments were not includ-
ed. The animals were given unlimited access to water
and food while being kept in a 12-hour cycle of light
and darkness. The animals were kept for at least
three days prior to use. The animals were put to
death immediately following the experiment using a
dose of ketamine.

Obtaining dental pulp MSCs derived exosomes

The secretomes of the dental pulp derived MSCs
were collected. Exosomes was isolated using a
standard commercial kit (ExoQuick-TC Exosome
Precipitation Solution Kit). Briefly, after centrifuging
the secretomes obtained for exosome isolation at
3000 x g for 15 minutes, the supernatants were
placed into sterile tubes. 10 ml of supernatant were
mixed with 2 ml of ExoQuick-TC solution, and the
mixture was then incubated for 12 hours or overnight.
A 30-minute centrifugation at 1500 x g was then per-
formed on the ExoQuick-TC/supernatant mixture.
After the supernatants were removed, pellet-like exo-
somes could be seen at the tube's bottom.

Experimental design

Different treatments were given to various groups, as
follows: Control group: administered as usual with
saline. APAP group: On the first day of the trial, rats
were gavaged with a single dosage of 1 g/kg of
APAP (Baravalia and Chanda, 2011). Exosome
group: 30 ug of exosomes were given in 100 pl from
the tail vein (Salkin and Basaran, 2023).
APAP+exosome group: Each rat received a single
dose of 1 g/kg of APAP by gavage, followed three
days later by a tail vein injection 30 ug of exosomes.
At 72 hours after the last application in the study, the
animals were profoundly anesthetized by ketamine
and xzylazin (60/10 mg/kg), intraperitoneally, before
euthanization. The organs of interest the fallopian
tubes and uterus were immediately detached and
subsequently processed for histological evaluations.
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Histopathological studies

In order to evaluate the uterus and fallopian tubes
defects of each experimental group histologically,
tissue samples taken at the end of the experiment
were fixed in a 10% formaldehyde solution. Tissues
kept in formaldehyde for 72 hours were washed in
running tap water, passed through a series of in-
creasing grades of alcohol, cleared with xylol, then
embedded in paraffin and paraffin blocks were pre-
pared. 5 ym sections taken from paraffin blocks con-
taining rat tissues were taken on polylysine-coated
slides. The prepared slides were graded in alcohol
(100%, 96%, 80%, 70%, 50%) and then rinsed in
water after being deparaffinized with xylol using the
standard histological staining technique. The sections
were processed through an increasing alcohol series,
stained with hematoxylin-eosin (H&E) and Masson's
trichrome (MT), passed through xylol, covered with a
coverslip by dripping entellan, and examined under a
light microscope to identify the general histological
structure (Olympus BX51, Tokyo, Japan).

Immunohistochemical procedure

The immunohistochemistry (IHC) studies to evaluate
Beclin-1, p62, and LC3 activities use the avidin-biotin
peroxidase method. Following deparaffinization, the
cross sections were incubated in citrate buffer (pH
6.0) and 3% hydrogen peroxide (Lab Vision, Thermo
Scientific, Fremont). To avoid non-specific binding,
an Ultra-V block (Lab Vision, Thermo Scientific,
Fremont) was used. Following the blocking proce-
dure, tissue sections were incubated overnight with
Beclin-1 (Novus Biologicals, Littleton, CO), p62
(Novus Biologicals, Littleton, CO), and LC3 (Cell Sig-
naling Technology, Danvers, MA) primer antibodies.
The tissue samples were then exposed for 10
minutes to secondary antibodies (Lab Vision, Thermo
Fisher Scientific, Fremont). The streptavidin peroxi-
dase complex (Lab Vision, Thermo Fisher Scientific,
Fremont) in combined with DAB enabled made the
reaction product detectable. A counterstain was ap-
plied using Mayer's hematoxylin. Semi-quantitative
Beclin-1, p62, and LC3 immunohistochemical anal-
yses were evaluated in paraffin sections of the uterus
and fallopian tubes using a computer imaging sys-
tem. In the research lab of Erciyes University, two
histologists independently and semi-quantitatively
assessed immunostaining. The Image J software was
used to obtain quantitative measurements. The im-
munoreactivity intensity for Beclin-1, p62, and LC3
was assessed within 5 fields for each animal at a
total magnification of x400.

Statistical analysis

PrismTM software version 8.0 (GraphPad Inc., San
Diego, CA) was used to analyze the data (GraphPad
Software, San Diego, CA, USA). Standard error of
the mean (SEM) is used to provide group means for
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the raw data. The Kolmogorov-Smirnov and Shapiro-
Wilk tests were used to examine the distribution of
the data. Variables with a normal distribution have,
one-way variance analysis (ANOVA) was used be-
fore a multiple comparison test by Bonferroni. The
following significance levels are listed: *P < 0.05; **P
<0.01; **P < 0.001.

Result
Histological results

Our histological findings showed that the uterine en-
dometrium, myometrium, and serous layers were
distinct in the rats from the control group. Rats from
the control group were able to distinguish between
myometrium, which is composed of smooth uterine
muscles, and endometrium, which is composed of
ciliated simple columnar epithelium and an underlying
lamina propria where the uterine glands and blood
vessels are located. In contrast to the other groups,
the endometrium, myometrium, and serosa that con-
stitute the uterine histological structures were more
difficult to distinguish in the uterus of APAP-treated
rats. Comparatively to the untreated rats, ciliated and
secretory epithelial cells were not visible, but foamy-
like forms with heterochromatic nuclei were in the
APAP-treated rats. In comparison to the control
group, this group's lamina propria showed less or no
uterine glands at a few sites. The fibroblasts, and
connective tissue stroma-forming cells in the lamina
propria were seen to have edematous regions and
extravasation erythrocytes in addition to degenerative
changes. The exosome group's rat uterus had the
same normal histology as that of the control group,
including the endometrium, myometrium, serous lay-
ers, and uterine glands. Layers of the rat uterus from
the APAP+exosome group were identified as luminal
epithelium, lamina propria, myometrium, and serosa.
In the luminal epithelium of the uterus of rats in the
APAP+exosome group compared to APAP group
animals, foamy-like forms containing heterochromatic
nuclei were reduced (Figure 1).

Control Exosome

Figure1. Representative micrographs of uterus and
fallopian tube stained with H&E are showed at a mag-
nification of x200. The mucosal folds of the control
are covered by simple columnar ciliated epithelium in
each tissue. Abnormally loss most of their cilia with
the appearance of atypicalpleomorphic nuclei in

APAP group. However APAP+exosome group
showed the typically normal columnar epithelium cov-
ered by numerous cilia (H&E staining).
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The control rat fallopian tube was examined using
H&E-stained sections, which demonstrated the fim-
briae were formed of branched vascular tissue and
ciliated columnar epithelium (Figure 1). The stromal
and epithelial cells were extensively separated in the
damaged tubes. Many cells had pyknotic, darkly pig-
mented nuclei APAP group. Following exosome ther-
apy, the epithelial cells appeared to return to their
usual position, and the pyknotic cells became less
noticeable in APAP+exosome group.

In the light microscopic examination of the MT-
stained uterus and fallopian tube tissues of the exper-
imental groups, no significant difference was ob-
served in the direction of fibrosis in both tissues
(Figure 2).

Control Exosome AT

AST+Exosome

Fallopian tubes

Figure 2. Representative photomicrogrz;phs of uterus
and fallopian tubes in various groups (MT staining,
390 magnification x40).

Immunohistochemical results

By using IHC, the semi-quantitative immunoreactivity
of the autophagy markers Beclin-1, p62, and LC3
was assessed between the groups. In the endometri-
um of the rats in the APAP group, we observed that
Beclin-1 expression was lower than that of the rats in
the control group in surface epithelial cells, glandular
epithelial cells, and stromal cells. Rats from the exo-
some group had similar levels of beclin-1 immunore-
activity in both uterine glands and endometrium com-
pared to the control group (Figure 3).

Control Exosome AST

Figure 3. Representative Beclin-1 immunohisto-
chemistry micrographs of uterus and fallopian tubes
are showed at a magnification of x400.

We observed that after APAP administration, Beclin-
1, p62, and LC3 immunostaining in surface and glan-
dular epithelial cells and stromal cells in the endome-
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trium increased, while the expression decreased after
exosome treatment when we semi-quantitatively
compared APAP+exosome with APAP alone (Figure

AST+Exosome
T T,

Figure 4. The immunoreacfivity of autophagy marker
p62 in rat uterus and fallopian tubes from each group.
(IHC, magnification x40).

Rats from the APAP+exosome and APAP groups
showed higher levels of LC3 immunoreactivity in
glandular epithelial cells, surface epithelial cells, and
stromal cells in the endometrium than did rats from
the control group. Rats from the exosome group had
similar endometrial and uterine gland immunoreactivi-
ty to rats from the control group. We found that LC3
immunoreactivity increased after APAP administra-
tion in comparison with the control and decreased
after exosome administration when we semi-
quantitatively compared the APAP+exosome and
APAP groups (Figure 5).

AST+Exosome

Control Exosome AT

Figure 5. Expression LC3 in uterus and fallopian
tubes epithelial cells of the experimental groups (IHC,
magnification x40). The highest intensity expression
in APAP group, the lowest in the control group.

The statistical differences between the expression
levels of autophagy markers in the uterus and fallopi-
an tube tissues of the experimental groups are shown
in Figure 6.
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Beclin-1 Immunreactivity intensity
in uterus
P62 immunreactivity intensity

in uterus
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LC3 immunreactivity intensity
in uterus

In fallopian tubes
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Figure 6. The autophagy markers (Beclin-1, p62, and
LC3) in the uterus and fallopian tube were enumerat-
ed in immunohistochemical stains. The values in all
panels are depicted as mean + SEM. (*P < 0.05; **P
<0.01; ***P < 0.001).

Discussion and Conclusion

APAP has analgesic, antipyretic, and anti-
inflammatory effects on patients with a variety of clini-
cal diseases. Adult fertility and, more broadly, all re-
productive functions and processes throughout life
are defined by reproductive health. Several research
studies have highlighted variations in human repro-
ductive function. The consistent rise in reproductive
diseases raises the possibility of environmental and/
or lifestyle-related causes (Arendrup et al., 2018).
Endocrine disruptors may therefore cause harm
throughout generations, particularly in germ cells
(Wei et al., 2015), leading to decreased fertility and
worse quality gametes, sperm, and oocytes.

APAP is widely used by women. After exposure to
APAP during the process of embryogenesis or organ-
ogenesis, animal models have demonstrated necrotic
and degenerative alterations in the pulmonary, repro-
ductive, and neurological systems (Van den Anker
and Allegaert, 2018). The research that is now availa-
ble also suggests that paracetamol may disrupt sev-
eral hormonal processes, including steroidogenesis
and the depletion of sulfated sex hormones (Cohen
et al., 2018), establishing the biological plausibility for
any potential change in the embryonic reproductive
systems related to paracetamol exposure. When
pregnant rats were given indomethacin (0.8 mg/kg/
day between 15.5 and 18.5 dpc) or APAP (350 mg/
kg/day between 13.5 and 21.5 dpc), the number of
germ cells in the fetal ovaries was decreased (by 40—
50%). As a result, in utero exposure to APAP and
indomethacin impacted the size of the adult ovary
and the fertility of F1 females (as determined by the
number of pups per generation) (Dean et al., 2016).
The sexual development of female offspring was also
affected by maternal APAP exposure (350 mg/kg/day
from 6 dpc until delivery and from 6 dpc until wean-
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ing), which increased plasma estradiol levels, de-
creased follicle reserve, and impaired sexual behav-
ior in female offspring (Aleixo et al., 2020). In prenatal
exposure to APAP in mice (50 or 150 mg/kg/day from
7 dpc to delivery), similar reductions in the number of
primordial germ cells were observed at 13.5 dpc,
which resulted in a reduced follicular pool in exposed
ovaries than in controls. Hence, research suggests
that therapeutic APAP dosages have an impact on
female fertility (Holm et al., 2016). Growing human
epidemiological data over the past 20 years has also
raised worry about early life paracetamol exposure
and an increased incidence of neurodevelopmental,
atopic, and reproductive adverse effects (Bardanzellu
et al., 2017). Conversely, the consequences of post-
partum ovarian and female reproductive health expo-
sure are unknown. Therefore, the effects of APAP on
reproductive health should also be examined. How-
ever, we show for the first time that APAP alters the
architecture of the uterus and fallopian tubes, which
can have toxic effects on female rats.

Exosomes were formerly thought to function as a
method for the cell to expel waste. Exosomes were
shown to be involved in intercellular communication
in the 2000s. Exosomes have been shown to load a
wide range of substances and transport them among
cells by acting as cargo in the decades that followed
(Zhao et al., 2020). Through the application of signals
including growth factors, proteases, and cytokines,
they enable communication between near or distant
cells (Harris et al., 2015). Considering that they in-
clude miRNA, exosomes offer a crucial idea in the
regulation of changes in cellular activity through ge-
netic material transfer (Valadi et al., 2007). Exo-
somes behave and function differently depending on
where they come from (Boérger et al.,, 2017). Exo-
somes have an additional benefit over mesenchymal
stem cells in that they are a cell-free therapy, pre-
venting immunological reactions and other undesira-
ble effects (Timmers et al., 2011). Because of its bet-
ter safety profile and reduced immunogenicity com-
pared to using MSCs directly, using exosomes may
offer noticeable advantages (Mendt et al., 2019).

In order to promote embryonic implantation during
the conceptive cycle and periods of shedding and
regeneration during the subsequent non-conception
cycle, the endometrium is a dynamic, complex tissue
that passes through stages of proliferation and differ-
entiation in succession (Tabibzadeh, 1996). The fallo-
pian tube is essential for several reproductive pro-
cesses, including sperm transport and capacity, ova-
ry retrieval and transport, fertilization, and the nutri-
tion and transportation of early embryos, in addition
to functioning as a passive pathway for gametes and
early embryos (Patil, 2009). In order to maintain cel-
lular homeostasis, autophagy mediates the lysosome
-mediated degradation of cytoplasmic components
such as damaged mitochondria and protein aggre-
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gates (Parzych and Klionsky, 2014). In multicellular
organisms, autophagy genes play a crucial role in
controlling a broad spectrum of vital cellular process-
es, including cell proliferation, cell death, inflamma-
tion, and a wide range of innate and adaptive im-
mune responses (Levine and Kroemer, 2008). As
autophagy may be protective or harmful depending
on the biological context, the relationship between
autophagy and disease pathogenesis is currently a
subject of significant research.

Recent studies have demonstrated the importance of
autophagy in the physiological and pathological func-
tions of the endometrium, including cyclic menstrua-
tion, decidualization, implantation, and disorders such
as endometrial hyperplasia, endometrial cancer, and
endometriosis (Oestreich et al., 2020). Human uter-
ine epithelial cells from postmenopausal women had
higher autophagy levels than those from premeno-
pausal women, suggesting that autophagy began to
develop in response to estrogen deficiency (Zhou et
al., 2016). This is consistent with the finding that
ceasing progesterone or estrogen causes modifica-
tions to the menstrual cycle (Choi et al., 2012) by
significantly increasing the expression of LC3 in the
endometrial Ishikawa cell line. These results suggest
that the basal levels of autophagy that are maintained
in the cycling endometrium are under the control of
ovarian steroid hormone levels. A further interesting
observation in this study is that APAP administration,
immunostaining of Beclin-1, p62, and LC3 autophagy
markers in epithelial and stromal cells in the endome-
trium increased, while the expression decreased after
exosome treatment. Moreover, animals in the exo-
some group had endometrium and uterine glands
that immunoreactive similarly to control rats for Beclin
-1, p62, and LC3.

The rat uterus and fallopian tubes exhibited histologi-
cal and morphometric alterations as a result of expo-
sure to APAP. Exosome treatment can also prevent
the degenerative changes caused by APAP in the
uterus and fallopian tubes. It appears that APAP has
a detrimental impact on the uterine and fallopian tube
ultrastructure in rats until it is demonstrated different-
ly. Exosomes can also be used to improve this histol-
ogy process. Studies utilizing combinations of anal-
gesics should be generalized based on our findings
because people frequently take analgesics or are
exposed to different cocktails of anti-androgenic or
anti-estrogenic chemicals in the environment. Due to
the widespread usage of analgesics, more rodent
research is needed to evaluate the harmful effects of
these drugs.
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