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Abstract
Background: Ischemic stroke (IS) is still a major cause of neurological disability. This study aimed
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to ascertain potential markers closely related to IS diagnosis and treatment and then we examined
the neuroprotective effect of N-acetylcysteine (NAC) in a transient cerebral ischemia.

Methods: Male Wistar rats were randomly divided into three groups (n=6), including sham, IR
(ischemia-reperfusion), IR+NAC (150 mg/kg, ip; intraperitoneally, 1 hour prior to ischemia and 5

Keywords: min before reperfusion). The infarct volume was evaluated by 2,3,5-triphenyl tetrazolium chloride
Eimha staining. H&E and Nissle staining were performed to evaluate cerebral ischemia-reperfusion
-Inflammation injury. miR-374a-5p gene expression, MAPK6, NLRP3, smad6, TNF-a, and IL-1p protein levels
-Ischemia

were determined by Real-time PCR, Western blot, and Elisa in the cerebral cortex exposed to IR.
“N-acetylcysteine Results: Herein, we found that IR increased infarct volume and pathological damage to the
cerebral cortex after global cerebral artery occlusion/reperfusion. In addition, miR-374a-5p gene
expression decreased, while MAPK6, NLRP3, and smad6 protein expressions increased in the
IR group. TNF-a and IL-1p protein levels increased in the ischemic cortex. Treatment with NAC
significantly attenuated infarct size, inflammation and reversed aforementioned molecule levels.
Conclusion: Taken together, these results suggested that ischemic insult can increase infarct
size, neuronal damage, and inflammation may in part by modulating miR-374a-5p, MAPKS®,
NLRP3, and smad6 pathway in the brain cortex after cerebral IR insult and providing new clues
to molecular mechanisms and treatment targets in IS. It can be alleviated by NAC as a potential
therapy for someone afflicted with ischemia.

Introduction during an ischemic stroke.**

Cerebral artery occlusion leads to insufficient oxygen and
nutrient supply to brain tissue and subsequent destructive
cerebrovascular disease.! Embolic arterial occlusion is the
major cause of ischemic stroke, but specifically, oxidative
stress and inflammation are identified to be the critical
pathogenic mechanisms of brain injury? Accumulating
evidence suggests that in hibiting the inflammatory
cytokines may be protective against ischemic stroke.’
Nevertheless, the molecular mechanisms of the
reperfusion-induced inflammation are not well clarified.
MicroRNAs (miRNAs) are an extensively studied class of
non-coding RNAs that can act as a key point in regulating
gene expression at the post-transcriptional level. They play
desirable diagnostic or prognostic biomarkers in many
cellular events including physiological and pathological
processes.*” Several miRNAs have been related to
neuroinflammation which is a major pathological event

Among them, miR-374a-5p can regulate inflammatory
responses, in various disorders including Hypoxic-
ischemic encephalopathy®! hypoxia-induced damage
of PCI12 cells'*" and ischemic stroke.’* miR-374a-5p can
regulate the release of inflammatory cytokines by targeting
NLR Family Pyrin Domain Containing 3 (NLRP 3)
inflammasome asa pro-inflammatory intracellular receptor
that contributes to inflammatory response in microglia'
and Hypoxic-ischemic encephalopathy.!! These findings
suggest that miR-374a-5p may play an important role in
the pathophysiology of ischemic stroke. SMAD Family
Member 6 (Smad6) as an inhibitory smad family protein
is a target gene of miR-374a-5p, which could prevent
neuronal damage in Hypoxic-ischemic encephalopathy !
and also increased after asphyctic preconditioning in fetal
brain tissue.'® Another target gene of miR-374a is Mitogen-
activated protein kinase 6 (MAPK6) which can protect
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against ischemia-reperfusion injury in myocardial cells in
vivo and in vitro."”

Some researchers demonstrated that the MAPK®6
pathway was related to neurotoxicity and then,
has an important role in the pathogenesis of some
neurodegenerative diseases, such as Alzheimer’s and
Parkinson’s.'®'* However, there is no experimental study
to verify miR-374a-5p expression and its target molecules
in ischemic stroke to provide an early marker in the early
diagnosis and targeted treatment of ischemic stroke.
Emerging evidence suggests that a protective strategy
against oxidative stress and subsequent neuroinflammation
may be useful to mitigate ischemic injury after stroke.

N-acetylcysteine (NAC) as a precursor of glutathione
and a powerful antioxidant has been proven to combat
oxidative stress and inflammation. Accumulating
evidence described the neuroprotective effect of NAC
in ischemic brain injury invivo*®* and invitro.** This
protection is mediated by Tumor necrosis factor alpha
(TNF-a) and inducible nitric oxide synthase (iNOS)
reduction,” increased interaction of Heat shock protein
90 (Hsp90) with Hypoxia-inducible factor 1-alpha (HIF-
1a),? MLK3 activation? and reduced size of infarct size.?!

However, it is needed to provide more details for
molecular alteration in ischemia-reperfusion injury and
NAC treatment for opening a new therapeutic window
in ischemic stroke. Considering these points mentioned
above, the current study aimed to investigate mir-
374a, NLRP3, smad6 and MAPK6 alterations in a rat
model of cerebral I/R involved in neuronal damage, and
inflammation. This study provides evidence regarding the
effect of NAC and whether it can reduce structural changes
in the rat cerebral cortex and its corresponding molecular
mechanisms caused by common carotid artery occlusion
(CCAO).

Methods

Animals, CCAO model, and NAC treatment

MaleWistar rats were kept in cages with a 12-hour
light/12-hour dark cycle at room temperature (21+2°“and
were given unlimited food and water accessibility. The rats
were (250£20 g in weight and 3-4 months old. All animal
procedures were performed according to the National
Institutes of Health Guidelines for the Care and Use of
Laboratory Animals and approved by the Animal Care
Committee, the Urmia University of Medical Sciences
(Ethical Code: IR.UMSU.AEC.1400.008).

The rats were divided into three groups (six in each
group): sham, IR (ischemia-reperfusion), IR+NAC.
According to the protocol of previous studies, the bilateral
CCAO approach was used to establish a transient global
ischemia model.”” Ketamine (60 mg/kg) and xylazine (4
mg/kg) were used intraperitoneally to cause anesthesia.
The common carotid arteries were exposed by performing
a 1.5 cm long vertical midline incision after shaving the
neck skin.

After separating the vagal nerves from the arteries,

vascular clamps were used to block the carotid arteries.
The clamps were withdrawn 20 min after the induction
of ischemia to allow for 24 hours period of reperfusion.
Rats in the sham group had the same treatmentexcept for
having their common carotid arteries tied. During the
experiment, a thermometric blanket was used to maintain
a constant body temperature of 37 +0.2°C.

The rats were administered 150 mg/kg of NAC
intraperitoneally in heparinized normal saline (pH 7.4) 1
hour prior to cutting off the blood supply and 5 minutes
prior to reperfusion in the treatment group. Instead of
NAC, the same volume of heparinized normal saline
was given to the animals in the ischemia alone and sham
groups at the exact period.”**

Infarct area assessment

The rats were sedated (ketamine 60 mg/kg, xylazine
4 mg/kg, ip) and killed by decapitation 24 hours after
CCAO, and their brains were promptly removed. Coronal
sections were cut into 2mm thick slices and dyed with 1%
2,3,5triphenyltetrazolium chloride (TTC; Sigma-Aldrich;
Merck KGaA) for 30 minutes at 37 C before being fixed
for 10 minutes with 10% paraformaldehyde. Image]
software was used to determine the size of the infarction.
(Version1.54; National Institutes of Health). The following
equation was used to calculate the size of infarct regions:
Infarct rate (%) = infarct volume/total volume multiplied
by 100.

Histopathologic analyses

Hematoxylin-eosin and Nissl staining were applied
to paraffin-embedded, formalin-fixed brain tissue
sections for a comprehensive examination of general
histologic morphology. Consequently, the sections were
deparaffinized and hydrated through an alcohol gradient.
The portions were then rinsed using distilled water.
The nuclei were then stained with hematoxylin for two
minutes before being washed with running water for one
minute. The slices were stained with eosin for 20 seconds,
dehydrated, and then mounted with neutral resins
following differentiation with 0.3% acid alcohol. Lastly, the
images were captured using a light microscope (Olympus,
Japan). For the Nissl Staining, the sections were stained for
10 minutes at room temperature with 1% toluidine blue
dye. After washing the pieces for one minute in distilled
water, they were dehydrated in gradient alcohol and
mounted with neutral resins.

Results were examined under a light microscope
(Olympus, Japan). Four randomly selected high-power
fields were analyzed, and vacuole formation (HE staining)
and Nissl positive cells (Nissl Staining) were counted
using OLYSIA Autobioreport Software (Olympus Optical,
Co. LTD, Tokyo, Japan) in a blinded manner. Results are
reported as the average number of vacuoles and neurons
in each staining.
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Quantitative real-time PCR

The qRT-PCR method was used to assess the expression
levels of miR-374a in homogenate cerebral cortex samples.
The miRCURYTMRNA isolation kit (Exiqon, Vedbaek,
Denmark) and ¢cDNA synthesis kit were used to extract
miRNA and synthesis cDNA from collected materials.
Then, using the standard SYBR Green master mix, cDNA
was used as a template for the construction of microRNA
quantitative real-time PCR (Exiqon, Vedbaek, Denmark).
Real-time PCR results were analyzed using the Bio-Rad
iQ5 detection System (Bio-Rad, Richmond, CA, USA).
For miRNA RT-PCR, U6 was used as an endogenous
control, and the relative expression of miRNA was
calculated using the precise 24 method.”® As a result,
the fold-change relative to the housekeeping gene was
reported. The subsequent primers were used: mir-374a

forward, 5-ATATAATACAACCTGCTAAGTG-3; mir-
374a reverse, 5-GAACATGTCTGCGTATCTC-3; U6
sense: 5-CTGCTTCGGCAGCACATATACTAA-3; and

U6 antisense:3-AGGGGCCATGCTAATCTTCTCT-5.
GenBank was used to acquire sequences. Using Gene
Runner software, the primers were confirmed (Syngene,
Cambridge, UK). The specificity of novel primer sets was
evaluated using the software Oligo 7.6.

Western blot

As previously described, the MAPK6, NLRP3, and
smad6 protein levels in homogenate cerebral cortex
tissue were evaluated by Western immunoblotting.® In
summary, the obtained tissue was homogenized and then
sonicated in a cold lysis buffer comprising 1% Triton
X-100, 0.1% sodium dodecyl sulphate (SDS), 50mM
Tris hydrochloride (Tris-HCl), pH 7.5, 0.3M sucrose,
5mM Ethylenediaminetetraacetic acid (EDTA), 2mM
sodium pyrophosphate, ImM sodium orthovanadate,
and ImM phenylmethylsulfonyl fluoride, supplemented
with a complete protease inhibitor cocktail. To collect the
supernatant and detect proteins, homogenized tissues were
centrifuged for 15 minutes at 1000 g and 4 °C. Through
SDS-PAGE, the proteins were separated and transferred
to a PVDF membrane. Upon blocking with skim milk,
anti-MAPKG6 (catalog number sc-374239, 1:1000 dilution,
SANTA CRUZ), anti-NLRP3 (catalog number ab91413,
1:100 dilution, ABCAM), and anti-smad6 (catalog number
sc-25321, 1:500 dilution, SANTA CRUZ) antibodies were
used to precisely determine the quantity of the proteins.”
Using Image ] software, immunoreaction density was
measured. Final results are estimated as a ratio of the target
protein to B-actin protein.

ELISA

For determination of the cerebral cortex TNF-a and
IL-1B content, the supernatant sample was subjected
to a quantitative sandwich enzyme immunoassay using
a relevant ELISA kit (China; Cat. NO. CSB-E10526r)
and (China; Cat. NO. CSB-EL006328RA) based on the
manufacturer’s instructions.*® Therefore, microplates were

coated with a specific protein antibody. Then, standards and
samples were pipetted into the wells, and an immobilized
antibody was used to attach any particular proteins present.
After removing all unbound compounds, Horseradish
Peroxidase (HRP) coupled with biotin was added to the
wells. The wells were then treated with a substrate solution
to generate a colour proportional to the amount of protein
bound. After terminating the colour development, the
color’s intensity was evaluated.

Determination of CK-BB and LDH activities

Levels of CK-BB and LDH were measured
spectrophotometrically using an autoanalyzer (Roche
Cobas-Integra 800) and commercially available test
cassettes (Roche). CK-BB levels were also measured
spectrophotometrically employing an immunoinhibition
technique and an autoanalyzer (CobasIntegra 800).%

Statistical analysis

The findings were reported as mean + SEM, and data
analyses were conducted using SPSS 25. All parameters
were examined for normality by using the one-
sample Kolmogorov-Smirnov test. One-way analysis of
variance (ANOVA) was used to analyze the data, followed
by Tukey’s test. The level of significance was denoted by p
<0.05.

Results

Cerebral infarction volume

To assess the effect of NAC on infarct volume, we per-
formed TTC staining. The normal brain tissue appeared
red, with infarct area stained white. In sham group, no
infarction was observed. CCAO and reperfusion (26.6 +
2.78) increased the infarct volume ratio in model group,
and NAC treatment significantly decreased (10 + 1.37) the
infarct volume ratio in cerebral cortex of rats (P <0.001)
(Figure 1).

Histopathologic findings

HE staining was employed to evaluate brain histological
alterations. As indicated in Figure 2, histopathology was
normal and no neuronal damage was found in the sham
surgery group. In the CCAO model group, however, most
cells were haphazardly ordered and morphologic abnor-
malities were identified, including cell swelling and exten-
sive vacuole formation. The treatment with NAC, however,
ameliorated these pathological anomalies. The number of
viable cortical neurons was then determined using Nissle
staining. Histological examination revealed that cerebral
ischemia injury resulted in fewer Nissle-positive neurons
than sham-operated rats, but NAC therapy preserved the
neurons (P<0.05).

mir-374a expression in the cerebral cortex

Real-time PCR was applied to determine the effects of
cerebral IR injury and NAC therapy on the expression
of mir-374a in the cerebral cortex. In the present
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Figure 1. NAC treatment reduces the brain infarct volume upon CCAO. (A) Representative micrographs of TTC-stained brain sections
(B) Infarct volume quantitation. *** P<0.001, vs IR group (One-way ANOVA followed by Tukey’s test). All data are expressed as the means
+ SEM (n=6). Sham, IR: ischemia reperfusion, IR+NAC: ischemia-reperfusion+ N-acetylcysteine.
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Figure 2. NAC treatment rescues neuronal damage upon CCAO (A) Representative micrographs of H&E staining and Nissle staining
(scale bar=50 pm). NAC treatment alleviated morphological changes and increased the number of viable neurons after CCAO. (B)
Quantitation of vacuole formation (C) Quantitation of Nissle-stained neurons. *** P<0.001, vs sham group; # P<0.05, vs IR group. All data
are expressed as the means + SEM (n=6) (One-way ANOVA followed by Tukey's test) Sham, IR: ischemia reperfusion, IR+NAC: ischemia-
reperfusion+ N-acetylcysteine.
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Figure 3. The effect CCAO with or without NAC treatment on the
mir-374a gene expression in the cerebral cortex in different groups.
*** P<0.001 vs sham group, ## P<0.001, vs IR group (One-way
ANOVA followed by Tukey's test). All data are expressed as the
means +* SEM (n=6). Sham, IR: ischemia-reperfusion, IR+NAC:
ischemia reperfusion+ N-acetylcysteine.

investigation, Figure 3 depicts the expression of mir-374a
in the rat cortex in experimental groups. Cerebral IR
injury led to a significant decrease (p < 0. 001) in mir-374a
expression (0.29+0.08) compared with the sham (1£0.0)
group. However, treatment with NAC (0.9+0.12) reversed
this effect (p< 0. 001).

MAPK6, NLRP3, smad6 protein levels in the cerebral
cortex

To determine the effect of IR injury and NAC intervention
on MAPK6, NLRP3, and smadé6 protein levels, Western
blot analysis was performed on cerebral cortex tissue
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taken from separate research groups 24 h after CCAO. In
the cerebral cortex, IR damage significantly enhanced the
expression of MAPK6 (1.77+0.09), NLRP3 (2.35+0.07)
(P<0.001), and smad6 (1.28+0.05) (P<0.01) proteins
expression in the cerebral cortex compared to the sham
(1+0.0) group (Figure 4). NAC therapy decreased MAPK6
(1.08 +0.05) (P<0.001), NLRP3 (2.16+0.04) (P<0.05) ,
and smad6 (1.1+0.05) (P<0.05) protein expressions in the
cerebral cortex exposed IR injury.

TNF-« and IL-1f level in the cerebral cortex
Inflammatory cytokines (TNF-a and IL-1B) were highly
expressed at 24 h after CCAO occlusion (88.07 £ 5.78, 149
+8.2) in IR group compared to sham animals (13.49+ 1.39,
31.88+ 6.15) as shown by Elisa assay (P<0.001). Treatment
with NAC significantly decreased ischemia-induced
expression of TNF-a (32.5+3.98) and IL-1p (74.53+7.44)
levels at 24 h after reperfusion (P<0.001) (Table 1).

Serum level of LDH and CKBB

Serum LDH and CKBB levels were investigated as
indications of brain tissue injury. Since the highest
plasma LDH and CK-BB activity was observed at 24 h
of reperfusion, we measured these enzymes during this
period.** Higher levels of LDH (18.65+2.53) and CKBB
(286+10.3) were detected in the I/R group compared to
the sham group (5.59+ 0.9) (121+ 16) (P<0.001), and these
elevations were considerably mitigated by NAC therapy
(12.84£0.93, P<0.05; 164+12.3, P<0.001 respectively)
(Figure 5).
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Figure 4. The effect of CCAO with or without NAC treatment on the MAPK6, NLRP3 and smad6 protein expressions in the cerebral cortex
of all experimental groups. The blotting images of MAPK6, NLRP3 and smad6 (a). The bar charts represent the quantitative analysis of
the protein levels of MAPK6, NLRP3 and smad6 (b, c, d) normalized against B-actin. **p < 0.01, ***p < 0.001 vs sham group; # P<0.05,
### p < 0.001 vs IR group (One-way ANOVA followed by Tukey's test). All data are expressed as the means + SEM (n=6). Sham, IR:
ischemia-reperfusion, IR+NAC: ischemia-reperfusion+ N-acetylcysteine.

Table 1. The effect of CCAO with or without NAC treatment on TNF-a and IL-1f3 protein levels in the cerebral cortex in different groups.

Sham IR IR+NAC
TNF-a (pg/mg protein) 13.49+1.39 88.07+5.78™ 32.5+3.98%#
IL-1B (pg/mg protein) 31.886.15 149+8.2™ 74.53+7 44

***n < 0.001 vs sham group, ### p < 0.001 vs IR group (One-way ANOVA followed by Tukey's test). All data are expressed as the means
+ SEM (n=6). Sham, IR: ischemia reperfusion, IR+NAC: ischemia reperfusion+ N-acetylcysteine
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Figure 5. The effect of CCAO with or without NAC treatment on LDH and CKBB levels in the serum of different groups. ***p < 0.001 vs
sham group, # p < 0.05, ### p < 0.001 vs IR group (One-way ANOVA followed by Tukey's test). All data are expressed as the means *
SEM (n=6). Sham, IR: ischemia-reperfusion, IR+NAC: ischemia reperfusion+ N-acetylcysteine.

Discussion

In the present study, we demonstrated for the first time
that ischemic insult increased infarct size, neuronal
damage, and inflammation may in part be associated with
regulating miR-374a-5p, MAPK6, NLRP3, and smad6
signaling pathways in the brain cortex. Interestingly,
remarkable amelioration of the molecular alterations
in the cerebral cortex and, subsequently, the reduction
of neuronal damage to those observed in the ischemic
animals appeared in the NAC-treated rats.

Based on our analysis, morphologic change of neurons
including widespread vacuole formation and reduced
staining intensity of Nissl substances in the cerebral
cortex as well as increased infarct area upon ischemic
insult was found in the present study which appeared after
24 hours of ischemia. Other studies are in line with our
findings suggesting that ischemia reperfusion induced
histopathological changes in the cerebral cortex which
could be recovered by NAC treatment.?***

Despite many advances in this area, the mechanisms
underlying IR injury remain largely unclear, hence no
effective therapy has been described yet.”** The major
pathway leading to neuronal damage through activating
neurotoxic cascades after initial stroke is related to elevation
of glutamate and calcium, resulting in a generation of free
radicals and inflammation reaction.”® Inflammation has
been identified as an important leading cause of brain
injury and subsequent neurological dysfunction in all
stages of the ischemic cascade including ischemia and
reperfusion.’®”” Inflammatory cytokines especially TNF-a
and IL-1p upregulated in stroke resulting in neuronal cell
death through induction of free radicals in glial cells.” In
this study, we found high expression of these cytokines
after 24 hours of reperfusion which was in agreement
with earlier studies.>**** Here, we address the molecular
mechanisms of ischemic stroke which may trigger

inflammatory cascade to be a promising candidate for
effective therapy in acute stroke.

Numerous miRNAs are found in the brain tissue and
may be considered as diagnostic or prognostic biomarkers
in the management of ischemic stroke insult.**** Previous
reports indicated that miR-374a-5 was decreased in the
umbilical cord blood of infants with hypoxic- ischemic
encephalopathy,” and overexpression of miR-374a-5p
attenuated apoptosis of PC12 cells treated by oxygen/
glucose deprivation in vitro."? Interestingly, in this study,
miR-374a-5p decreased in the cerebral cortex 24 hours
after IR injury. Thus, this study for the first time notified
down-regulation of miR-374a-5p levels of cerebral cortex
tissue following IR injury in rats and further provided
new insights as the potential target for the treatment of
ischemic insult. Other studies are in line with our results.
Chen et al.,"! reported that miR-374a-5p was reduced in
the brain tissue of hypoxic-ischemic encephalopathy (HIE)
rats. Thus, overexpression of miR-374a-5p significantly
mitigated pathological damage to the neonatal brain, and
inhibited the release of pro-inflammatory factors (IL1p,
TNF-a and IL-6) by regulating NLRP3 inflammasome
in hypoxic-ischemic encephalopathy rat model in vivo.
NLRP3 inflammasome as a pro-inflammatory intracellular
recognition receptor is known as a central component in
the inflammatory cascade, and triggers an inflammatory
response in microglia.**** Microglia and astrocytes are the
main factors of neuroinflammation in ischemia which can
produce some cytotoxic factors including TNF-a, IL-1,
IL-6, and NO leading to neuronal dysfunction.*® NLRP3
protein expression was elevated in our study after IR insult
in male rats which is in consistent with above mentioned
researches.

Smad6 is an oncogenic gene that can participate in
promoting hepatocellular carcinoma metastasis.”” Cox-
Limpens et al.'® identified that up-regulation of smad6
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could indicate a preconditioning-activated neuroprotective
mechanism 96 hour after fetal asphyctic preconditioning.
However, Chen et al.'' reported that the expression of
Smad6 in Neonatal HIE was up-regulated within 24 h of
hypoxia. Taken together, we measured smad6 at 24 h after
IR which is in agreement wuth that study. It is considered
that this controversy is possibly dependent to the timing of
the ischemic cascade in part due to endeavor for recovery
from the injury.*

Smad6 is a target gene of miR-374a-5p, which was
involved in neuroprotection in hypoxic conditions. Chen
et al."' reported that miR-374a-5p significantly inhibited
pro-inflammatory cytokines in neonatal rat hypoxic-
ischemic encephalopathy model in vivo and also inhibited
the activation of NLRP3 inflammatory signals in microglia
and the subsequent release of pro-inflammatory factors
through Smad6 in vitro. In this study, we found that Smad6
protein level increased in CCAO, suggesting that Smad6
may be considered the direct target gene of miR-374a-5p
to regulate the inflammatory cytokines in ischemic stroke.

MAPKGS6 is a member of Ser/Thr protein kinase family
and is mostly expressed in the brain tissue in response to
stress.’® MAPK6 has been involved in the pathogenesis of
neurodegenerative diseases and plays an important role in
neurotoxicity."

It has recently been identified as a target of miR-374a-5p
and has been identified as a critical protein in ischemia/
reperfusion in hepatic and cardiac cell injury.”* In
this study, we found MAPK6 overexpression in CCAO
indicating a new light in the pathogenesis of IR injury in
the cortex tissue of ischemic rats.

Based on our results, molecular analysis showed that
down-regulation of miR-374a-5p gene expression and
up-regulation of NLRP3, Smad6, and MAPKG6 levels were
observed after 24 h following CCAO in cortex tissue.
Our findings support that miR-374a-5p can modulate
brain cortex tissue injury through Smad6é and MAPK6
axis, which provide a promising target for diagnostic and
therapeutic strategies in cerebral I/R injury.

NAC is a membrane-permeable cysteine precursor
that delivers cysteine to the cell. After NAC enters a cell,
it undergoes a rapid process of hydrolysis, leading to the
release of cysteine. This cysteine then acts as a precursor
for the synthesis of glutathione (GSH), a vital antioxidant
in the body that plays a crucial role in protecting cells
from oxidative damage and maintaining cellular health
and function. In light of these observations, NAC
has been identified as a potent antioxidant agent that
possesses the ability to prevent ischemic injury in several
tissue such as cerebral cortex.?*??*>%3! It can cause a
remarkable increase in glutathione content, elevated
hypoxia-inducible factor-1 reduced apoptotic index, and
decreased expression of iNOS, IL1P, TNF-a.2*?"% Here,
in the present study, our results indicated that treatment
with NAC could mitigate histopathological damages and
inflammation possibly by modulating proinflammatory
cytokines (TNF-a, IL-18), NLRP3 inflammasome, miR-

374a-5p, and its targets including MAPK6 and smadé6.
This finding is in agreement with the study of Khan et al.,”
in which administration of NAC improved neurological
score and decreased cerebral infarction through its anti-
inflammatory effect by regulating iNOS, IL13, TNF-a
expression. In addition, Keshk et al.,”* reported that NAC
could prevent neurodegeneration via improving oxidative
stress and neuroinflammation by suppressing NLRP3 in
cerebral cortex. Our data indicate for the first time that
miR-374a-5p, and its targets including MAPK6, smad6
and NLRP3 may play a crucial role in the inflammatory
cascade during I/R. NAC administration as an antioxidant
could reverse these aforementioned molecules which can
be considered as an effective therapy in cerebral ischemic
insult. Future studies are needed to focus on applying
molecule inhibitors to confirm the suggested pathway in
cerebral IR.

Conclusion

In conclusion, our research reveals, the underlying
mechanism of cerebral IR injury which at least was
attributed to miR-374a-5p, MAPK6, smad6, and NLRP3
alterations. This study provides insight into the molecular
mediators involved in cerebral IR injury indicating a
potential novel therapeutic target for treating cerebral IR.
Administration of NAC can protect cerebral cortex injury
against IR probably by modulating miR-374a-5p, MAPKE,
smad6, and NLRP3. Further clinical or preclinical studies
would be required.
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