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Aim: Cerebral ischemic injury is one of the debilitating diseases showing that inflammation
plays an important role in worsening ischemic damage. Therefore, studying the effects of
some potential anti-inflammatory compounds can be very important in the treatment of
cerebral ischemic injury.

Methods: This study investigated anti-inflammatory effects of triblock copolymer nanomi-
celles loaded with curcumin (abbreviated as NC) in the brain of rats following transient
cerebral ischemia/reperfusion (I/R) injury in stroke. After preparation of NC, their protective
effects against bilateral common carotid artery occlusion (BCCAO) were explored by
different techniques. Concentrations of free curcumin (C) and NC in liver, kidney, brain,
and heart organs, as well as in plasma, were measured using a spectrofluorometer. Western
blot analysis was then used to measure NF-kB-p65 protein expression levels. Also, ELISA
assay was used to examine the level of cytokines IL-1f, IL-6, and TNF-a. Lipid peroxidation
levels were assessed using MDA assay and H&E staining was used for histopathological
examination of the hippocampus tissue sections.

Results: The results showed a higher level of NC compared to C in plasma and organs
including the brain, heart, and kidneys. Significant upregulation of NF-xB, IL-1p, IL-6, and
TNF-a expressions compared to control was observed in rats after induction of I/R, which
leads to an increase in inflammation. However, NC was able to downregulate significantly
the level of these inflammatory cytokines compared to C. Also, the level of lipid peroxidation
in pre-treated rats with 80mg/kg NC was significantly reduced.

Conclusion: Our findings in the current study demonstrate a therapeutic effect of NC in an
animal model of cerebral ischemia/reperfusion (I/R) injury in stroke through the down-
regulation of NF-kB-p65 protein and inflammatory cytokines.
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Introduction

Stroke is currently the second leading cause of death and long-term disability in
developed countries and its trend is on the rise.'” About 85% of strokes are caused
by ischemia, which results from thrombosis, embolism, and decreased systemic
blood flow.” Delayed improvement in blood flow due to the activation of the
oxidative stress process causes greater damage than the initial damage, which
leads to endothelial dysfunction, capillary obstruction, damage to tissue and oxygen
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supply, followed by blood-brain barrier disruption, and
cerebral edema.* At present, despite the significant infor-
mation available in stroke prevention, there are fewer
options for treatment, and the gold standard for the treat-
ment of stroke is intravenous recombinant tissue plasmi-
nogen activator (IV r-TPA), which can restore brain
function only up to about 4 to 5 hrs after stroke.
Therefore, it can be used only in 2-4% of patients with
stroke.” It is very important to restore blood flow in I/
R-affected areas of the brain by thrombolysis, which
causes the clots to dissolve rapidly.® Although this type
of treatment reduces the apoptosis of neuronal cells, it
induces inflammatory responses that lead to oxidative
and inflammatory damage.” Therefore, finding novel treat-
ment strategies to reduce this type of oxidative and inflam-
matory damage in cerebral I/R conditions is very
important.®

Therefore, the aim of the current study was to investi-
gate the protective effects of NC on brain damage induced
by cerebral I/R injury as well as its effects on the inflam-
matory response of the NF- kB pathway.

Materials and Methods

Preparation of C-Loaded Nanomicelles
PLA-PEG-PLA, PLA average Mn 1500, PEG average Mn
900, average Mn ~2000 was purchased from Sigma Co.
(USA). The PLA-PEG-PLA polymers precipitated above
60 mg/mL; therefore, we prepared samples of 50 mg/mL,
which is also above the critical micelle concentration
(CMC). The preparation of C-loaded nanomicelles was
done based on using the thin film hydration method.?®
Briefly, stock solutions of PLA-PEG-PLA (50 mg/mL)
and curcumin (10 mg/mL) in ethanol were prepared.
These solutions were then transferred into vials and etha-
nol was subsequently evaporated employing a heat gun.
Afterward, the vials were dried at 50 °C in a vacuum oven
and the formed layers were rehydrated with distilled water
and used for further characterization techniques. The
obtained solutions were vortexed for 2 min, centrifuged
(2500 rpm for 15 min), and the supernatant was utilized in
further experiments.

Characterization of NCs

The diameter of nanomicelles was evaluated by transmis-
sion electron microscopy (TEM, Electron Microscopy
Sciences, Hatfield, PA, USA). The size and zeta potential
of nanomicelles and NC were determined using Zetasizer

Nano ZS (model ZEN 3600; Malvern Instruments, Inc.,
Malvern, UK) at room temperature.

Analysis of Curcumin Loading

To measure encapsulation efficiency (EE) of C in nano
micelles, the NC was resuspended in distilled water to
have a final concentration of 10 mg/mL of a PLA-PEG-
PLA and 2 mg/mL of curcumin. The solution was further
centrifuged (2500 rpm for 15 min) and 50 pL of the final
solution was added by 450 uL of ethanol and measured by
UV-vis spectrophotometry at Ay,x of 420nm using the
following equation:

EE% — total amount of C — free amount of C « 100
total amount of C
(1

Curcumin Release in vitro

After NC preparation and centrifugation, the supernatants
of rehydrated samples were transferred into dialysis bags
(MINI Dialysis Units, 3.5 cut-off MWCO). The bags were
then placed in a medium containing 2 mL of PBS (pH:
7.4). Then, 50 pL of the medium was removed and the
same amount was replaced by PBS to ensure the sink
condition. Finally, the C release from NC was quantified
by UV-vis spectrophotometry at A, of 420nm.

Experimental Protocols and Groups

Forty-eight adult male Wistar rats, weighing 200-220g
(aged 4-5 weeks), were prepared by the neurology depart-
ment, Wuhan University of Science and Technology,
China. The
Institutional

study protocol was approved by the
Wuhan
University. All animals were kept in standard laboratory
conditions (temperature: 24°C+1°C, humidity: 55%=+10%,
lighting: 12-h light/dark cycle), and they had access to
food and water freely all the time during this study
(Animal Welfare Regulations (USDA 1985; US Code, 42
USC § 2894d)).

The rats were randomly divided into 6 groups, as

Animal Care Committee at

follows:

The control group received normal saline solution.
The stroke group received normal saline solution.
The stroke group received nanomicelles.

Sl S

The stroke group received curcumin 80mg/kg
(C80mg/kg) dissolved in drinking water.
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5. The stroke group received triblock copolymer nanomi-
celles loaded with curcumin 80mg/kg (NC80mg/kg).

6. The stroke group received triblock copolymer nanomi-
celles loaded with curcumin 40mg/kg (NC40mg/kg).

Groups 3—6 were treated orally through gavage with nano-
micelles, C and NC for 14 days; 24 h after the last gavage,
the stroke was induced.

Plasma and Tissue Distribution of NC
After administration of the last dose of C or NC in the
studied rats, blood samples were taken by heart puncture at
1, 2, 4, 8, 16, 24, 48, and 72 h to measure the plasma
concentrations of C and NC. After centrifugation at
3000 rpm for 10 min, plasma C and NC concentrations
were determined by spectrofluorometry with excitation
and emission wavelengths of 485 and 590nm, respectively.

Concentrations of C and NC in the liver, kidneys,
brain, and heart were also measured. For this purpose,
the rats were killed 24 h after the last dose of C and NC
administration and the organs were isolated and washed
with PBS and then lysed and homogenized. The tissue
homogenate was treated with acidified isopropanol to
extract C and NC and, after centrifugation, the supernatant
was analyzed by spectrofluorometer.

BCCAO Induction

For inducing stroke by bilateral common carotid artery
occlusion (BCCAO), rats were anesthetized by injection
of ketamine (50mg/kg) and xylazine (2—-8mg/kg) intraper-
itoneally (i.p). Then, the animals' tails and paws were fixed
using adhesive tape. Sagittal incisions were made through
the neck midline (1 cm length), then the bilateral common
carotid arteries were revealed, and both carotid arteries
were carefully separated from the respective vagal nerve.
Avoiding any manipulation of the vagal nerve was crucial.
A 5-0 silk suture loop was made around each common
carotid artery. Both common carotid arteries were
occluded for 30 min by tightening the silk sutures. Then,
a 72-h reperfusion period was initiated. Afterward, the
wounds were sutured. Finally, the rats were returned to
their cages and brain sample collection based on ethical
protocols and biochemical assays (ELISA kit-sigma
Aldrich) were done after 72 h.

Western Blot Analysis
Brain tissue isolated from rats, after rinsing with a cold

PBS buffer, was crushed and homogenized in

a microtubule with 1 mL RIPA (radioimmunoprecipitation
assay) buffer (Abcam, Cambridge, UK) and in 1% pro-
tease inhibitor (Sigma) in a homogenizer device. After
centrifugation at 13,000 rpm for 15 min, the supernatant
was collected and the protein concentration was deter-
mined using a BCA kit (Thermo, Pierce, USA). 60ug
total protein was electrophoresed on 10% polyacrylamide
gel at a constant voltage of 80V for 35 min and then 120V
for 45 min. The electrophoresed proteins were then trans-
ferred to polyvinylidene fluoride (PVDF) paper and
incubated with NF-kB-p65 (Cell Signaling, USA) and
beta-actin (p-actin) monoclonal antibodies at 4°C over-
night. PBST solution containing 0.1% Tween-20 was
used to wash the membrane and then HRP-Rabbit anti-
rat secondary antibody (1:10,000) against the primary anti-
body was incubated on the shaker for 190 min and then
washed again. Finally, by adding chemiluminescence ECL
(GE Healthcare, Uppsala, Sweden) to the PVDF paper, the
presence of NF-kB-p65 protein in the samples was inves-
tigated. In addition to the samples, the negative control
sample (without primary antibodies) was also electrophor-
esed with the same concentration of proteins. Western blot
test results were analyzed using Image-Pro Plus 6.0 soft-
ware (Media Cybernetics, Bethesda, MD, USA).

Enzyme-Linked Immunosorbent Assay
(ELISA)

The rats were killed under deep anesthesia, then their
brains were removed and stored at —80°C for biochemical
assays. The animals’ brains were homogenized in a buffer
(TRIS HCL, SDS, DTT, NP40, and glycerol), and centri-
fuged for 5 min. ELISA kits (Siemens AG, Siemensdamm,
Germany) were used to evaluate the levels of TNF-a, IL-
1B, and IL-6 cytokine in the rat brain tissue samples.

MDA Assay

The Rao et al method was used to measure the amount of
MDA?” by thiobarbituric acid (TBA). For this purpose,
rat brain tissue samples were first centrifuged at 2000g
for 5 min. Then, 100uL of the supernatant along with
900uL of distilled water was added to the test tube and
500uL of TBA reagent was placed in a boiling water bath
for 60 min, after which the tubes were centrifuged again
at 4000g for 10 min. Finally, the adsorption of the super-
natant was read at 534nm using a spectrophotometer
(UV1600).
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Histopathological Assay

After separation, rat hippocampus tissue was fixed in 10%
formaldehyde solution for 24 h and then embedded in
paraffin and cut into S5p sections by a microtome.
Sections from the CA1 and DG areas of the hippocampus
were taken to examine for possible changes in brain tissue.
Five tissue sections for each group were randomly exam-
ined. The sections were stained with H&E and then exam-
ined by a light microscope (Nikon, USA) with x400
magnification.

Statistical Analysis

Data analysis was carried out using GraphPad Prism 7
software. The normal distribution of data was confirmed
using the Kolmogorov—Smirnov test. Then, all data were
analyzed using one-way analysis of variance (ANOVA)
and the Tukey post hoc test. Data were presented as
Mean + SEM. A probability level of p <0.05 was consid-
ered to be a significant difference.

Results

Characterization of Nanomicelles

The calculated DL and EE were shown to be 41.2% and
91.5%, respectively. The final concentration of C loading in
nanomicelles in the dried-powder was shown to be 2.09 pg/
mg. The characterization of prepared NC was done by TEM
and DLS techniques. As shown in Figure 1A, TEM analysis
showed that prepared NC had a size of around 10nm. They
were also well-dispersed and had a homogenous distribution
in the sample (Figure 1A). DLS study was also done to
determine the hydrodynamic radius and colloidal stability
of prepared nanomicelles in the absence and presence of
C. It was shown that the nanomicelles had a hydrodynamic
radius of 96.67+11.94 nm (PDI: 0.167) with good colloidal
solubility (Figure 1B). It was also observed that the loading
of C into the nanomicelles and preparation of NC did not
change its hydrodynamic radius (data not shown). The zeta
potential of C, nanomicelles, and NC was evaluated to be
around —13, 54 mV, —12.67 mV, and —23.52 mV, indicating
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Figure | Characterizations of prepared PLA-PEG-PLA triblock copolymer NC by transmission electron microscopy (TEM) at room temperature (A) and DLS at a constant
angle of 90 degrees and temperature of 25°C (B). Drug release assay of C from NCs at pH 7.4 (C) (n=6).
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also the potential colloidal stability of NC. A drug release
assay was done to evaluate the amount of C released into the
PBS medium over time (72 h). As shown in Figure 1C, it
was indicated that C was gradually released from nanomi-
celles over 72 h at pH 7.4. Indeed, the release of C from
nanomicelles showed slower release behavior than free
C. Thus, the PLA-PEG-PLA triblock copolymer nanomi-
celles could improve the sustained release of C as a potential
drug delivery system.

Plasma Concentration and Tissue

Distribution of NC in vivo

In the rats that received NC and C orally for 14 days, the
plasma concentration of NC was higher than free C and
remained high for up to 24 h after the last administration.
However, after 72 h, complete clearance of C from rat
plasma was observed (Figure 2A).

In the rats that received NC and C orally for 14 days,
differences in NC and C content were observed in different
organs such as the heart, liver, brain, and kidneys. NC con-
tent in the brain was higher than C and NC uptake in organs
such as the heart, brain, and kidneys was significantly differ-
ent from C uptake (p <0.05). However, no difference in NC
and C uptake was observed in the liver. It appears that the
nanomicelle formulation of C leads to the high absorption of
C in the organs of the brain, kidneys, and heart (Figure 2B).

Effects of NC on Inflammatory Cytokines

in Ischemic Brains

The results showed a nearly twofold upregulation of TNF-a
protein level in I/R rats compared to controls, indicating an
increase of inflammation in brain tissue of rats with cerebral

A

40
304
204

104

Concentration (pg/ml)

Time(h)

I/R injury in stroke. However, NC in a dose-dependent
manner was able to downregulate the TNF-a level, indicat-
ing the anti-inflammatory effects of NC in cerebral I/R
conditions. In the present study, 80mg/kg NC had the high-
est effect on downregulation of TNF-a level and this effect
was greater compared to 80mg/kg free C (Figure 3A). After
induction of cerebral ischemia in rats, the IL-1f content
increased in the stroke group compared to controls; however,
as shown in Figure 3B, NC and C were able to reduce IL-1§
levels. The IL-1P inhibitory effect of C and NC was com-
pared and the results showed a concentration-dependent IL-
1B inhibition effect by NC. It seems that NC at a dose of
80mg/kg was able to significantly reduce the level of IL-18,
which indicates the anti-inflammatory effects of 80mg/kg
NC in conditions of cerebral I/R damage.

A sharp increase in IL-6 level was observed in the
ischemia brain tissue of rats, indicating a severe inflamma-
tory response to cerebral I/R injury in stroke. Also, the IL-6
inhibitory effect of NC and C was compared and the results
showed a dose-dependent inhibitory effect of NC on down-
regulation of IL-6 level so that the 80mg/kg resulted in the
lowest IL-6 content in the brain of cerebral ischemic rats.
Therefore, NC formulation plays an important role in down-
regulating IL-6 level and shows that this formulation can
reduce inflammation caused by stroke (Figure 3C).

Anti-Inflammatory Effects of NC May Be
Mediated Through pNF-kB Protein

Downregulation

Western blotting was used to evaluate whether the anti-
inflammatory effects of NC are related to NF-kB antago-
nizing. An upregulation in NF-kB protein expression was

B
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Concentration (ug/g tissue)

Heart Liver Brain Kidney

Figure 2 (A)Plasma concentrations—time curve of C and NC; (B) Tissue distribution of C and NC (*p < 0.05) after 14 days' administration of C or NC by gavage (n=6).

*Indicates significant differences at probability level of p <0.05.
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Figure 3 Changes in TNF-a (A), IL-1B (B), and IL-6 (C) levels in cerebral ischemia rats administered with NC and C by gavage for 14 days before induction of BCCAO (n
=6). *Fkp <0,0001, *¥p <0001, **p <0.01. **P<0.01. * and *showed significant differences at p< 0.05 and p <0.0| probability level, respectively between the pre-treated

stroke rats group with 80 mg/kg nanomicelle curcumin compared with the stroke group.

seen in rats with cerebral I/R injury in stroke. However,
the inhibitory effect of NC on the expression of this
protein was evident and downregulation in the expression
of NF-kB protein was observed in pre-treated rats with NC
at the dose of 80mg/kg, and this effect was more severe
than in pre-treated rats with free C (Figure 4). Thus, the
anti-inflammatory effects of the NC formulation may be
due to the reduced expression of the NF-kB protein.

Effects of NC on Lipid Peroxidation in

Ischemic Brains

Lipid peroxidation was significantly increased in rats with
cerebral ischemia, indicating severe damage to brain cell
membranes. However, NC 80mg/kg decreased MDA pro-
duction significantly, indicating the inhibitory effects of

NC on lipid peroxidation (Figure 5). It appears that the
nanomicelle formulation of C has a strong lipid peroxida-
tion inhibition effect compared to free ones.

Results of Histopathological Study of the

Brain

Pathological examination of the brain in rats with cerebral
ischemia showed that neuronal damage and vasculature in
the cerebral cortex tissue have occurred to a large extent
and pyknotic and necrotic neurons were also seen.
However, neuronal damage and degeneration occurred less
frequently in the brains of rats pre-treated with NC as well
as free C. Decreased neuronal degradation was more evi-
dent in rats pre-treated with 80mg/kg NC, indicating the
protective effects of C in cerebral ischemia (Figure 6).
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Figure 4 Changes in NF-kB expression levels in rats treated with NC and C (n=6).
#¥p <0.001. ## and # showed significant differences at p <0.01 and p <0. 05
probability levels, respectively, between the pre-treated stroke rats’ group with NC
and 80 mg/kg C compared with the stroke group (n=6).
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Figure 5 Malondialdehyde (MDA) production in cerebral ischemia rats treated with
NC and C (n = 6). **p <0. 0l = significant difference compared with the control
group; ##p <0. 01 = significant difference compared with stroke group; &p <0. 05 =
significant difference between the pretreatment groups with 80mg/kg NC com-
pared with 80 mg/kg C;. $p <0. 05 = significant differences between the pre-
treatment groups with 80mg/kg NC compared to the group receiving 40mg/kg
NC (n=6).

Discussion

The present study showed a positive effect of triblock
copolymer nanomicelles loaded with curcumin on redu-
cing cerebral ischemia/reperfusion injury due to anti-
inflammatory effects, and these effects were due to the
downregulation of cytokine levels involved in the inflam-
matory signal transduction pathway including I1-1B, IL-6,

TNF-0, and NF-xkB. Reduction of lipid peroxidation was
also observed with the administration of NC, which indi-
cates a reduction in damage to neuronal cell membranes.

Curcumin is a compound with antioxidant and anti-
inflammatory properties.”® However, its bioavailability
and limited distribution in tissues?® have made its clinical
application very limited.

The fine morphology of triblock copolymers can be
exploited to provide the stimulated release of drugs/small
molecules from polymer nanostructures (22). In the pre-
sent study, well-defined amphiphilic triblock PLA-PEG-
PLA copolymers were synthesized. It can be deduced that
triblock PLA-PEG-PLA copolymers of polymers resulted
in the synthesis of a nanomicelle with spherical-shaped
morphology, high biocompatibility, and bioavailability,
and sustained drug release. Indeed, the application of
PEG and PLA-based copolymers results in unique drug
release properties as well as controllable biodegradability,
excellent biocompatibility. The presence of PEG on the
surface of nanomicelles, in addition to facilitation of water
adsorption into the inner part of the matrix and corre-
sponding release of encapsulated drug, results in excellent
biocompatibility and inhibits the immune system response
and fast elimination of nanomicelles. Also, PLA, as the
inner part of the micelle, prevents the permeation of
destructive substances of the drug into the micelles.

In the present study, it was shown that the NC form
increases C distribution in plasma and tissues including the
brain, kidneys, and heart. It was also shown that NC
improves C absorption. Studies have shown that solubility,
permeability to plasma membranes and intestinal mucosa,
and the efflux transporter are important factors that affect
the absorption process. It seems that reducing the particle
size to the nano scale can increase its adsorption and
transfer.***! Therefore, the increase in plasma NC concen-
tration compared to C can be attributed to the increased
NC uptake in the intestine. Also, as NC plasma concentra-
tion decreased, the NC content in tissues increased and it
was shown that the distribution of NC in tissues is higher
than C. It has been shown that C can be metabolized in the
kidney by the p-glucuronidase and sulfatase enzymes.**~>
Therefore, complete clearance from plasma 72 h after the
last dose of NC and C in the present study indicates
complete urinary C and NC excretion.

Other studies have reported that C inhibited lipid
peroxidation,>* NF-kB expression,”> TNF-a production,
and pro-inflammatory interleukins,®® which is in line with
the current research findings. Cerebral ischemia through
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Figure 6 Light microscope images taken from the cross-sections of the hippocampal CAl region (magnification 400x) (n=>5).

oxidative stress and inflammation leads to tissue damage,’’

and due to the known antioxidant and anti-inflammatory
effects of C, it may reduce the rate of tissue damage.
Therefore, the reduction in tissue damage due to cerebral 1/
R in rats receiving NC may be due to the antioxidant and anti-
inflammatory properties of C. In the present study, down-
regulation of pro-inflammatory cytokines such as I1-1p, IL-6,
and TNF-a was observed in rats with cerebral I/R injury in

https://doi.org/10.2147/1)N.S300379

3180

DovePress

stroke, which is consistent with the findings of other
studies.>®>° However, the results showed that the nanomi-
celles' formulation of C in a dose-dependent manner has the
ability to downregulate the expression of these pro-
inflammatory cytokines. The inflammatory response after
cerebral ischemia has been shown to have severe effects on
neurons*’ and oxidative stress in cerebral ischemia is asso-
ciated with an inflammatory response.*' As noted, ischemic
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brain injury is associated with the accumulation of free
radicals that cause severe expression of pro-inflammatory
cytokines and worsen oxidative conditions in the brain.**
Among these, one of the most important proteins involved
in regulating the inflammatory response is NF-xB. The role
of this protein in the inflammatory response to ischemic brain
injury has been reported*® and it has also been noted that NF-
kB regulates the expression of inflammatory cytokines such
as TNF-q, IL-1B, and IL-6.*** In the present study, an
upregulation in NF-kB protein expression and levels of
TNF-a, IL-1B, and IL-6 were observed after cerebral I/R
injury in stroke. However, the expression of all these factors
involved in downregulation of inflammation in the brains of
rats pre-treated with NC indicates a severe reduction in
inflammation due to anti-inflammation effects of NC. TNF-
o plays an important role in inflammatory diseases by stimu-
lating the production of NF-xB and worsening cerebral I/R
injury in stroke*® and can increase damage to the blood—brain
barrier and cause cerebral edema through vascular perme-
ability
accumulation.’’ In the present study, the results of the

augmentation, and increase glutamic acid
ELISA assay showed downregulation of TNF-a level pre-
treated rats by NC. Therefore, it can be concluded that the
neuroprotection of NC is regulated by altering the expression
of the NF-kB/TNF-a signaling pathway and thus shows its
anti-inflammatory effects.

Oxidative damage in cerebral ischemia has been
849 and it has been stated that

radicals

reported by researchers
the accumulation of free leads to lipid
peroxidation.’® MDA is a toxic compound resulting from
the peroxidation of plasma membrane lipids that have been
used as a sensitive marker for cell damage.’’ In the present
study, levels of MDA were significantly elevated in rats
with cerebral I/R injury in stroke, but NC in a dose-
dependent manner was able to reduce MDA production
and prevent its toxicity. Therefore, the reduction of oxida-
tive stress may be part of the protective mechanism of NC
in rats with cerebral I/R injury in stroke.

One of the strengths of the present study is the demon-
stration of the protective effects of NC on cerebral I/R
injury. Also, the mechanism of protective effects of NC on
cerebral I/R injury was studied. However, the current
study had some limitations. The dose-dependent effects
of NC on cerebral I/R injury require further studies. The
present study was performed in vivo, therefore it seems
that, in the future, it is necessary to evaluate the effect of
NC on patients with stroke in clinical conditions. More
research is needed in this area.

Conclusion

According to the results obtained in this study, it can be
concluded that NC can play a neuroprotective role in rats
with cerebral ischemia/reperfusion injury in stroke through
its antioxidant and anti-inflammatory effects. The molecular
mechanism of these effects was attributed to the downregula-
tion of expression of the NF-xB signaling pathway.
Therefore, NC can be considered a promising and potential
agent for the treatment of cerebral ischemia in the future.
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