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ABSTRACT

Background: This study evaluated the effects of zein nanoparticles with resveratrol on neuroinflammation caused
by Alzheimer’s disease. Method: The sample consisted of 30 animals divided into control (C), positive control (CP),
white nanoparticles (NB), resveratrol nanoparticles (NR) and resveratrol (R) groups. The animals received 10 mg/kg
of resveratrol or nanoparticles according to the group, daily, for 15 days, oral administration. Afterward, they were
submitted to immunohistochemical (IHC) analyses. Results: the IHC showed that there was no change in the
morphological brain composition in the NR and C groups. Conversely, in the CP, NB, and R groups, changes in
the deposition of Anti Tau were observed. The NR group showed a normal projection of taurine in the axon, which
was not presented in the same way in the other groups. The CD68 marker showed no microglial activation in the
R and C groups. Quantitative analyses of Anti Beta-Amyloid in the NR group showed a statistical difference com-
pared to the CP, NB, and R groups, whereas the Anti Tau analysis showed a significant difference between the CP
and NR groups. The CD68 marker showed a significant difference between the C and NR groups. The analysis of cy-
tokines showed a significant difference in TNF-a between the C and CP groups, C and NB groups, CP and NR groups,
and NB and NR groups. IL-6 and InF-8 showed no significant difference between all groups. IL-10 showed significant
differences between the C and NR groups, C and R groups, and CP and NR groups. Conclusion: NR prevented the
evolution of neuroinflammation.
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RESUMO

Introdugdo: Este estudo avaliou os efeitos das nanoparticulas de zeina com resveratrol na neuroinflamacgdo causada
pela doencga de Alzheimer. Método: A amostra consistiu em 30 animais divididos em grupos de controle (C), con-
trole positivo (CP), nanoparticulas brancas (NB), nanoparticulas de resveratrol (NR) e resveratrol (R). Os animais
receberam 10 mg/kg de resveratrol ou nanoparticulas de acordo com o grupo, diariamente, por 15 dias, por via
oral. Em seguida, foram submetidos a analises imuno-histoquimicas (IHC). Resultados: A IHC mostrou que nédo
houve alteragdo na composicdo morfoldgica do cérebro nos grupos NR e C. Por outro lado, nos grupos CP, NB e
R, foram observadas alteracdes na deposicao de Anti Tau. O grupo NR mostrou uma projecdo normal de taurina
no axonio, que ndo se apresentou da mesma forma nos outros grupos. O marcador CD68 ndo mostrou ativagao
microglial nos grupos R e C. As analises quantitativas do antibeta-amiloide no grupo NR mostraram uma diferenca
estatistica quando comparadas aos grupos CP, NB e R, enquanto a analise do antitau mostrou uma diferenga sig-
nificativa entre os grupos CP e NR. O marcador CD68 mostrou uma diferenga significativa entre os grupos C e NR.
A analise das citocinas mostrou uma diferenca significativa no TNF-a entre os grupos C e CP, C e NB, CP e NR, e NB
e NR. IL-6 e InF-0 ndo apresentaram diferenca significativa entre todos os grupos. A IL-10 apresentou diferencas
significativas entre os grupos C e NR, C e R, e CP e NR. Conclusao: A NR impediu a evolugdao da neuroinflamacao.
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Neuroinflammation after treatment with resveratrol

INTRODUCTION

Neuroinflammation is reported in several
observational and epidemiological studies to be
the pathophysiology of Alzheimer’s Disease (AD).
Brain inflammation has several harmful effects
that can be seen in the acute phase when inflam-
mation is a well-established defense mechanism
against infectious processes, injuries, and toxins.
When the chronic inflammatory process is found,
it is attributed to the activation of microglia and
the release of cytokines that are found in AD!.

AD was discovered and studied by the Ger-
man psychiatrist Alois Alzheimer in 1906 and
predicted to be a major cause of dementia. Oth-
er reported symptoms included failure in recent
memory, paranoia, behavioral and language prob-
lems, and the presence of an atrophic brain that
showed signs of B-amyloid protein (AB) deposition
and neurofibrillary tangles of tau protein, charac-
terizing senile plaques?. This disease is currently
linked to environmental and genetic factors3.

AD can also be associated, in rare cases,
with chromosome 21 trisomy and can manifest
at a younger age, in these cases around 30 years
old*. In addition to being a disease directly linked
to neurodegeneration and decreased cognition,
other manifestations, such as language difficul-
ties, memory loss, particularities in facial and
name recognition, emotional instability, loss of
judgment, and perceived personality changes
are observed*.

Thus, over the past few years, AD has been
investigated as a neurodegenerative dysfunction,
leading to a more causal picture of dementia in
the elderly population. AD causes progressive
changes in brain tissue, causing loss of synapses,
injury, and neuronal death in which the hippo-
campus is the first area to be injured®.

The preventive and curative treatments for
this disease can increase the chances of longer life
expectancy in the affected population. According
to the clinical protocol and therapeutic guidelines
for Alzheimer’s Disease of the Brazilian Ministry
of Health, an assessment with laboratory tests,
imaging tests, scales, and questionnaires can
evaluate signs and symptoms that lead to treat-
ment that must be multidisciplinary. The goal of
drug treatment is to provide the stabilization of

impairment over cognitive capabilities, daily ac-
tivities, and behavior, reducing adverse effects®.

The Brazilian Unified Health System (SUS)
guarantees access to medicines as part of an ad-
equate health policy; the commitment to an ad-
equate and free supply of medicines, including
those with high cost, and the Exceptional Medi-
cines Program includes provisions for the popula-
tion affected by AD’.

The use of drugs with multifunctional ac-
tions correlated with biological activities in AD is
seen as a viable approach to an ideal solution in
the pathogenesis of the disease 8.

Resveratrol is one of these drugs that have
been investigated for the prevention and treat-
ment of AD. It occurs in two isomeric forms -
trans-resveratrol and cis-resveratrol - with di-
hydro-resveratrol being a metabolite of cis and
trans-resveratrol with different molecular weights.
The predominant and bioactive form that exhibits
a broad pharmacological spectrum is trans-res-
veratrol, which has multiple functions, including
reducing AB, scavenging free radicals, and inhib-
iting the activities of fibrillar aggregation. In ad-
dition, this polyphenol, which occurs naturally in
grapes and red wine, promotes benefits against
neurodegeneration due to its anti-inflammatory
and antioxidant characteristics®.

This study evaluated the effects of zein/
chitosan nanoparticles containing resveratrol in
an experimental model of neuroinflammation.
The effect of resveratrol and resveratrol-load-
ed nanoparticles on the deposition of B-amy-
loid was evaluated. The immunohistochemistry
quantitative analyses of anti-B-amyloid, anti-Tau,
and CD68 induction by B-amyloid1-42 were per-
formed. The evaluation of pro-inflammatory (IL-6,
TnF-a and InF-0) and anti-inflammatory cytokines
(IL-10) was conducted through flow cytometry in
the neuroinflammation process induced by the
B-amyloid toxin.

MATERIAL AND METHODS
Materials

Resveratrol was purchased from VicoFar-
ma (Guarapuava, Brazil). Chitosan low molecular
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weight (50,000-190,000 Da) (75-85% deacetylat-
ed), sodium caseinate, zein (99%) were purchased
from Sigma-Aldrich (Missouri, USA). Absolute
ethanol and dibasic sodium phosphate were pur-
chased from Biotec (Lages, Brazil).

Sample

The sample contained 30 Rattus norvegi-
cus Wistar strain males weighing 200-250 grams.
Four animals were kept in each cage made of un-
breakable and washable acrylic. All animals re-
ceived feed and water ad libitum and were kept
in @ room under a 12-hour light/dark cycle (from
7 am to 7 pm) and a controlled temperature of
23x1 °C. The experiment was approved by each
of the Ethics Committee on the Use of Animals
(CEUA) of Universidade Estadual do Centro-Oeste
under protocol number 031/2019.

Experimental group
The animals were divided into five groups:

Control group (C): Consisting of 6 an-
imals used for the evaluation of nor-
mal tissues.

Positive control group (CP): Consisting
of 6 animals with lesions in the CA1l
area caused by Beta Amyloid1-42 and
without treatment; euthanasia and ma-
terial collection occurred on the thirti-
eth day after injury.

Experimental group - White Nanoparti-
cle (NB): Consisting of 6 animals with
a lesion in the CA1 area by Beta Amy-
loid1-42 and treated with 50 mg/kg of
White Nanoparticles dissolved in 0.9%
saline by gavage for 15 days; euthana-
sia and material collection occurred on
the thirtieth day after injury.
Experimental group - Resveratrol (R):
Consisting of 6 animals with lesions in
the CA1 area by Beta Amyloid1-42 and
treated with 50 mg/kg of resveratrol
dissolved in 0.9% saline by gavage
for 15 days; euthanasia and material
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collection occurred on the thirtieth day
after injury.

Experimental group - Resveratrol
Nanoparticles (NR): Consisting of 6
animals with lesions in the CAl area
by Beta Amyloid1-42 and treated with
resveratrol nanoparticles at a concen-
tration of 50 mg/kg, dissolved in 0.9%
saline by gavage for 15 days; eutha-
nasia and material collection occurred
on the thirtieth day after injury.

Preparation AB1-42

One milligram of B-amyloid peptide (Sig-
ma-Aldrich) was dissolved in filtered Milli-Q water
(0.2 pM) and stored at -20 °C as the stock solu-
tion. Aliquots of the stock solution were thawed
and kept at 37 °C for 72 hours to obtain the pep-
tide in its fibrillated state3.

Preparation of resveratrol-loaded zein/
chitosan nanoparticles

Zein nanoparticles were obtained by the lig-
uid-liquid dispersion method described by Zhong
and Jim1%, Briefly, zein and resveratrol (6:1, w/w)
were dissolved in 3 ml of an ethanol/water mix-
ture (85:15, v/v) and kept under magnetic stir-
ring (600 rpm) at room temperature for 1 h.
The nanoparticles were produced by the dropwise
addition of the ethanolic phase in an aqueous
phase containing 2% sodium caseinate used as
a stabilizer.

The mixture was kept under agitation
(600 rpm) for 2 h. Subsequently, the nanoparti-
cles were ultracentrifuged at 25151g and 25 °C
for 20 min (Z36HK, HermleWehingen, BH, Ger-
many). The supernatant was reserved for the
quantitative analysis of unencapsulated resvera-
trol, according to the HPLC methodology of Pauluk
et al.'*. The precipitate was resuspended in 1 mL
of 0.25% chitosan solution and transferred to a
shaking incubator for 1 h at 200 rpm and room
temperature. The nanoparticle dispersion was ul-
tracentrifuged for 20 min at 25 °C and 25151g,
and the resulting precipitate was suspended in
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water. Unloaded nanoparticles were prepared
as described above, except for the addition
of resveratrol.

The mean diameter and polydispersion in-
dex (PDI) of the nanoparticles were determined
by the dynamic light scattering (DLS) technique
(BIC 90 Plus, Brookhaven Instruments Corp.,
Holtsville, NY, USA). The nanoparticles were dis-
persed in ultrapure water and placed in a cuvette
for analysis. All measurements were performed
with a scattering angle of 90° at 25 °C and a laser
wavelength of 659 nm.

For zeta potential determination, samples
were diluted in 1 mM KCI solution and placed in
an electrophoretic cell at 25 °C under a potential
of £ 150 mV (ZetaSizer ZS, Malvern, UK). Mea-
surements were taken in triplicate and expressed
as mean * standard deviation.

Experimental surgery

The animals were anesthetized intraperito-
neally with a solution of 80 mg/kg of Ketamine Hy-
drochloride (Ketamine, 10 ml bottle) and 15 mg/kg
of Xylazine Hydrochloride (Dopaser, 10 ml bottle)
and taken to a stereotaxic apparatus (David Kopf,
USA) where their heads were fixed by the tempo-
ral rock and upper incisors. They were positioned
according to the AP coordinates of -3.0 mm,
ML= 1.6 mmand -1.6 mm, and DV = 3.0 mm,
and lateral-lateral inclination = 0°, respectively,
and taking the bregma as the reference, with the
lambdoid and bregmatic sutures in the same hor-
izontal plane.

The Beta-Amyloid toxin 1-42 (Sigma-Al-
drich) was injected in the volume of 4 pL in the
hippocampal region of CA1 for 10 minutes.

After induction with the beta-Amyloid toxin,
the animals rested for 30 days to allow inflam-
matory and neurodegenerative processes of the
hippocampal neurons to occur.

Post-surgical analgesia

Tramadol hydrochloride was used at 10 mg/
kg, every 12 hours orally and for seven days for
postsurgical analgesia.

Treatment

All groups received the treatment by ga-
vage of 0.5 ml with 10 mg of R and RN, and the
UN group received empty particles for 15 days
and after fasting for 12 hours overnight. The oral
application was carefully performed always at
the same time in the morning. After this process,
the animals fasted for four hours, with water in-
take returning to normal feeding thereafter.

Euthanasia

Theanimalswereanesthetized with 80 mg/kg
of Ketamine and 15 mg/kg of Xylazine. After check-
ing the anesthetic status, they received 175 mg/kg
of Pentobarbital intraperitoneally.

Decapitation

Decapitation and subsequent removal of
the brain were performed after euthanasia; the
lateral ventricular region and hippocampus were
placed in 15% formalin, maintained for seven
days, and taken to the pathology laboratory.

Immunohistochemical analysis

Slides were produced as described for the
histological analysis; however, containing two
sections per slide per experimental group. Ther-
mal dewaxing was carried out for 16 hours in an
oven at 60 °C. Subsequently, chemical dewaxing
was performed utilizing two immersion baths in
Xylol P, for 10’ each bath, and an immersion bath
in 70° alcohol for another 10’. After one water
bath, the slides were immersed in a sodium ci-
trate solution in a closed container and placed in
a water bath for 30’ for antigen recovery.

Field marking was performed as described
by Panis et al.'?; the sections were delimited with
a Dako Pen® hydrophobic pen and the endog-
enous peroxidase was blocked in a 10% hydro-
gen peroxide solution for 30 minutes, followed
by nonspecific binding blocking by incubation in
0.1% fetal serum for 1 hour.

https://www.revistas.usp.br/rmrp
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Subsequently, the sections were incubated
with the primary antibodies (Santa Cruz Biotech),
Anti Amyloid Beta (1: 300), Anti CD68, and An-
ti-Tau (1: 300) in @ humid chamber at 4 °C for 2
hours. After incubation, the slides were subjected
to 3 baths (5 minutes each) in PBS, incubated
with the secondary antibody, and kept for 15 min-
utes. Sections were washed with PBS in one jet,
and three more washes with PBS drops.

The labeling was revealed by incubation
with 3,30-diaminobenzidine (DAB) for 15 min-
utes, followed by two washes with PBS, the firstin
a jet and the second in a drop. In the last stage,
the sections were lightly counterstained with
Harry’s Hematoxylin (Merck) for 30 seconds and
rinsed under running water.

Subsequently, the sections were incubated
in 70° alcohol for 5" in an immersion bath and
incubated in 95° alcohol for 5’ in an immersion
bath. They were incubated in Xylol for 5’ and in-
cubated again in Xylol for 10’. After draining all
the remaining liquid, the slides were mounted
with Canadian balm and coverslips.

For each test, negative controls were pre-
pared in serial sections. The intensity and location
of immunoreactivity with all primary antibodies
used were examined throughout the content of
the slide using an optical microscope. As a neg-
ative control, the primary antibody was omitted.
For the image analysis study, color photomicro-
graphs of representative areas (400x magnifica-
tion) were digitally acquired. For the semiquanti-
tative score, the images with a total of 10 images
for each cut of each animal were evaluated by
means of the color deconvolution tool in Image
J software (NIH, USA). Pixels were categorized
as previously described by Chatterjee et al.!3, as
strong positive (3+), positive (2+), weak positive
(1+4), and negative (0).

Flow Cytometry

Two mL of blood was collected from each
animal and subsequently centrifuged at 1500 rpm
for 10 min at room temperature. After centrifuga-
tion, the supernatant (serum) was pipetted and
separated for analysis. The BD™ Cytometric Bead
Array Mouse Inflammation Cytokine Kit (Becton
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Dickinson, USA) was used for the analysis of cy-
tokines (TNF; INF-y; IL-6; and IL-10).

Following the manufacturer’s instructions
and analysis in the BD™ Accuri C6 Flow Cytom-
eter (Becton Dickinson, USA), 10uL of each re-
agent was added to each sample. After this pro-
cedure, 50 pyL of cytokine beads, 50 pL of each
sample (serum), and 50 pyL of detection reagent
were placed in a 1.5 mL Eppendorf tube; the
tubes were placed in the dark for 2 hours at room
temperature. After two hours, 1 mL of wash buf-
fer was added to each tube and centrifuged at
200 g and 4 °C for 5 minutes. The supernatant
was carefully removed and discarded from each
sample, and 300 pL of wash buffer was added to
resuspend the sample.

The reading was performed manually by
acquiring 10,000 events from each sample. Flow
cytometry data were analyzed using the FCap 3.0
Array software (Becton Dickinson, USA), and the
results were plotted in graphs of means and stan-
dard deviations of the mean.

Statistical Analysis

The data obtained were arranged in spread-
sheets and analyzed using the Prism 7.0 software.
The Shapiro-Wilk test was used for the normal
distribution analysis. After analyzing the values in
the spreadsheets, they obtained a nonnormal dis-
tribution using the Kruskal-Wallis test with Dunn’s
post-test.

RESULTS

The results of the main characteristics of
nanoparticles are shown in Table 1. Nanoparti-
cles presented means size about 200 nm. Several
factors can influence the particle size, including
formulation components (surfactant, drug char-
acteristics) and production techniques (tempera-
ture, time, and equipment)# 15,

The polydispersion index (PDI) is a useful
parameter to measure homogeneity in the dis-
tribution of diameters of all particles present in
the formulation. A PDI of zero and less than 0.3
is considered ideal for a monodisperse system of
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polydisperse systems!®. The value found for the
nanoparticles means that the formulation present-
ed itself as a monodisperse system. The zeta po-
tential provides the index of the magnitude of the
electrostatic repulsion of particles. Itis a parameter

Table 1
Characteristics of resveratrol-loaded zein/chitosan na-
noparticles.

Characteristics Results (Average + SD)

Particle Size (nm) 206.8 £ 4.7
Polydispersity index (PDI) 0.172 £ 0.16

Zeta potential (mV) +30.00 + 0.33
Encapsulation Efficiency % 59.62 + 7.31
Characteristics Results (Average + SD)
Particle Size (nm) 206.8 £ 4.7
Polydispersity index (PDI) 0.172 £ 0.16

Zeta potential (mV) +30.00 £ 0.33
Encapsulation Efficiency % 59.62 £ 7.31

SD = Standard Deviation (n = 10)

used to determine the physical stability of colloi-
dal systems by measuring the electrical charge on
the particle surface!’. The results of zeta potential
suggest high colloidal stability. Finally, the encap-
sulation efficiency revealed that > 50% of resvera-
trol could interact with zein in nanoparticles.

The qualitative analysis of immunostaining
for the Anti-Beta Amyloid peptide revealed light
deposition of AB around the cell body of neu-
rons in the resveratrol group (Figure 1). Moder-
ate deposition of AB was observed in the white
nanoparticles group (UN). Deposition of AB in the
CA1l region around the neuron and endothelial
proliferation was observed in the positive control
group (PC) (Figure 1).

The quantification of beta-amyloid labeling
levels was also performed. Figure 2 shows a rep-
resentative image of the quantification obtained
for the presence of AB in all groups. The PC and R
groups showed statistically significant differences
(p<0.005) compared to the RN.

Figure 1: Immunohistochemical analysis of the Anti-B-amyloid marker (4x magnification in the left column). No morphological
alterations in the RN group; deposition of Beta-amyloid in the region of CA1 was observed in the PC group; the presence of
Beta-Amyloid was observed in the NB group, with the presence of Beta-Amyloid around neurons.
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Figure 2: Quantitative analysis of the Anti-Beta-Amyloid
marker in groups C and PC showed statistically significant
differences (p=0.0001); similarly between the PC and RN
groups (p=0.0036).

Lima MMSV, Cordeiro MER, Kerppers FK, Bragnholo K, Cunha LF, et al

The quantification of beta-amyloid labeling
levels was evaluated using Anti-Tau (Figure 3), which
can be seen in the brown coloration of the axons of
the hippocampus region in the C group with depo-
sition in the region of CA1 and the supra-pyramidal
lamina. Traces of Tau protein around the axons and
around the cell body of neurons were also observed
in the UN group. In the RN group, the Tau protein
was usually deposited on the axon projection; how-
ever, noting that it is around the cell body in some
neurons and does not modify the cell structure. Mor-
phological changes in the nuclei of neurons were re-
vealed in the group treated only with resveratrol;
many of these neurons did not show a nucleus.

The quantification of the Tau protein label-
ing levels was observed (Figure 4). The labeling
levels were similar between groups C and RN
(0.4£0.51 and 0.6+0.51) with a coefficient of
variation of 129.1% and 86.07%. The statisti-
cal analysis of quantification values showed that

Figure 3: Protein immunohistochemical analysis of Tau (at 4x magnification on the left column and 40x on the right column).
According to the demarcations in the PC, UN, R, and RN groups, the deposition can be seen as normal taurine deposition
in the RN group, and different in the PC group, being noticed around the neuronal body. In the R group, modifications in the

nucleus of neurons are observed.

Medicina (Ribeirdo) 2023;56(4):e-207173
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Figure 4: The quantitative analysis of Anti-Tau showed a sig-
nificant difference between the C and RN groups (p=0.0001)
and between the PC and R groups (p=0.0074)

there is a statistical difference between the C and
RN groups (p=0.0001) and between the C and R
groups (p=0.0074).

The immunohistochemistry analysis of
CD68, microglia biomarkers, and defense cells
(brain macrophages) is shown in Figure 5. No mi-
croglial activation was observed in group C and
RN, while activation was observed in group PC.
Conversely, the immunostaining in group R re-
vealed activation of microglia, which indicates the
presence of an inflammatory process.

Figure 6 shows the evaluation of microg-
lia activation observed in groups C, UN, and R,
with mean values of 1.4+0.51, 1.4+0.51, and
1£0.66, and no statistical differences between
these groups. A statistically significant differ-
ence was observed between the C and RN groups
(p=0.0014) and C and R (p=0.0317) groups.

Figure 5: Immunohistochemical analysis of CD68 (with 40x magnification on the left column). No microglia activation was
observed in group NR; however, an increase in microglia activation leading to a weighted inflammatory processed is observed

in the UN, PC, and R groups.

https://www.revistas.usp.br/rmrp
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The concentrations of TNF-Alpha, INF-Gam-
ma, IL-10, and IL-6 were evaluated in the C, PC,
UN, R, and RN groups. Graph 4 shows the TNF-AI-
pha concentration with a mean and standard de-
viation of 9.06£2.48 in the PC group; 8.72+1.97
in the R group; 5.15+0.27 in the RN group, and
4.76%+1.08 in the C group. A significant statistical
difference was observed between the C and PC

Lima MMSV, Cordeiro MER, Kerppers FK, Bragnholo K, Cunha LF, et al

groups, C and UN groups, PC and RN group, and
UN and RN groups, as shown in Figure 7.

Figure 8 shows the INF-6 observed con-
centration values with means and standard de-
viation of 3.25%+1.54 in the CP group, 5.31£1.35
in the NB group, 6.05+1.79 in the R group, and
7.50£1.53 in the NR group. The statistical anal-
ysis showed no significant differences between
groups. However, there was a 27% increase in
R compared to C, a 15% increase in NR com-
pared to C, and a 10% in R compared to NR; in

Figure 6: Quantitative analysis of CD68; a significant diffe-
rence was observed between groups C and RN (p =0.0014)
and between groups C and R (p=0.0317).

Figure 7: Representation of means between groups showing
significant differences among all groups.

Medicina (Ribeirdo) 2023;56(4):e-207173

Figure 8: No statistically significant difference was observed
between groups C, PC, UN, R, and RN.

this perspective, the NR group was similar to the
C group.

Figure 9 shows that the levels of IL-10 indi-
cate significantly different results between groups
PC and RN (p=0.0169). The mean values of IL-10
in the NR group were 7.50 pg/ml.

Figure 10 shows the evaluated levels of IL-6
with a significant difference between the RN and R
groups (p=0.0234). The mean values of IL-6 in the
PC, UN, R, and RN groups were 5.27 pg/ml, 4.71
pg/ml, 5.09 pg/ml, and 3.23 pg/ml, respectively.

DISCUSSION

AD involves several complications and alter-
ations that may be irreversible, as reported in the
study by Beckes et al.*®. Hence, the exploration of
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Figure 9: Representation of the means of comparison betwe-
en the RN and R groups.

interactions and interrelationships that can pro-
mote and recover the health of the individual who
is in this situation is relevant. ILHA et al.*® high-
lighted the importance of using artifacts to pro-
mote improvement in quality of life, socialization,
acceptance, and capacity for activities of daily liv-
ing for AD patients.

AD is a degenerative disease that causes
progressive damage to brain tissue, which leads
to loss of synapses, damage, and neuronal death.
Silva et al. ?° believe in the consensus knowledge
of an accumulation of amyloid plaques in these
patients’ brains, which is in agreement with the
results of the present study, showing the accumu-
lation of amyloid plaques in the untreated groups
and significant differences in the group treated
with resveratrol nanoparticles.

The amyloid precursor protein (PPA) is a
membrane protein with the main function of allow-
ing the plasticity of synapses, acting in the pro-
cess of building memory, reasoning, and thinking.
However, PPA can undergo cleavage processes by
the B-secretase enzyme and the Y-secretase en-
zyme (5).

In this study, AB1-42 fragments were in-
fused in the hippocampal region of CAl. A greater
formation of AR was observed in the NB and CP

10

Figure 10: Representation of the mean between the R and
RN groups.

groups together with neuronal death. If the pep-
tide accumulates in the extracellular region of the
diseased brain, it ends up forming senile plaques,
leading to neuronal loss and brain atrophy, which
can be found in these groups (NB and CP).

Studies by Capirala et al.?* and Zhong?° re-
ported that resveratrol significantly reduces the
production of pro-inflammatory cytokines (IL-1
and TNF) induced by lipopolysaccharide (LPS) or
AB in microglia.

In this study, it was possible to observe
that the deposition of AR in the R group occurred
mildly while no deposition or microglia activation
was observed in the NR group. These findings are
similar to those described by Capirala et al.?! and
Zhongt°.

Hambardzumyan et al.?? reported that in
addition to the significant roles of resveratrol
as an antioxidant and anti-inflammatory, there
is evidence to suggest that it also facilitates the
non-amyloidogenic breakdown of the amyloid
precursor protein (PPA), which may have resulted
in the observed non-deposition of AB in our study.

According to Mehrabadi and Sadr?3, microg-
lia activation releases pro-inflammatory cytokines
such as IL1B, IFN-&, and TNF-a. Thus, in the pres-
ent study, the production of TNF-a was lower in
the RN group than in the PC group.

Many studies report the activation of mi-
croglia and proinflammatory cytokines in AD
as important in neuroinflammation and neuro-
degeneration. Our analysis of IL10 shows that
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there was a significant statistical difference be-
tween the PC and RN groups, demonstrating that
the nanoparticles containing resveratrol can be
effective in combating neuroinflammation and
neurodegeneration.

The studies of Salem et al.?* using trans-
ferosomal nanoemulsions with resveratrol to
evaluate the brain targeting system on memory
showed permeation results of up to 81.29% =%
2.64%, which they claim as a great option for
treatment. However, in this study, the quantifi-
cation of nanoparticles containing resveratrol in
the brains of animals was not conducted. Never-
theless, our analyses show that the nanoparticles
containing resveratrol achieved encephalic reach,
hence preventing the appearance of senile plaque
and microglia activation.

Several mechanisms have been described
as involved in the causation of AD, such as ge-
netic, epigenetic, metabolic factors, inflammato-
ry reactions, mitochondrial pathogenic cascade,
oxidative stress, plasma and brain proteins,
brain-derived neurotrophic factor (brain-derived
neurotrophic factor-BDNF), estrogen deficiencies,
and environmental factors.

CONCLUSION

The present study reveals the benefits of
resveratrol nanoparticles in the inhibition of Be-
ta-Amyloid deposition in neuroinflammation pro-
cesses in an experimental model induced by Beta
Amyloid1-42.

LIMITATION OF THE STUDY

Because the present study was carried out
in a public teaching institution, the lack of financial
support resulted in difficulties in the performance
of the studies in some of the research sectors.

HUMAN AND ANIMAL RIGHTS

Animals were used for the studies that
are the basis of this research (protocol number
031/2019).
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