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Quercitrin improved cognitive impairment through inhibiting
inflammation induced by microglia in Alzheimer’s

disease mice

Lixin Wang®®, Jinxia Sun®", Zhulei Miao®®, Xin Jiang®®,

Yuejuan Zheng®® and Guizhen Yang®®

Objective Diets rich in quercitrin show a
neuroprotective effect, but the mechanism is not very
clear at present. The objective of this study is to explore
the effect and mechanism of quercitrin in the treatment of
alzheimer’s disease (AD).

Methods 5XFAD transgenic mice were fed with a

diet supplemented with quercitrin for three consecutive
months. Behavioral experiments were conducted to
assess the cognitive ability, luminex liquid chip technology
was used to assess the production of proinflammatory
cytokines and immunohistochemistry was used to
elucidate the activation of microglia.

Results Quercitrin increased the frequency in exploring
new objects, shortened the escape latency and increased
the frequency crossing the platform in AD model mice.
Quercitrin inhibited the activation and proliferation

of microglia, inhibited the secretion of inflammatory
cytokines and chemokines and reduced the accumulation
of amyloid-f} plaques in AD model mice.

Introduction

Alzheimer’s disease (AD) is a neurodegenerative disease
characterized by a marked deposition of amyloid-f (AR)
plaques and progressive cognitive impairment. With the
aging of society, the number of AD patients is increasing.
By the middle of the 21st century, the number of people
aged 65 and older with AD may grow to 13.8 million in
USA, which brings a heavy economic and medical burden
to the society [1]. Inflammatory responses are important
mechanism in AD development. Both current and future
potential treatments are based on the regulation of these
pathways. Despite the significant public health issues
that AD poses, only five medical treatments have been
approved for this disease. Currently available drugs include
glutamate and N-methyl-D-aspartic acid receptor antag-
onists, antioxidants and cholinesterase inhibitors, which
act to control symptoms rather than to alter the course of
AD [2]. There are many herbs with characteristics of mul-
tiple targets and fewer adverse effects than drugs currently
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available for AD [3]. Neuroinflammation is a secondary
response caused by initial events of brain injury such as
trauma, infection, and abnormal protein deposits such as
AR plaques [4]. Emerging evidence suggests that inflam-
mation is a driving force in the development of AD [5].
Activation and proliferation of glial cells stimulated by neu-
roinflammation is a central event in AD pathophysiology.
Activation of microglia and astrocytes induces the secretion
of proinflammatory factors such as 1L.-13, TNF-a, granu-
locyte macrophage colony stimulating factor (GM-CSF),
inducible nitric oxide synthase, nitric oxide, chemokine
(c-¢ motif) ligand 5, CCLL11 and chemokine (c-x-¢ motif)
ligand 1, which conversely stimulates proliferation of glial
cells [6]. The feedback loop between glial cells and inflam-
matory factors leads to the development of AD. In 1990s,
epidemiological evidence suggested that anti-inflamma-
tory drugs may have a protective effect in AD [7], and now
the neuroinflammatory cascade is considered an impor-
tant therapeutic target in the treatment of AD. Nonsteroid
anti-inflammatory drugs (NSAIDs) are used in the treat-
ment of AD due to inhibition of the inflammatory response
in microglia and astrocytes and reduction of COX-2 expres-
sion in neurons [8]. Whether NSAIDs are effective against
inflammatory factors remains to be determined. Based on
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these premises, identification of novel drugs to prevent
the onset or progression of neurodegenerative diseases
is essential and urgent. Options are being searched in
Chinese and Ayurvedic medicine [9]. Flavonoid is one of
the largest families of natural products. The consumption
of flavonoid-rich food throughout life may lower the risk
of age-related neurodegenerative diseases [10]. Quercitrin
is the most widely consumed flavonoid in the human diet.
Quercitrin is primarily conjugated with carbohydrate and
forms the backbone of other flavonoids such as rutin and
tangeritin. High concentration of quercitrin is found in
vegetables such as onion. Quercitrin is the most common
form of extraction from plants. Multiple pharmaceutical
effects of quercitrin, including antioxidant, anti-inflamma-
tory and neuroprotection, have made it a promising food
additive for the prevention of age-related disorders [11-13].
Researchers suggest that the memory of early-stage AD
patients who consumed onion powder containing quer-
citrin was improved [14]. Quercitrin can potentially delay
the onset of dementia and, therefore, markedly reduce its
prevalence. However, whether quercitrin can treat AD is
unclear. In this study, we investigated the effect and mech-
anism of quercitrin to protect AD.

Materials and methods

Chemicals

Quercitrin  (high pressure liquid chromatography,
purity > 98%) was purchased from Shanghai Tongtian
Biotechnology Co., Litd (Jiangsu, China), anti-Ibal anti-
body was obtained from Wako (Osaka, Japan), biotin-rab-
bitantimouse IgG was purchased from Life Technologies
(New York, USA), streptavidin conjugating horseradish
peroxidase (SHP) was purchased from Invitrogen (New
York, USA), protein precipitation solution and nuclei
lysis solution were purchased from Promega (Wisconsin,
USA), thioflavin-s and 3,3’-diaminobenzidine (DAB)
were purchased from Sigma (Shanghai, China), agarose
was purchased from Biowest (Loire Valley, France) and
bio-plexpro mouse chemokine 23-plex panel was pur-
chased from Bio-Rad (California, USA).

Animals and drug administration

Eight-week 5XFAD transgenic mice overexpressing
human A precursor protein with Swedish (K670N
and M671L), Florida (I716V), London (V7171) familial
Alzheimer’s disease (FAD) mutations and human PS1
with M146L, 1.286V FAD mutations were purchased
from Nanjing institute of biomedicine; wild-type (W'T)
C57BL/6] mice at the same age were the negative control
mice. All mice were housed in the specific pathogen-free
feeding room at Shanghai University of Traditional
Chinese Medicine Animal Center. The diet supple-
mented with quercitrin was made by Jiangsu synergistic
biology company. Mice were randomly divided into four
groups, WT' group (WT C57BL/6] mice fed with nor-
mal diet), AD group (5XFAD mice fed with normal diet)
and quercitrin low/high dose (QL/QH) group (5XFAD
mice fed with diet supplemented with 50 or 100 mg/

kg/day quercitrin). Forty male mice were fed with diet
with/without quercitrin for 3 months. Animal experi-
ments were approved by the Animal Ethics Committee
of Shanghai University of Traditional Chinese Medicine,
and experimental animal care followed their regulations.

Open field test

Mouse was placed in a 50 x 50 x 40 cm open-field box
and let it move freely for 5 min. Movement trajectory
was recorded and analyzed with the Ethovision XT 11.5
software. The experiment was repeated three times. The
20 x 20 cm area outside the central point of the box is the
central arca. Anxiety-like behavior was determined that
mice spent more time outside the central area.

Novel object recognition test

The novel object recognition test was conducted with a
previously described protocol and makes some changes
[15]. Two same colored and shaped objects were placed
in a 50 x 50 x 40 cm open-field box, and the mouse was
allowed to explore objects freely for 5 min. After 1 and
24 h, one of the objects was replaced by a novel object
with different colors but of similar size, and the mouse
was placed back into the same box to move freely for
5 min. Mouse was exploring objects when the nose con-
tacted with objects or the nose tip was less than 2 cm
away from objects. Preference index was calculated as
the ratio of time spending to explore one of objects over
the total time spending to explore two objects (training
phase) or the ratio of time spending to explore the novel
object over the total time spending to explore novel and
old objects (after 1 and 24 h of training phase).

Morris water maze test

The Morris water maze test was performed as previously
described [16]. A 100 cm swimming pool was divided
into four quadrants on average. The water temperature
was maintained at 21 + 1 °C. A 7-cm platform was located
in the center of the VI quadrant and 1 cm above water
at the first day, then was 1 cm under water from days 2
to 6. Mouse was placed into the pool from the I quad-
rant to find the platform within 60 s and stayed on the
platform for 10 s. After a break, the mouse entered the
pool from II and III quadrants, and the experiment was
repeated. Positioning navigation experiment lasted for
5 days. Escape latency is the time spent to find the hid-
den platform after entering the pool. The escape latency
and swimming trace were recorded by Ethovision X'T'
11.5 system (Noldus, Beijing, China). On the 6th day, the
platform was removed, and the mouse was placed back
into the pool from the center point of the II quadrant and
swam freely for 60 s. The time spent in the VI quadrant,
the frequency of crossing the platform was recorded.

Immunohistochemistry analysis
The mouse brain tissue was cut into 40 pm coronal

sections. The sections were incubated in a mixture of
PBS: formaldehyde: 3% HZO7 = 5:4: 1 for 30 min, and
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penetrated the membrane in 0.1% Triton X-100 solution
for 10 min, blocked by 5% BSA at room temperature (RT)
for 2 h. Sections were incubated overnight with Ibal anti-
body at4 °C. After rinsing with PBS; sections were treated
with secondary antibody at RT for 2 h. After rinsing with
PBS, sections were subsequently incubated with SHP at
RT for 2 h and stained with DAB. Neutral resin sealed
the slides after dehydration and degreasing. Images were
captured with a LSM 880 microscope (Zeiss, Germany).
The number of Ibal* microglia cells in the cortex and
hippocampus was analyzed through the Image ] soft-
ware (Rawak Software Inc., Stuttgart, Germany).

Thioflavine-S fluorescent staining

Brain sections were stained with Thioflavine-S, as a
previously described protocol [17]. Forty micrometer
mouse coronal brain sections were attached to slides.
The slides were immersed in 0.05% Thioflavine-S solu-
tion for 8 min, and immersed in 80% alcohol, washing
the slides with deionized-diluted HZO (ddHZO). The
brain sections were incubated in high phosphate saline
buffer at 4 °C for 30 min. Fluorescent images were
taken with a Zeiss microscope. The number and area
of AP plaques in mouse brain were analyzed through
Image ] software.

Inflammatory factors detection

Brain tissue was placed in Eppendorf (Saxony, Germany) tu
bes with 0.5 ml lysis solution containing RIPA and protease
inhibitor. At least 90 pl of serum or brain tissue homogenate
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supernatant was prepared from each mouse. Inflammatory
factor concentration in peripheral blood and brain was
detected with bio-plexpro mouse chemokine 23-plex panel.

Statistical analysis

Statistical analysis was performed by the Graphpad soft-
ware GraphPad Software Inc., San Diego, California,
USA, results were given as means = SD or standard
error. Comparison between two groups was analyzed by
Student’s 7-test. The difference between multiple groups
was analyzed by one-way analysis of variance. Statistical
significance was determined as P < 0.05 or P < 0.01.

Results

Quercitrin did not induce anxiety, depression in 5XFAD
mice

We conducted an open field tests to evaluate the safety of
quercitrin. As shown in Fig. 1, there was no significant dif-

ference in total movement distance (F =0.13; P = 0.94;
Fig. 1a), average velocity (F 339~ 0. lé ﬁ 0.94; Fig. 1b),
number of crossings in the (,entral area (I . 0.15;P=0.99;

Fig. 1c) and time spent in the central area (F = 0.18;
P =0.91; Fig. 1d) among the WT, AD, QL and bH) groups.
Therefore quercitrin is safe to treat mice because it does
not induce anxiety and depression in 5XFAD mice

Quercitrin improved memory impairment in 5XFAD
mice

Short- and long-term memory impairment are the main
clinical symptoms of AD patients. To evaluate the effect
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Quercitrin did not induce anxiety and depression in 5XFAD mice. (a) The total movement distance in the group of WT, AD, QH and QL. (b)
Average movement speed. (c) Number of crossing central area. (d) Time of crossing the central area. Data are shown as the mean * standard

error (n =10 in each group). AD, alzheimer’s disease.
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Quercitrin improved memory impairment in 5XFAD mice. (a) Percentage of frequency to recognize the new objects at the training phase. (b)
Percentage of time to recognize the new objects at the training phase. (c) Percentage of frequency to recognize the new objects after 1 h of the
training phase. (d) Percentage of time to recognize the new objects after 1 h of the training phase. (e) Percentage of frequency to recognize the
new objects after 24 h of the training phase. (f) Percentage of time to recognize the new objects after 24 h of the training phase. Data are shown
as the mean £ SD (n =10 in each group). *P < 0.05 and **P < 0.01 vs. the AD group. AD, alzheimer's disease.

of quercitrin on memory improvement of AD mice, we
carried out the novel object recognition test according
to the characteristics that mice tend to explore the novel
objects. We found that there was no difference in the
nature of exploring the novel objects among the mice
because there was no significant difference in the per-
centage of time (F“g) = 0.37; P = 0.77) and frequency
(F(3,39) =0.27;P= O.éS) exploring the novel objects among
the four groups of mice at the training phase (0 h) (Fig. 2a
and b). At the test phase (1 h after the training phase),
the percentage of time (F339 = 3.35; P = 0.033) and
frequency (F(s,so) =435 P < 8).01) exploring the novel
objects decreased significantly in the AD group compared
with that in the WT group, whereas increased in the QH
group compared with that in the AD group. The results
show that short-term memory of AD mice is impaired,
quercitrin improves short-term memory of AD mice
(Fig. 2c and d). At the test phase (24 h after the training
phase), the percentage of time (/ =3.04; P = 0.041)

and frequency (F(3 0= 6.71; P < O.(?isféxploring the novel

objects decreased significantly in the AD group versus the
WT group, whereas increased in the QH group compared
with that in the AD group. The results show that the long-
term memory of AD mice is also impaired, and quercitrin
improves long-term memory of AD mice (Fig. 2¢ and f).

Quercitrin improved spatial learning and memory
impairment in 5XFAD mice

Spatial learning and memory impairment is also a common
clinical manifestation of AD patients. We carried out Morris
water maze test to evaluate the learning and memory
improvement of quercitrin. In the stage of positioning nav-
igation, the escape latency in the AD group was longer than
the other three groups, but there was no significant differ-
ence between the four groups on the first day. In the next
4 days, the escape latency in the W'T" group was shorter and
shorter, and the reduction range was the largest among the
four groups. Although the escape latency in the AD group
was also shortened, the reduction range was significantly
less than that in the other three groups. The escape latency
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Fig. 3
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Quercitrin improved cognitive impairment in 5XFAD mice. (a) Escape latency in the water maze in the stage of positioning navigation. (b)
Number of crossing the platform in the stage of spatial exploration. (c) Time spent in the target quadrant in the stage of the spatial exploration.
(d) Representative real-time swimming trajectory in the stage of spatial exploration. Data are shown as the mean = SD (n = 10 in each group).

*P<0.05 and **P < 0.01 vs. the AD group. AD, alzheimer’s disease.

in the QH and QL group was shorter than that in the AD
group, and the reduction range was larger than that in the
AD group (Fig. 3a). In the stage of spatial exploration, the
time spent in the target quadrant (F<3‘ )= 6.14; P < 0.01)
and the frequency crossing the platform (/ .. 4.91;
P <0.01) decreased significantly in the AD group compared
with that in the WT group, whereas increased significantly
in the QH and QL. group compared with that in the AD
group (Fig. 3b and c). Representative real-time swim-
ming trajectory of each group was shown in Fig. 3d. These
results suggest that AD mice have surely spatial learning
and memory impairment, quercitrin improves learning and
memory impairment of AD mice.

Quercitrin reduced the formation and accumulation of
A plaques in 5XFAD mice

The accumulation of Af plaques in the brain of AD
patients is an important dangerous signal to stimulate
the activation of microglia cells and secretion of inflam-
matory factors. Inhibition formation and accumulation
of AP plaques would alleviate the intensity of neuroin-
flammation and delay the development of AD. To make
clear the mechanisms of quercitrin to treat AD, the accu-
mulation of AP plaques in the brain of AD mice after
quercitrin treatment was analyzed. We found that the

burden of AP plaques in hippocampus dentate gyrus
(DG) (F(3 30 = 77.46; P < 0.01) and CA1 (F(339 = 15.05;
P < 0.01) region increased significantly in thé AD group
compared with that in the WT group, however, decreased
significantly in the QH and QL groups compared with
that in the AD group (Fig. 4b). Representative immuno-
fluorescent staining images of AP plaque accumulation in
hippocampus DG and CALl region in the group of WT,
AD, QL and QH were shown in Fig. 4a. The results indi-
cate that quercitrin reduces significantly the formation
and accumulation of AP plaques in the brain of AD mice
and can further relieve inflammation in the brain.

Quercitrin inhibited the activation of microglia in
5XFAD mice

Microglia is the main inflammatory cells in the brain,
and activation and proliferation of microglia are the main
cause of chronic, low-grade inflammation in AD patients.
"To confirm the anti-inflammatory effect of quercitrin, the
number of Ibal” microglia in the anterior cingulate cortex
(CAA), hippocampus DG and CA1 regions was analyzed.
We found that the number of Ibal® microglia increased
significantly, and more Ibal™ microglia aggregated into
clusters in the AD group compared with that in the
WT group, whereas the number of Ibal® microglia was
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Quercitrin reduced the formation and accumulation of A} plaques in 5XFAD mice. (a) Representative immunofluorescent staining images of Ap
plaque accumulation in hippocampus DG and CA1 regions in the group of WT, AD, QH and QL. (b) Quantitative graph of Af} plaque burden in
hippocampus DG and CA1 regions in the group of WT, AD, QH and QL. Data are shown as the mean % standard error (n =5 in each group).
*P<0.05 and **P < 0.01 vs. AD group. Scale bar: 200 um. AD, alzheimer's disease.

decreased significantly in CAA (F(3 20 = 2.98; P = 0.045),
DG (F(3,39> =14.26; P < 0.01), CA1 (F(3,39) =8.03; P<0.01)
regions, and less Ibal® microglia aggregated into clusters
in the QH and QL groups compared with that in the AD
group (Fig. 5b). Representative immune-histochemical
staining images of Ibal® microglia in the cortex, hip-
pocampus DG and CALl regions in the group of W'T, AD,
QL and QH were shown in Fig. 5a. The results indicate
that microglia in the brain of AD mice are activated and
proliferate massively, quercitrin can inhibit the activation
and proliferation of microglia.

Quercitrin inhibited the secretion of inflammatory
factors in 5XFAD mice

Over-activated microglia secrete inflammatory factors to
promote neuron death. There are many proinflammatory
cytokines, including IL-1p3, IL-6, TNF-a, GM-CSF and
MIP-1a, which play an essential role in recruiting glial
cells to the sites of AP deposition, activating glial cells
and inducing apoptosis of neurons. This study further
analyzed the level of proinflammatory factors in the

peripheral blood and brain of mice with the liquid sus-
pension chip method. In the peripheral blood, the level
of IL-1a (I = 9.09; P < 0.01), IL-6 (F = 3.44;
(3,20) 3,20)
P = 0.036), [L-10 (F 320 = 2477, P < 0.61), IL-17A
(F(s,zo) =432; P = 0.617)) and G-CSF (F<3,2<>) = 22.83;
P <0.01) increased significantly in the AD group than that
in the WT group, whereas decreased significantly in the
QH group compared with that in the AD group (Fig. 6a).
The results show that the inflammatory reaction is obvi-
ous in the peripheral blood of AD mice, quercitrin can
inhibit the inflammatory reaction in the peripheral blood
of AD mice. In the brain, we found that the level of IL.-10.
(F(3,20> =5.61; P < 0.01), IL.-4 (Fs,zo = 3.08; P = 0.041),
L% (F = 455 P = 0.017), CXCLA (7, = 12.72;
P <0.01), Botaxin (F,, ,, = 4.96; P = 0.044), GZCSE, MIP-
la (Fsz(» =12.09; P < 0.01) and MIP-1B (F(3 2 = 12.65;
P< 0.61) increased significantly in the AD group than that
in the WT group, whereas the level of those inflammatory
factors decreased in the QH group compared with that
in the AD group (Fig. 6b). The results suggest that the

inflammatory reaction is very serious in the brain of AD
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Quercitrin inhibited microglia activation in 5XFAD mice. (a) Representative immunohistochemical staining images of Iba1* microglia in the cortex,
hippocampus DG and CA1 regions in the group of WT, AD, QH and QL. (b) Quantitative graph of the number of Iba1™ microglia in the cortex, hip-
pocampus DG and CAT1 regions in group of WT, AD, QH and QL. Data are shown as the mean * standard error (n =5 in each group). *P < 0.05

and **P < 0.01 vs. AD group. Scale: 100 um. AD, alzheimer's disease.

mice, quercitrin can alleviate inflammation in the brain of
AD mice. In a word, quercitrin alleviates the intensity of
systemic inflammation in 5XFAD mice.

Discussion

Although our understanding about AD has increased
dramatically over recent years, it remains far from fully
understanding its pathogenesis. Scientists have been
working for many years to develop drugs that target
neurodegenerative diseases, however, there is a lack of
effective drugs to treat AD. The study of natural com-
pounds to prevent and treat AD has attracted extensive
attention in recent years, and natural compounds are
expected to bring new hope for drug development of AD
treatment. Quercitrin distributes widely among plants
and is common in daily diet. Modern Chinese medicine

believes that quercitrin has the effects of relieving cough
and asthma, detumescence and diuresis, clearing heat
and detoxification, and increasing immunity. It can be
used to treat chest tightness, shortness of breath, pal-
pitation, palpitation and dreaminess. Several studies
have reported the neuroprotective effect of quercitrin
in ischemia, traumatic injury [18], Parkinson’s disease
[19] and Huntington’s disease [20]. In the long-term
medical practice, ancient Chinese doctors found that
quercitrin also has the effect of significantly improving
insomnia, amnesia and memory loss. Memory impair-
ment is the main symptom of AD patients. Whether
quercitrin can also improve memory loss in AD patients
is still unknown. We found that 5XFAD mice fed with a
diet added with quercitrin explored new objects more
frequently than 5XFAD mice fed with a normal diet in
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Fig. 6
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Quercitrin inhibited the secretion of inflammatory factors in 5XFAD mice. (a) Quercitrin inhibited the secretion of inflammatory factors in the
peripheral blood of 5XFAD mice. (b) Quercitrin inhibited the secretion of inflammatory factors in the brain of 5XFAD mice. Data are shown as the
mean £ SD (n = 6 in each group), *P < 0.05, **P < 0.01 vs. the AD group. AD, alzheimer's disease.

novel object recognition test, and SXFAD mice fed with
a diet added with quercitrin took less time to find plat-
form than 5XFAD mice fed with a normal diet in the
water maze test. These results indicate that quercitrin
can improve the learning and memory impairment in AD
mice. We further explored the mechanism of quercitrin
protecting AD. Quercitrin has been shown to protect
neurons from oxidative damage by regulating mito-
chondrial function [21,22] and inflammatory damage by
inhibiting the secretion of inflammatory factors in model
mouse of chronic unpredictable stress [23]. Chronic
inflammatory reaction has been considered as one of the
important pathogenesis of AD. Therefore, inhibition of
inflammatory response has become one of the important
ways to prevent and treat AD. In this study, we also found
that quercitrin inhibited the level of IL-1a, IL-6, IL.-17A
and G-CSF in peripheral blood, and IL.-1a, IL.-4, TL.-6,
CXCL-1, Eotaxin, G-CSF, MIP-1a and MIP-1f in the
brain, alleviated the intensity of systemic inflammation
in 5XFAD mice. Furthermore, quercetin can more effec-
tively inhibit inflammation in the brain because quercit-
rin permeates the blood-brain barrier effectively [24].
And in this study, 5XFAD mice were fed with a diet sup-
plemented with quercitrin for three consecutive months,
which will be beneficial for quercitrin to enter the central
nervous system. Activated glial cells play a very essential
role in the secretion of inflammatory factors in AD [25].

We confirmed that quercitrin inhibited the activation
of microglia. In conclusion, quercitrin inhibits the acti-
vation of microglia, reduces the secretion of inflamma-
tory factors, decreases the formation and accumulation
of AP plaques, alleviates the systemic inflammation and
improve cognitive impairment of AD mice. Because plant
extracts have multidimensional anti-inflammatory effects
and have few side effects after long-term use, quercitrin
alone or combined with other drugs provide a new choice
for the clinical treatment of AD. With the development
of molecular biology, the research on the mechanisms
of natural plant medicine has reached the cellular and
molecular level, but the broad pharmacological activity of
quercitrin makes it a big challenge to identify the targets
in the cells, which leads to the lack of in-depth studies on
the mechanisms of AD treatment by quercitrin. Just as
there are many unknowns about AD, there are also many
unknown fields about quercitrin in the treatment of AD,
which will be the direction of our future efforts.

Conclusion

Quercitrin improved cognitive impairment in SXFAD
mice by inhibiting the activation of microglia, reducing
the secretion of inflammatory factors, alleviating the
systemic inflammation and reducing the formation and
accumulation of AR plaques. Quercitrin could be a thera-
peutic candidate for AD.

Copyright © 2022 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.
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