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Background: Neonatal seizures commonly caused by hypoxia could lead to brain

injury and cognitive deficits. Quercetin could cross the blood brain barrier and exerts

neuroprotective effects in many neurological disease settings. In this study, we aim

to investigate the role of quercetin in attenuating cognitive impairment following

hypoxia-induced neonatal seizure (HINS).

Method: Sprague-Dawley rats at P7 were exposed to a premixed gas in a hypoxic

chamber to induce brain injury, and then continuously administered with quercetin for 21

days. Pentylenetetrazol kindling was used to induce seizures in the evolution. After the

hypoxic lesion was stablished, anxiety-related behavior of rats after HINS was assessed

using open field test. Memory impairment of rats after HINS was evaluated using

novel object-recognition test and elevated plus maze test. The serum and hippocampal

concentrations of TNF-a, iNOS, IL-6 MCP-1, and IL-1β were measured using ELISA. The

mRNA expression levels of TNF-a, iNOS, IL-6 in the hippocampus were determined using

qRT-PCR. The protein levels of TLR4, NF-κB p65, and p-NF-κB p65 in the hippocampus

were determined using Western blot.

Results: Quercetin administration significantly reduced later-life seizure susceptibility,

anxiety-related behavior, and memory impairments in the rats following the HINS

when compared to the HINS group without treatment. Both serum and hippocampal

proinflammatory cytokines levels were significantly elevated in the rat after HINS. TLR4

protein expressions were increased in the HINS group when compared to control

group, and decreased in the group of quercetin. The protein level of p-NF-κB p65 was

significantly lower in the quercetin group compared to the HINS group.
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Conclusion: We demonstrated that Quercetin significantly reduced susceptibility

to later-life seizures. Quercetin could downregulate inflammatory response through

TLR4/ NF-κB pathway, thereby attenuating HINS-induced anxiety, hippocampal memory

impairment, and cognitive impairment in later life following HINS.

Keywords: hypoxia-induced neonatal seizure, quercetin, inflammation, TLR4, NF-κB

INTRODUCTION

Neonatal seizures are associated with hypoxia damage that
occurred within the first 1 or 2 days of life and often could
be associated with epilepsy later in life (1). Currently, the
occurrence of neonatal seizures is ∼0.1–0.5% of newborns
and 9–58 per 1,000 very low birth weight infants (2–
5). Hypoxic-ischemic encephalopathy, cerebral malformation,
and stroke are main contributors to neonatal seizures and
commonly are leading to later-life epilepsy and cognitive
dysfunction. The fundamental mechanics, however, remain a
mystery. Oxidative stress, inflammatory response, and altered
ion channel have all been identified to play essential regulatory
roles in the development of seizures following brain ischemia
(6). Traditional treatment for neonatal seizures such as
phenobarbital, phenytoin/fosphenytoin, and levetiracetam have
shown almost 50% efficacy, however, side effects including a
negative impact on neurodevelopment remain a concern (7–9).
Particularly, the anticonvulsant therapy in newborns is unique
and may require more evidence. Development and investigation
of treatment for neonatal seizures are in urgent need.

Inflammation has been recognized as a major contributor to

hypoxia-induced neonatal seizures. The inflammatory response
triggered by hypoxia provokes inflammatory cascades, which

could result in long-term effects of immune activation and
exacerbate brain injury (10). However, the specific mechanism
of long-term inflammation impacting epilepsy in later-life of
hypoxia-induced neonatal seizures (HINS) remains unclear. A
study has shown that the activation of SIRT1 could be responsible
for inhibition of TLR4/MyD88/NF-κB signaling pathway thereby
reducing neuroinflammation in HINS-induced brain injury (11).
These studies highlighted that targeting inflammation could
serve as an effective approach of HINS treatment.

It has been reported that quercetin (3, 3′, 4′, 5, 7-

pentahydroxyflavone), a flavonoid found in a variety of
plants, could cross the blood-brain barrier to reach the brain

after systemic administration. Although crossing the blood-
brain barrier for flavonoids, particularly Quercetin, may be

difficult, many preparations, including nanostructures, have

been developed. Quercetin exerts several pharmacological
properties, including anti-inflammation and antioxidant, and
anti-cancer. Studies have been reported the neuroprotective
effects of quercetin in neurological diseases. Sumbul et al.
has demonstrated that injection with quercetin showed an
anticonvulsant effect in penicillin-induced focal seizure model in
adult rats (12). In addition, multiple intraperitoneal treatments
of quercetin at a dose of 100 mg/kg significantly increased
generalized tonic-clonic seizure onset (GTCS) and decreased

GTCS duration when compared to the control (13). A recent
study showed that quercetin reduced oxidative stress and TLR4-
mediated inflammation in mice with neonatal hypoxic-ischemic
brain injury (14). In the present study, we aim to investigate the
role of quercetin in reducing later-life seizure susceptibility and
anxiety-related behavior in HINS rats.

METHODS

Rat Model of Neonatal Hypoxia-Induced
Seizures
Sprague-Dawley rats were obtained on the 7th day after birth. All
rats were housed in cages under the light of 25± 2◦C and 12/12 h
dark/light cycle (humidity was 60–80%) with free access to water
and food ad libitum. As shown in Supplementary Figure 1, to
induce HINS, the rats were exposed to a premixed gas containing
5% O2, 95% N2 for 15min in a hypoxic chamber. Animals that
exhibited tonic-clonic seizures within 15min of hypoxia entered
the study. Subsequently, animals were exposed to hypoxia or
normoxia, and then continuously administered with quercetin
for 21 days (Supplementary Figure 2). At P28, behavioral tests
were performed. At P42, the pentylenetetrazol (PTZ) was used
to assess seizure susceptibility. Briefly, the PTZ was injected
intraperitoneally (i.p.) in a sub-convulsant dose of 35.5 mg/kg
every other day from P42 with ten injections till P60. Animals
were observed for 20min to assess seizure stage. Tissue and
blood were collected for further analysis. The protocols for
animal experiments were approved by Hubei Maternal and Child
Health Hospital.

Experimental Design
Rats were randomly divided into four groups: Group 1:
Control group treated with sterile physiologic saline (2 mL/kg,
intraperitoneally) and 500 IU penicillin (2.5 µl, i.c.), daily for
21 days; Group 2: treated with 25 mg/kg quercetin (2 mL/kg,
i.p.) (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany; ≥

95% (HPLC); dissolved in DMSO, then diluted in 0.9% saline
solution) daily for 21 days+ 500 IU penicillin (2.5µl, i.c.); Group
3: treated with 50mg/kg quercetin (2mL/kg, i.p.) daily for 21 days
+ 500 IU penicillin (2.5µl, i.c.); Group 4: treated with 100 mg/kg
quercetin (2 mL/kg, i.p.) daily for 21 days+ 500 IU penicillin (2.5
µl, i. c.).

Open Field Test
The cognitive behavior was evaluated at P60 after hypoxia
exposure. To assess motor activity, rats were studied by open field
test. The rat was placed in the center of the arena and allowed
to explore for 10min. Total traveled distance and number of
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central crossing were tracked using video tracking and domestic
software (15).

Novel Object-Recognition Test (NOR)
To evaluate the hippocampal memory function, the NOR test
was carried out at P60. The NOR test consists of habituation,
familiarity, and novel object recognition testing. These tests
were recorded using a camera placed above the open-field box.
During the adaptation phase, the rats were allowed to explore the
environment without objects for 10min. In the familiarization
phase, an animal was placed in an open field containing two
identical objects (A + A) for 10min. After a retention interval
of 10min, in the test phase, the animal was returned to the
field arena with two objects for 10min, one is the same as
the sample and the other is different (A + B). Object record
was recorded. The new object index was calculated using the
following equation: (B)/(A + B) ∗ 100. B = spend time with a
new object, A+ B= spend time with two objects (16).

Elevated Plus Maze Test (EPM)
The elevated maze consists of two opposite open arms and two
opposite closed arms, and a platform. The entire device was fixed
at 50 cm above the ground. The rat was placed in the center of the
maze, facing one of the closed arms, and was allowed to explore
the open or closed arm of the maze for 5min. The number of
entries (“open spare parts”: OAE) and the time spent in open
spare parts (“open spare parts time: OAT”) were recorded.

Seizure Stages Assessment
The animals were observed for 20min to assess the stage of
seizure after each PTZ injection. Seizure stages were determined
according to the revised Racine’s scale (17). Normal behavior was
considered stage 1; hyperactivity was considered stage 2; repeated
vertical movements were considered stage 3; forelimb clonus and
rearing were considered stage 4; and stage 5, generalized clonic-
tonic seizures with fall. Mice scored stage 5 were considered fully
kindled in three consecutive PTZ exposures. The median seizure
score in each day and the average number of days to reach a
fully kindled state were used to assess epileptogenesis. Lastly,
myoclonic seizure duration (MS), generalized seizure duration
(GS), and latency of stage 5 were measured to evaluate the
severity of seizures.

qRT-PCR
Total RNA was extracted from the hippocampus (8 rats
from each group at P28) using Trizol reagent (Invitrogen)
according to the manufacturer’s protocol. cDNA was primed
using cDNA Synthesis Super Mix Kit. The following primers
were used: IL-6 for- ward 5’-GACTGATGTTGTTGACAGCC
ACTGC−3′, reverse 5′-AGCCACTCCTTCTGTGATCAACT-3′;
TNF-α, forward 5′- CATGATCCGAGATGTGGAACTGGC-3′,
reverse 5′-CTGGCTCAGCCACTCCAC−3′; iNOS, forward 5′-
GCATCCCAAGTACGAGTGGT-3′, reverse 5′-GAAGGCGTA
GCTGAACAAGG-3′; GAPDH, forward 5′-CAAGGTCATC
CATGACAACTTTG-3′, reverse 5′- GTCCACCACCCT GTTG
CTGTAG-3′.

Enzyme-Linked Immunosorbent Assay
Serum samples (8 rats from each group at P28) were isolated from
the blood after centrifugation at 14,000 rpm for 20min at 4◦C.
The concentrations of TNF-a, iNOS, IL-6 MCP-1, and IL-1β in
the serum samples or the hippocampus of rats were measured
using ELISA kits according to the manufacturer’s instructions
(BioSource International Inc., Camarillo, CA, USA).

Western Blot
Proteins were extracted from the hippocampus (8 rats from
each group at P28) according to the manufacturer’s instructions
(KeyGEN, Nanjing, China). The protein concentrations were
determined with a modified bicinchoninic acid protein assay kit
(KeyGEN). Equal amounts of proteins were loaded and separated
by sodium dodecyl sulfate–polyacrylamide gel electrophoresis
and then transferred to a polyvinylidene fluoride membrane.
The membranes were incubated against TLR4 (#66350-1-
Ig, Proteintech), NF-κB p65 (#ab18256, CST), p-NF-κB p65
(#3033, CST), β- actin (#66009-1-Ig, Proteintech) antibodies
at 4◦C overnight. Horseradish peroxidase-conjugated anti-
rabbit or anti-mouse secondary antibodies (Yifeixue, Bio-TECH,
Nanjing, China) were then used and blots were imaged with
the enhanced chemiluminescence Western blotting Detection
System (Millipore). The quantification was conducted using
ImageJ software.

Statistics
Comparisons were conducted by two-way ANOVA followed
Tukey’s multiple comparisons test and one-way ANOVA
followed Dunnett’s T3 multiple comparisons test. Data were
presented as mean± SD.

RESULTS

Quercetin Administration Following HINS
Attenuated Later-Life Seizure
Susceptibility in Rats
To characterize the effects of quercetin administration on HINS
in the later life, body weight was measured weekly from P7–
P42. Bodyweight gaining was significantly reduced after HINS
compared to control group (p < 0.001, Figure 1A). Quercetin
administration significantly inhibited the loss of body weight in
a dose-dependent fashion in comparison with the HINS group at
P42 (p < 0.01, Figure 1A). Next, to determine whether quercetin
administration could affect susceptibility to epileptogenesis after
the HINS in the later life, we assessed themaximum seizure stages
for 20min after PTC injections. We found that the maximum
seizure scores were remarkedly increased in the HINS group
compared with the control group (p< 0.001, Figure 1B), whereas
significantly reduced by quercetin administration (p < 0.001,
Figure 1B). Moreover, the average days of fully rekindle in the
HINS group were significantly reduced compared to the control
group (p < 0.01, Figure 1C). In contrast, quercetin notably
increased the average days of fully rekindle to that of control (p
< 0.001, Figure 1C).

In addition, the role of quercetin administration following
HINS in the seizure was determined by total MS duration,
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FIGURE 1 | Quercetin administration following HINS attenuated later-life seizure susceptibility in rats. (A) Effect of quercetin on body weight following HINS. (B)

Maximum seizure stages during 20min after PTZ injections in different experimental groups. (C) The averaged days to reach fully kindled situation in different

experimental groups. (D) Total MS durations were recorded in different experimental groups. (E) Total GS durations were recorded in different experimental groups. (F)

Stage 5 latency were recorded in different experimental groups. Eight rats were used to recorded in each group. Mean ± SD. **p < 0.01, ***p < 0.001 compared to

control. #p < 0.05, ##p < 0.01, and ###p < 0.001 compared to HINS.

total GS duration, and stage 5 latency. Our results showed that
total MS and GS duration were remarkedly elevated in the
HINS group in comparison with control group (p < 0.001,
Figures 1D,E). In contrast, quercetin administration significantly
reduced total MS and GS duration to that of control (p <

0.001, Figures 1D,E). Furthermore, the stage 5 latency was

significantly decreased in the HINS group when compared to
the control group (p < 0.001, Figure 1F), which was bounced
back to the level of control by quercetin administration (p <

0.001, Figure 1F). Taken together, our findings suggested that
treatment with quercetin could effectively attenuate later-life
seizure susceptibility in HINS rats.
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FIGURE 2 | Quercetin administration following HINS attenuated anxiety-related behavior of rats in Open-Field test. Total traveled distance (A) and number of central

crossings (B) over 10min exploring the arena were recorded. Eight rats were used to recorded in each group. Mean ± SD. ***p < 0.001 compared to control. #p <

0.05, ##p < 0.01, and ###p < 0.001 compared to HINS.

Quercetin Administration Following HINS
Attenuated Anxiety-Related Behavior of
Rats
To determine the effect of quercetin administration on cognitive
impairment induced by HINS, we assessed locomotor activity.
The traveled distance along with the number of central crossings
in the HINS group was significantly reduced when compared
to control group (p < 0.001, respectively, Figures 2A,B). In
contrast, quercetin administration effectively prevented the
reduction of traveled distance and the number of central
crossings (p < 0.01, p < 0.001, respectively, Figures 2A,B),
indicating the protective role of quercetin in ameliorating HINS-
induced cognitive impairment.

Quercetin Administration Following HINS
Attenuated Memory Impairments
Furthermore, to determine the effects of quercetin on HINS-
induced memory impairments, we measured memory function
using a novel object-recognition test and elevated plus maze test.
The percentages of OAE and OAT in the HINS group were
remarked decreased when compared to the control group (p
< 0.001, respectively, Figures 3A,B), which were significantly
increased by quercetin administration (p < 0.01, p < 0.001,
respectively, Figures 3A,B). In parallel, the novel object index in
the HINS group was significantly decreased relative to control (p
< 0.001, Figure 3C), which was returned to that of control after
quercetin administration in a dose-dependent manner (p < 0.01,
Figure 3C).

Quercetin Administration Following HINS
Reduced Serum Inflammatory Cytokines
To evaluate the role of quercetin in inhibiting inflammatory
response, serum inflammatory cytokines IL-6, TNF-α, MCP-1,
and IL-1β were measured. Our results showed that the serum
levels of IL-6, TNF-α, MCP-1, and IL-1β were dramatically
augmented in the HINS group compared to the control (p

< 0.001, respectively, Figures 4A–D). Quercetin administration
significantly reduced the serum levels of IL-6, TNF-α, MCP-
1, and IL-1β at P28 in a dose-dependent manner. The serum
levels of IL-6, TNF-α, MCP-1, and IL-1β were reduced to the
level of control at a dose of 100 mg/kg of quercetin (p < 0.001,
respectively, Figures 4A–D).

Quercetin Administration Following HINS
Attenuated Hippocampal Inflammatory
Response
To further determine the effect of quercetin on the hippocampal
inflammatory response, we measured the concentrations and
mRNA expressions of iNOS, IL-6, TNF-α in the hippocampus
at P28 using ELISA and RT-qPCR. The concentrations of iNOS,
IL-6, TNF-α in the hippocampus were markedly increased in
the HINS group compared to the control group (p < 0.001,
respectively, Figures 5A–C). Notably, treatment with quercetin
significantly reduced the levels of iNOS, IL-6, TNF-α in a dose-
dependent manner (p < 0.001, respectively, Figures 5A–C).
Consistent with ELISA results, mRNA levels of iNOS, IL-6, TNF-
αwere significantly elevated in the HINS group relative to control
(p < 0.001, respectively, Figures 5D–F) and suppressed by the
treatment with quercetin (p< 0.001, respectively, Figures 5D–F).

Quercetin Administration Following HINS
Down-Regulated Hippocampal
TLR4/NF-κB Signaling
To evaluate the signaling pathway that is responsible for
quercetin in inhibiting inflammatory response during HINS, we
assessed hippocampal protein expressions of TLR4/NF-κB using
western blot. In the HINS group, the protein level of TLR4 was
significantly increased compared to the control group (p< 0.001,
Figures 6A,B). After quercetin treatment, the level of TLR4 was
significantly reduced in a dose-dependent fashion (p < 0.001,
Figures 6A,B). In parallel, the ratio of NF-κB p-p65 protein to
p65 protein was dramatically upregulated in the HINS group
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FIGURE 3 | Quercetin administration following HINS attenuated memory impairments of rats in novel object-recognition test (NOR) and elevated plus maze test

(EPM). The percentage of OAE (A) and OAT (B) in EPM were recorded. (C) NOR was evaluated by calculating the novel object index. Eight rats were used to record in

each group. Mean ± SD. ***p < 0.001 compared to control. #p < 0.05, ##p < 0.01, and ###p < 0.001 compared to HINS.

when compared to the control group (p < 0.01, Figures 6A,C),
which was significantly suppressed by quercetin administration
(p < 0.001, Figures 6A,C).

DISCUSSION

Cognitive impairment induced by early-life seizures becomes an
increasingly appreciated problem. Hypoxic-ischemic brain injury
is a major contributor to the development of seizures in neonate;
however, the underlying mechanisms are not fully understood. It
has been discovered that oxidative stress, inflammatory response,
and excitatory-inhibitory neurotransmission imbalance, all play
important regulatory roles in the development of seizure after
brain ischemic injury. In the present study, we demonstrated that
quercetin could change inflammatory response via TLR4/NF-
κB signaling, thereby attenuating later-life seizure susceptibility,
anxiety-related behavior, and cognitive impairment after HINS
in rats.

A population-based study revealed 34% of children
developed post-neonatal epilepsy and 41% of children showed
neurodevelopmental impairment, implying that high rates of
long-term mental impairments and mortality were associated

with children with neonatal seizures (18). Notably, a distinct
reduction of bodyweight was observed in the rat subjected
to HINS, indicating a disability to grow. We found that
this effect was significantly abolished by the treatment with
quercetin. Najafian et al. demonstrated an increment in seizure
susceptibility and hippocampal memory impairment in rats
following HINS, which were reduced in both male and female
animals by the treatment with fingolimod, a sphingosine 1-
phosphate receptor (S1PR) modulator (16). Global hypoxia has
been considered as an etiologically related method to provoke
neonatal seizures (19). In the present study, P7 rats were used
for hypoxia exposure and behavioral seizures in pups with
low mortality. In alignment with published works, we showed
that HINS in immature rats increased seizure susceptibility to
the PTZ kindling model in the later life. Administration with
quercetin at different concentrations (25, 50, 100 mg/kg) showed
an effectively protective effect in reducing seizure susceptibility
to PTZ kindling in the later life of rats with HINS in a dose-
dependent fashion. In the HINS group, the increase of MS and
GS duration was observed in the HINS group, and treatment
with quercetin significantly reduced the duration of MS and GS
at all three different concentrations compared to rats with HINS
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FIGURE 4 | Quercetin administration following HINS attenuated serum inflammatory cytokines. ELISA was used to measure the concentrations of IL-6 (A), TNF-α (B),

MCP-1 (C), and IL-1β (D) in serum of rats from different groups. Eight rats were used in each group. Mean ± SD. ***p < 0.001 compared to control. #p < 0.05, ##p

< 0.01, and ###p < 0.001 compared to HINS.

treated with saline. These findings indicate that quercetin has the
potential to attenuate seizure susceptibility and anxiety in later
life following HINS.

Cognitive deficits such as memory dysfunction and mental
disorder are commonly associated with early life seizure. Clinical
studies have demonstrated that early-life seizures in children
results in significant cognitive dysfunction (20–22). Increasing
animal studies provide evidence that early life seizure provokes
spatial memory deficits and cellular neuronal injury (23–25).
In our study, we examined cognitive impairment in learning
and memory in rats following HINS using open file test
and elevated plus maze test. Consistent with previous study,
behavioral analysis showed that HINS significantly impacted
memory and learning function in later life. Notably, quercetin
significantly prevented and attenuated cognitive dysfunction in
HINS rats. Hippocampus is vulnerable to epilepsy. It has been
reported that acute seizures could cause aberrant development
in the hippocampus and targeting hippocampal neurogenesis
could restore cognitive function after acute epileptic brain insult
(26). Hu et al. showed the inhibition of aberrant hippocampal
neurogenesis could reduce the susceptibility of epilepsy and
cognitive function in rats following HINS (27). In this study,
we assessed hippocampal memory function using a novel object

recognition test. In agreement with these findings, our data
showed the novel object index remarkedly reduced in HINS rats
treated with saline, suggesting an impairment in hippocampus-
relevant memory function during HINS. Importantly, we found
that quercetin administration significantly restored the novel
index to that of control, indicating that quercetin effectively
improved cognitive function such as hippocampus-relevant
memory and learning function.

Inflammation triggered by seizure insult in early life could
contribute to hippocampal memory dysfunction and later-life
epilepsy. It has been reported that glial activation in early-life
results in an acute upregulation of proinflammatory cytokines
in the hippocampus could exacerbate long-term neurologic
dysfunction (28). In this study, we showed the levels of
hippocampal inflammatory cytokines iNOS, IL-6, and TNF-
α were dramatically upregulated in rats following HINS and
significantly modified by the treatment with quercetin. Quercetin
has been shown to inhibit inflammatory cytokines and iNOS by
inhibiting the NF-κB pathway in intestinal inflammation (29).
Moreover, it has been shown that quercetin downregulated the
levels of IL-1β, IL-6, and TNF-α by inhibiting TLR4 and the
translocation of NF-κB (30, 31). In our study, we found that the
protein expression of TLR4 in the hippocampus was significantly
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FIGURE 5 | Quercetin administration following HINS attenuated hippocampal inflammatory responses of rats. ELISA was used to measure the concentrations of

iNOS (A), TNF-α (B), and IL-6 (C) in the hippocampus of rats from different groups. RT-qPCR was used to measure the mRNA expressions of iNOS (D), TNF-α (E),

and IL-6 (F) in the hippocampus of rats from different groups. Eight or 3 rats were used in each group. Mean ± SD. **p < 0.01, ***p < 0.001 compared to control. #p

< 0.05, ##p < 0.01, and ###p < 0.001 compared to HINS.

upregulated in HINS rats and decreased in the quercetin treated
group. Correspondingly, the hippocampal protein expression
of phosphorylated NF-κB p65 markedly increased in HINS
rats, whereas significantly reduced by quercetin administration.
Taken together, these findings suggest that quercetin inhibit
proinflammatory response via TLR4/NF-κB signaling pathway,
thereby attenuating cognitive impairment and hippocampal
dysfunction in later-life of rats following HINS.

However, there are some limitations in this study. Firstly,
due to the small number (n = 8) of animals used in the
experiment, some of the results of the statistical treatment
were not significant in terms of differences. Moreover, in
the current study, we couldn’t eliminate the influence of
penicillin, as it may affect inflammatory response. Therefore,
a group without giving penicillin should be included in the
future study. Secondly, no other traditional treatment, such

Frontiers in Pediatrics | www.frontiersin.org 8 February 2022 | Volume 10 | Article 791815

https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles


Wu et al. Neonatal Seizures and Quercetin

FIGURE 6 | Quercetin administration following HINS down-regulated hippocampal TLR4/NF-κB signaling. The hippocampal protein expressions of TLR4, p-p65, and

p65 (A) were measured by western blotting. The expressions were normalized to control (B,C). Three rats were used in each group. Mean ± SD. **p < 0.01, ***p <

0.001 compared to control. #p < 0.05, ##p < 0.01, and ###p < 0.001 compared to HINS.

as phenobarbital, phenytoin/fosphenytoin, and levetiracetam,
were compared. Lastly, future research should include in-
depth mechanisms of quercetin in reducing brain damage
in HINS.

CONCLUSION

Our findings demonstrated that quercetin administration
following HINS effectively attenuated later-life seizure
susceptibility in rats. In addition, quercetin downregulated
the levels of proinflammatory cytokines via suppressing
TLR4/NF-κB signaling pathway mechanistically. As a result,
quercetin alleviates susceptibility, anxiety-related behavior,
and cognitive impairment in later-life of rats following
HINS. Our data provide data to support that quercetin
could potentially act as an effective approach to prevent and
treat HINS.
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