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INTRODUCTION

Postoperative cognitive dysfunctions (POCD) are cogni-
tive disorders following anesthesia and surgery, which are 
common in older patients who already are subject to gradual 
loss of cognitive performance.1 POCD have the characteris-
tics including exacerbation in cognitive functions, progres-
sive hypomnesia, and personality alteration. Despite that an-
esthetics such as sevoflurane and propofol have been widely 
used in clinics as inhalation anesthetics for maintenance of 
general anesthesia, it has been revealed lately that anesthesia 
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is an important factor contributing to behavioral outcomes 
such as POCD in patients.2,3 With older patients, who are 
more susceptible to anesthesia-related cognitive impairment, 
representing an increasing proportion of patients undergo-
ing surgical procedures, it is critical to develop interventions 
that effectively protect from or mitigate detrimental effects of 
anesthesia.

Oxidative stress is deemed a significant factor in the patho-
physiology of a variety of cognitive disorders.4 Reactive oxy-
gen species (ROS) are thought of as an important player in 
the cognitive damage as excess ROS, which induce damages 
of cellular macromolecules, can harm cellular proteins, DNA, 
and lipids, thus disrupting normal physiological functions.5 
Strategies that alleviate oxidative stress are considered prom-
ising in treating cognitive decline and impairments in various 
clinical settings, including POCD.6

Pharmacologic interventions are the mainstay of antioxi-
dative stress treatments.7 One class of drugs are flavonoids, 
which are plant-derived polyphenolic compounds.8 Thus far, 
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several flavonoids have been reported efficacious in cognitive 
disorders. For example, hispidulin (4',5,7-trihydroxy-6-me-
thoxyflavone) was shown to have a protective role against 
sevoflurane-induced memory loss in aged rats.9 Nobiletin (5, 
6,7,8,3',4'-hexamethoxyflavone) was also reported to anes-
thesia-induced neurocognitive decline.10 Chrysin (5,7-dihy-
droxy flavones) is a naturally-occurring flavone found in 
flowers, honey, mushrooms, and propolis.11 The anxiolytic,12 
antioxidant,13 antidiabetogenic,14 anti-cancer,15 and antiestro-
genic16 properties of chrysin have been reported. For example, 
antiaging effect of chrysin has been investigated in d-galac-
tose-induced aging model in rats.13 The efficacies of chrysin to 
protect against cognitive, behavioral, and neurochemical chang-
es have been reported in a doxorubicin-induced model of Par-
kinson’s disease.17 The neuroprotective role of chrysin can also 
be manifested by that chrysin mitigate brain injury-induced 
cognitive decline.18 However, it is unknown whether chrysin 
can alleviate cognitive impairment caused by anesthesia.

Herein, the aim of the present work was to evaluate the ef-
fect of chrysin intervention against cognitive impairment in 
cognitively impaired aged rats induced by sevoflurane, as a 
model anesthetic agent. We focused on evaluating cognitive 
performance of rats with cognitive impairment and the effica-
cies of chrysin in alleviating the impairments. The present 
study also evaluates the reduction of oxidative stress exerted 
by chrysin, and explore how nuclear factor E2-related factor 2 
(Nrf2) signaling, a putative molecular pathway associated with 
oxidative stress in the brain,19 was affected by chrysin treat-
ment. The results of the study could help elucidate the poten-
tial of chrysin as a new biocompatible pharmacologic agent 
for alleviating POCD.

METHODS

Animals and treatment
The male aged standard deviation (SD) rats (18 months of 

age) were purchased from GemPharmatech (Nanjing, China). 
Male SD rats of 18-month old were treated with inhalation of 
3% sevoflurane (Sigma-Aldrich, St. Louis, MO, USA) for 2 h20 
to induce cognitive impairment. All animal experiments were 
performed in compliance to the regulations of Quanzhou First 
Hospital Affiliated to Fujian Medical University. Chrysin (Sig-
ma-Aldrich) dissolved in phosphate-buffered saline contain-
ing 3% (v/v) NaOH (0.01 M) was administered to the rats us-
ing the doses of 25, 50, and 100 mg/kg/day by oral gavage.21 
Cognitive and biochemical tests were performed on rats sev-
en days after treatments.

Novel object recognition test
The rats were fully habituated to the testing apparatus be-

fore experiments. The animals were firstly trained after being 
individually placed in the center of the apparatus, in which two 
identical objects were placed, one on each side. After a 4-min 
free exploration period, and staying in cages for another 2 h 
or 24 h, the rats were placed in the same apparatus and ex-
posed to a novel object in addition to a familiar object. The 
recognition index was calculated as the proportion of time 
spent with the novel object. Object location memory (OLM) 
task differed from the novel object recognition (NOR) in that 
spatial markers were made on the wall during OLM test to 
help the rats make spatial judgments. 

Elevated plus maze test
The elevated plus maze test was used to assess explorative 

behaviors and anxiety. Briefly, animals were allowed to ex-
plore the open and closed arms of a plus-shaped maze for 5 
min after being placed at the junction and facing close arms. 
The time ratio (RT) was defined as RT=TO/(TO+TC), where 
TO and TC represent the time spent in open arms and close 
arms, respectively. 

Morris water maze experiment
The water maze experiment was performed using previ-

ously described protocols.22 Briefly, rats were placed at four 
fixed entry points of a water pool (110 cm diameter) filled with 
opaque water and divided into four virtual quadrants: left, 
right, opposite, and target. The rats underwent 3 days of cued 
training, five days of acquisition training and a final probe 
trial. During the final probe trial, the trajectory and the time 
rats took to find a center circular platform (10 cm) were re-
corded and 1 min in total was allowed to find the center plat-
form. Water temperature was maintained at 20°C±2°C. Key 
parameters evaluated included escape latencies, the average 
swim speed, the number of platform site crossings, and the time 
in the target quadrant. After training and trial, the animals 
were kept warm using a heat lamp to prevent hypothermia 
until they dried. A tracking software (Stoelting Co., Wood 
Dale, IL, USA) was used to capture the trajectory of rats.

Evaluation of oxidative stress
Following behavioral tests, rats were euthanized by intra-

peritoneal injecting 150 mg/kg pentobarbital sodium and 
hippocampal tissues were rapidly collected and homogenized 
using 50 mM Tris–HCl (pH 7.4). After centrifuging the ho-
mogenate at 2,400g for 15 min at 4°C, supernatant was col-
lected for assays. Oxidative stress markers, including malo-
ndialdehyde (MDA), nicotinamide adenine dinucleotide 
phosphate (NADPH), 4-hydroxynonenal (HNE), and gluta-
thione (GSH) were analyzed as previously described.17
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Real-time polymerase chain reaction and 
Western blot analysis

Hippocampus tissues were also analyzed using real-time 
polymerase chain reaction and Western blot using proce-
dures as previously described.23,24 Primer sequences used in 
our study included: Nrf2: forward, GCGCAGACATTCCC 
GTTTGT, reverse, GCTCTCGATGTGACCGGGAA; heme 
oxygenase-1 (HO-1): forward, TGGTGGCGACAGTTGCT 
GTA, reverse, AAGGCCTTCCACCGGACAAA; NAD(P)
H:quinone oxidoreductase (NQO)-1: forward, CTACGATC 
CGCCCCCAACTT, reverse, CCTCTCTGCGTGGGC 
CAATA; glyceraldehyde-3-phosphate dehydrogenase (GAP-
DH): forward, GCTCCCTCTCTTTCTTTGCAGC, reverse, 
AGTTGTCATGGATGACCTTGGC. 

Statistical analysis
The values are presented as mean±SD. We performed nor-

mal distribution analysis for all the data in the behavioral ex-
periments using the Anderson-Darling test, D’Agostino & 
Pearson test, Shapiro-Wilk test, and Kolmogorov-Smirnov 
test, and the results showed that the data were satisfying the 
normal distribution. Because the SD values of each group were 

different, we used the the Brown-Forsythe ANOVA test was 
used to analyze differences between groups using Prism Graph-
Pad (GraphPad Software, San Diego, CA, USA), with post-hoc 
testing conducted using the Dunn’s multiple comparisons test 
or Tukey’s multiple comparisons test. p<0.05 were considered 
statistically significant.

Ethical Approval
All animal experiments were performed in compliance to 

the regulations of Quanzhou First Hospital Affiliated to Fuji-
an Medical University (approval number: QZYY-2019-k38). 
This study was performed in strict accordance with the NIH 
guidelines for the care and use of laboratory animals (8th 
edition, NIH).

RESULTS

Chrysin attenuated sevoflurane-induced anxiety-like 
behavior in aged rats

We constructed rat models of cognitive function impair-
ment using sevoflurane induction for 2 h, which were treated 
with varying doses of chrysin for seven days. After seven days, 
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Figure 1. Effects of chrysin on sevoflurane-induced anxiety in aged rats. (A) Chrysin decreased the time spent in center. (B) Chrysin in-
creased the time spent on the open arms and the time spent in the distal parts of the open arms (C) as well as total distance traveled (D). 
N=10 rats for each group. Brown-Forsythe ANOVA followed Dunn’s multiple comparisons test. *p<0.05; **p<0.01; ***p<0.001. Sev, sevoflu-
rane; Ch25, chrysin 25 mg/kg/day; Ch50, chrysin 50 mg/kg/day; Ch100, chrysin 100 mg/kg/day.
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the anxiety behaviors of rats were tested using the elevated 
plus maze (Figure 1), where the time spent in the center (Figure 
1A), open versus closed arms (RT, Figure 1B), distal open 
arms (Figure 1C), and total distance traveled (Figure 1D) 
were recorded. It was seen that sevoflurane anesthesia led to 
severe anxiety behavior in rats, elevated by increased time in 
center, and decreased TC, distal open arms, and total dis-
tance, but chrysin significantly improved anxiety in rats with 
a dose-dependent manner. No side effects of chrysin, gauged 
by body weight, aberrant behavior, etc., compared to the con-
trol group were observed.

Chrysin attenuated sevoflurane-induced cognitive 
impairments of aged rats

The spatial memory functions of the rats were also ana-
lyzed using the OLM task (Figure 2A and B) and NOR assays 
(Figure 2C and D). Our results indicated that sevoflurane an-
esthesia led to steep decline in the recognition indexes in NOR 
and OLM assays. But following continuous chrysin adminis-
tration for seven days, significantly restored spatial memory 
functions could be seen and the restoration effects of chrysin 

were dose-dependent.

Chrysin attenuated sevoflurane-induced memory 
impairments and spatial learning of aged rats

Water maze experiment was also further used to assess the 
memory function and spatial learning of rats. It can be seen 
that sevoflurane anesthesia resulted in increased escape laten-
cy (Figure 3A), decreased time in the target quadrant (Figure 
3C), and platform site crossings (Figure 3D), while average 
swim speed remained unchanged (Figure 3B). After treating 
with chrysin, significantly shortened escape latency, increased 
platform crossing, and time in the target quadrant, could be 
observed. Sevoflurane treatment also did not alter average 
swim speed. These data served as another supporting evidence 
that chrysin attenuates sevoflurane-induced spatial learning 
and memory impairments.

Chrysin attenuated sevoflurane-induced oxidative 
stress in hippocampus tissues

After treatment with chrysin for seven days, we harvested 
the hippocampus tissues of the rats and performed analysis of 

Figure 2. Effects of chrysin on sevoflurane anesthesia-induced cognitive impairments of aged rats, determined by novel object recognition 
(NOR) assay (A and B) and object location memory (OLM) task (C and D). The recognition index was calculated as the proportion of time with 
the target or novel object out of the total time. N=10 rats for each group. Brown-Forsythe ANOVA followed Dunn’s multiple comparisons test. 
*p<0.05; **p<0.01; ***p<0.001. Sev, sevoflurane; Ch25, chrysin 25 mg/kg/day; Ch50, chrysin 50 mg/kg/day; Ch100, chrysin 100 mg/kg/day.

100

80

60

40

20

0

100

80

60

40

20

0

100

80

60

40

20

0

100

80

60

40

20

0

Re
co

gn
iti

on
 in

de
x 

(%
)

Re
co

gn
iti

on
 in

de
x 

(%
)

Re
co

gn
iti

on
 in

de
x 

(%
)

Re
co

gn
iti

on
 in

de
x 

(%
)

Control

Control

ControlSev

Sev

SevSev+Ch25

Sev+Ch25

Sev+Ch25Sev+Ch50

Sev+Ch50

Sev+Ch50Sev+Ch100

Sev+Ch100 Control Sev Sev+Ch25 Sev+Ch50 Sev+Ch100

Sev+Ch100

***

*** ***

***

***

***

***
**

*

**

**

*
**

*

A  

C  

B  

D  

NOR-24 hNOR-2 h

OLM-2 h OLM-24 h



434  Psychiatry Investig  2023;20(5):430-438

Chrysin Attenuates Oxidative Stress

oxidative stress using markers including MDA, NADPH, 
HNE, and GSH levels (Figure 4). Our data showed that the 
oxidative stress was heightened after sevoflurane treatment 
evidenced by increased MDA (Figure 4A), NADPH (Figure 
4B), and HNE levels (Figure 4C), as well as lowered GSH lev-
els (Figure 4D). Meanwhile, chrysin was effective in attenuat-
ing oxidative stress in the hippocampal tissue of aged rats.

Chrysin activated Nrf2 signal in hippocampus after 
sevoflurane anesthesia

Given the ability of chrysin in regulating oxidative stress in 
aged rats undergone sevoflurane anesthesia, we next investi-
gated how chrysin affects Nrf2 signaling. Here we showed 
that downregulation of mRNA levels of Nrf2 (Figure 5A), 
HO-1 (Figure 5B), and NQO-1 (Figure 5C), which are key 
molecules in the Nrf signaling pathway, were prominent af-
ter sevoflurane treatment, suggesting suppressed Nrf2 signal-
ing. Chrysin treatment, however, restored the levels of Nrf2, 
HO-1, and NQO-1. Western blot (Figure 5D-G) was further 
used to confirmed the restoration of Nrf2, HO-1, and NQO-
1 on the protein level. Together, these findings suggested that 

chrysin activates Nrf2 signaling, which alleviates oxidative 
stress.

DISCUSSIONS

With surgery and anesthesia being inevitable medical pro-
cedures in certain elderly patients, POCD constitutes a signif-
icant risk of cognitive impairment, demanding effective treat-
ment strategies to fill the gap in post-surgery clinical management. 
Given the significant role of oxidative stress in the pathophys-
iological process of POCD, in the present study, we focused 
on an antioxidant, chrysin, to test its efficacies in alleviating 
sevoflurane-induced cognitive impairment in rat models. Our 
data suggested that chrysin is a potent naturally-occurring 
flavonoid that markedly improved cognitive performance of 
rats after exposing to sevoflurane anesthesia. The results 
echoed previous findings that showed the potential of chrys-
in for treating a number of cerebral/cognitive diseases.13,23,25 
For example, in animal models of dementia and neurodegen-
eration induced by decreased cerebral blood flow, chrysin has 
shown efficacies presumably due to its antioxidant properties.25 

Figure 3. Effects of chrysin on sevoflurane anesthesia-induced spatial learning and memory impairments of aged rats by Morris Water Maze 
test. The escape latencies (A) and the average swim speed (B) were recorded based on three training sessions. The time in the target quad-
rant (C) and the number of platform site crossings during 60 s of test (D) were recorded. N=10 rats for each group. Brown-Forsythe ANOVA 
followed Dunn’s multiple comparisons test. *p<0.05; **p<0.01; ***p<0.001. Sev, sevoflurane; Ch25, chrysin 25 mg/kg/day; Ch50, chrysin 50 
mg/kg/day; Ch100, chrysin 100 mg/kg/day.
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Further, it was found that chrysin adopts a protective role 
against oxidative stress-induced tissue damage in d-galactose-
induced aging rat models.13 Besides, chrysin was shown to im-
prove cognitive, behavioral, and neurochemical parameters 
in a mouse model of Parkinson’s disease.17 Using elevated plus 
maze test, NOR test, and water maze test, our study performed 
a comprehensive behavioral and cognitive evaluation of the 
efficacies of chrysin in alleviating anesthesia-induced cogni-
tive impairment in rats, for the first time showing that chrys-
in of potential clinical utility in POCD. It is worth noting that 
aged rages were chosen to make our study consistent with the 
fact that anesthesia related cognitive impairment is a com-
mon occurrence in elderly surgical patients. About a quarter 
of elderly patients greater than 60 years old have been report-
ed to have POCD a week after surgery, which persists for 3 
months or more in 10 % of these affected patients.1 

We attributed the efficacies of chrysin in alleviating cogni-
tive impairment to its role as an antioxidant. A number of pre-
vious studies have investigated the role of chrysin as a free rad-
ical scavenger and modulator of brain-derived neurotrophic 
factor production, which likely contributed to its effect in pre-

venting age-associated memory loss and progression of Par-
kinson’s disease.17,26 By evaluating oxidative stress in hippo-
campus, the cognitive central, at the tissue level, our study 
provided solid proof that chrysin indeed lowered oxidative 
stress. Further, Nrf signaling, which is a putative pathway as-
sociated with oxidative stress, has also shown to be activated 
by chrysin. In previous studies, a number of flavonoids have 
shown to activate Nrf signaling and our study expands our 
knowledge on the significance of chrysin as a Nrf activator, 
which could have implications in other neurological diseases, 
where Nrf is suppressed. It should also be noted that TLR4-
NF-kB(p65)-NLRP3 pathways, among other pathways, are 
also regulated by chrysin,27 and it is likely that the potency of 
chrysin in alleviating cognitive impairment stems from mul-
tiple mechanism.

Our study is limited in several aspects. First, sevoflurane is 
one of the anesthetic agents used clinically and it is worth 
testing the efficacy of chrysin in cognitive impairment mod-
els induced by other anesthetic agent. Moreover, the protec-
tive role of chrysin in POCD remains to be tested as the in-
take of chrysin before injury have been shown to prevent 
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Figure 4. Effects of chrysin on sevoflurane anesthesia-induced oxidative stress in hippocampus of aged rats. Levels of MDA (A), NADPH ox-
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cognitive impairments due to cerebral ischemia.18,22 The opti-
mal dose of chrysin and the routes of chrysin intake should 
also be optimized as systemic administration, such as intrave-
nous injection, could likely lead to higher bioavailability. Nov-
el delivery methods, such as chrysin transfersomal and com-
posite vesicles to facilitate chrysin’s nose-to-brain delivery,27 
are also worth exploring to maximize benefits for patients 

with POCD. Notably, we have now found that chrysin acti-
vated Nrf2 signal in hippocampus of aged rats after sevoflu-
rane anesthesia and was able to reduce oxidative stress, but it 
remains to be clarified whether other pathways contribute to 
the effect. Therefore, in future studies, we will explore other 
possible mechanisms which chrysin utilizes to improve cog-
nitive impairment in anesthesia-induced aged rats. For exam-
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Figure 5. Nrf2 signal in hippocampus of aged rats after sevoflurane anesthesia upon chrysin treatment. The levels of Nrf2 (A), HO-1 (B) and 
NQO-1 (C) mRNAs in hippocampus of aged rats after sevoflurane anesthesia were tested by RT-qPCR. (D) The protein levels of Nrf2, HO-1 
and NQO-1 in hippocampus of aged rats after sevoflurane anesthesia were measured using western blot. GAPDH was used as a loading con-
trol and the expressions were normalized to control (E-G). N=3 repeats for each group (10 tissue homogenates were mixed for each group). 
Brown-Forsythe ANOVA followed Dunn’s multiple comparisons test.*p<0.05; **p<0.01; ***p<0.001. Nrf2, nuclear factor E2-related factor 2; 
HO-1, heme oxygenase-1; NQO-1, NAD(P)H:quinone oxidoreductase-1; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; Sev, sevo-
flurane; Ch25, chrysin 25 mg/kg/day; Ch50, chrysin 50 mg/kg/day; Ch100, chrysin 100 mg/kg/day.
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ple, the roles of inflammatory response, autophagy, and mod-
ulation of the immune microenvironment are worth exploring. 
Meanwhile, Nrf2 inhibitors could be used on chrysin-treated 
animals to observe whether chrysin still has a protective ef-
fect after Nrf2 inhibition, thus verifying the key mechanisms 
of Nrf2 activation by chrysin.

In conclusion, by evaluating the efficacy of chrysin against 
sevoflurane-induced cognitive impairment in aged rats, we 
show that chrysin improved performance of impaired rats in 
elevated plus maze test, NOR test, and water maze test. On 
tissue level, chrysin reduces oxidative stress through the acti-
vation of Nrf signaling. Our data support further develop-
ment of chrysin as a pharmacologic intervention in clinical 
management of POCD.
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