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Abstract

anaesthetized with sevoflurane through NF-kB pathway.

proteins by Western blot.

Background: To investigate the role of IL-17A in the neuroinflammation and cognitive function of aged rats

Method: The aged and young adult rats were randomly divided into Control (inhale oxygen only), Sevoflurane
(inhale oxygen and sevoflurane), Sevo (Sevoflurane) + anti-IL-17A (injected with IL-17A antibody, inhale oxygen and
sevoflurane), and Sevo + NC groups (injected with IgG2a antibody, inhale oxygen and sevoflurane). Cognitive
function was evaluated by Morris water maze and contextual fear conditioning tests. Tumor necrosis factor (TNF)-a,
Interleukin (IL)-1B, IL-6 and monocyte chemoattractant protein (MCP)-1 expressions in the hippocampus of rats
were detected by ELISA (enzyme-linked immunosorbent assay) assay, and Nuclear factor (NF)-kB pathway-related

Results: Sevoflurane anaesthetized aged rats showed longer escape latency and swimming distance, fewer platform
crossing times, shortened stay time in the platform quadrant compared to Control rats; In addition, increased levels in
hippocampal expression of malondialdehyde (MDA), IL-17A, NF-kB p65, inducible nitric oxide synthase (iNOS) and COX-
2, as well as a reduced level of superoxide dismutase (SOD) were also observed in these animals. However, the
sevoflurane anesthetized aged rats treated with anti-IL-17A presented a completely opposite tendency concerning the
above factors (all P < 0.05). Nevertheless, there was no significant difference in the acquisition of learning or memory,
neuroinflammation and oxidative stress of young adult rats in all groups (all P> 0.05).

Conclusion: Anti-IL-17A may alleviate neuroinflammation and oxidative stress via inhibiting NF-kB pathway, thereby

attenuating post-operative cognitive dysfunction (POCD) in aged rats anaesthetized with sevoflurane.
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Background

Postoperative cognitive dysfunction (POCD) refers to pa-
tients’ significant reduction in mental activity, personality,
social activities and cognitive ability after anesthesia [1],
which directly affects the quality of patients’ life and poses
a great burden on patients’ family and the society [2]. Thus,
reducing the incidence rate of POCD is of great importance
for the clinical anesthesia and operation management. In
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recent years, anesthesia methods and the use of anesthetics
have been suggested to be closely related to the occurrence
of POCD [3]. Sevoflurane, as one of the most commonly
used inhalation anesthetics in clinical practice, may induce
mental retardation in children or trigger a higher incidence
of POCD in elderly patients, when it inhaled in high con-
centrations or for many times [4, 5]. Besides, previous evi-
dence has published that the major neurotoxicity of
sevoflurane included the accumulation of B-amyloid protein
(AP) [6], neuroinflammation [7], and reduction of synaptic
plasticity [8], which have been accepted as the physiological
basis of POCD in certain patients. At the same time,
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sevoflurane can stimulate the expression of inflammatory
factors (like TNF-a and IL-1pB) to induce neuroinflamma-
tion and neuronal damage, and thereby contributing to
POCD [9, 10].

As a new cytokine, IL-17A is the first identified mem-
ber belonging to the IL-17 family (IL-17A-F) [11], which
could induce the secretion of pro-inflammatory cyto-
kines, such as IL-1pB, IL-6, and TNF-a, to exacerbate in-
flammatory responses [12], thus participating in
numerous inflammatory-related diseases, including mul-
tiple sclerosis (MS) [13], cerebral ischemia [14], and
rheumatoid arthritis (RA) [15]. Specifically, the increased
expression of IL-17 and IL-22 receptors were observed
by Kebir H et al. in the blood-brain barrier endothelial
cells (BBB-ECs) from multiple sclerosis (MS) lesions,
whereas IL-17 receptor inhibitor significantly alleviated
the inflammation damage of central nervous system,
which suggested that the brain damage of MS patients
was related to the involvement of IL-17 [16]. Notably,
there possibly existed a similar pathological mechanism
between POCD and AD, indirectly implying an import-
ant role of IL-17A in POCD [17]. Additionally, NF-kB is
considered as a crucial downstream transcription factor
of the IL-17A signaling pathway [18], and NF-kB path-
way has been suggested to involve in many essential bio-
logical processes, such as immune inflammatory
response and cell apoptosis [19]. Moreover, 2% sevoflur-
ane inhalation for 5 h was found to activate the NF-«xB
pathway in aged rats, thereby promoting the production
of inflammatory factors, and affecting the learning and
memory of rats [20], which further highlighted the in-
volvement of NF-kB pathway in the pathogenesis of cog-
nitive impairment in rats induced by sevoflurane.

Hence, the objective of this study is undertaken to ex-
plore the possible role of IL-17A in the neuroinflamma-
tion and cognitive function of aged rats anesthetized
with sevoflurane via NF-kB pathway, thereby providing a
novel strategy for the prevention and treatment of cogni-
tive dysfunction.

Methods

Ethics statement

All experimental procedures for animals were approved
by the Institutional Animal Care and Use Committee of
the First People’s Hospital of Jining city and comply with
the Guide for the Care and Use of Laboratory Animals
published by the National Institutes of Health (NIH
Publication No. 85-23, revised 1996) [21].

Establishment and grouping of model rats with
sevoflurane-induced cognitive dysfunction

A total of 96 healthy male Wistar aged rats (aged: 18—
20 months; weighing: 500-700 g) and 96 young adult rats
(aged: 2—3 months; weighing: 180-230 g) purchased from
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Shanghai Laboratory Animal Research Center of the
Chinese Academy of Sciences, were randomly divided into
four groups respectively: Control group, Sevoflurane
group, Sevo (Sevoflurane) + anti-IL-17A group and Sevo +
NC group (n = 24 per each group). One week before sevo-
flurane induction, rats in each group performed Morris
water maze task training. Rats in the Control group con-
tinuously inhaled 30% O2-enriched air, while rats in Sevo-
flurane group inhaled 3.6% sevoflurane (No. H20110714,
Maruishi, Japan) along with 30% O2 for 6 h. Notably, rats
in the Sevo + anti-IL-17A group and Sevo + NC group
were injected intravenously with 1 pg/kg of IL-17A anti-
body (R&D Systems, Minneapolis, MN, USA) and IgG2a
antibody (Abcam,Cambridge, UK) separately, and one
hour later, they continuously inhaled 3.6% sevoflurane
with 30% O2 for 6 h. Twenty-four hours after anesthesia
with sevoflurane inhalation, 8 rats were randomly selected
from each group were killed by decapitation and the rat
brain was quickly dissected. Then the hippocampus was
quickly removed and homogenized in 100 mg/ml RIPA
Lysis Buffer (Shenergy Biocolor Co., China) with 1% (v/v)
PMSEF (Shenergy Biocolor Co., China). The homogenate
was centrifuged at 13 000 g for 20 min at 4 °C, and the
supernatant was separated and stored at - 80 °C for fur-
ther use. The other resting 16 rats in each group were not
sacrificed and randomly used to conduct the Morris water
maze test (n = 8) and Fear conditioning test (n = 8).

Morris water maze test

The cognitive function of rats in each group were evalu-
ated by using the Morris water maze test 24 h after
anesthesia, which lasted for the first four days on place
navigation test, and the fifth day on a spatial probe test.
Rats were released into the water facing the wall from
desired start point of the pool, and the time required to
find the fixed platform (escape latency) was recorded.
Rats should be kept on the platform for 30 s. If they
failed to find the platform in 90 s, they should be led to
the platform and stay there for 30 s. On the fifth day,
the platform was taken out of the water, and rats were
placed into the water from the former location. Then,
the platform crossing times and the stay time in the plat-
form quadrant were recorded.

Fear conditioning test

Based on the procedures in a previous study [22], fear
conditioning (FC) system was applied for the contextual
fear conditioning memory test. One day before oper-
ation, rats were received the tone cued conditioning
training. Next, rats were placed in experimental box for
2 min of adaption before giving them a continuous
70 dB sonic stimulation for 20 s (conditioned stimulus).
Rats were given 0.7 mA foot shock for 2 s (uncondi-
tioned stimulus) 25 s after sonic stimulation. The
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procedures were repeated for six times at the interval of
60 s and the percentage of freezing time was recorded.
On the 1st, 3rd and 7th day after anesthesia, the fear
conditioning memory test was performed. In the con-
textual test, rats were placed in the box completely the
same as the environment where they received electric
shock, but they were not given sound and electric shock
there. The percentage of time spent freezing (within
5 min) was recorded. In the tone cued test, the wall-
paper in the conditional reaction box was replaced to
change the environment. Then, rats were placed in there
for 2 min of adaption and given continuous 70 dB sonic
stimulation for 300 s, without electric shock. The per-
centage of time spent freezing should also be recorded.

ELISA (enzyme-linked immunosorbent assay) assay

The hippocampal tissues (30 mg) were obtained from
rats in each group, made into 10% hippocampal hom-
ogenate with normal saline, and centrifuged for 15 min
at the rate of 5000 rpm. Then, the supernatant was col-
lected and the ELISA kits (Wuhan Boster Biological
Technology., LTD) were employed to detect the levels of
TNE-a, IL-1f, IL-6 and MCP-1 in hippocampal tissues
of rats. The contents of MDA and SOD in the hippo-
campus were measured by following the instructions on
the ELISA Kits.

Western blot

The hippocampal tissues (20 mg) were mixed with 100—
200 pl lysate, homogenized by a glass homogenizer, and
centrifugated for 15 min at 12000 rpm. After collecting
the supernatant, Sodium dodecyl sulphate-polyacrylamide
gel electrophoresis (SDS-PAGE) was performed to separ-
ate proteins, which were transferred to the nitrocellulose
membrane and blocked in 5% skim milk-PBS solution for
1 h at room temperature. Subsequently, primary anti-
bodies were added for overnight incubation at 4 °C, in-
cluding NF-xB p65 antibody (ab207297), iNOS antibody
(ab15323), COX-2 antibody (ab15191), and IL-17A anti-
body (ab9056) (all diluted in 1:1000, Abcam). After the
membrane rinsed with PBS buffer for three times, the sec-
ondary antibody crosslinked with HRP was added for 1 h
of incubation at room temperature. At last, the membrane
was washed with PBS buffer and enhanced chemilumines-
cence method was used for visualization. With B-actin as
the internal reference protein, the gray value ratio of target
band to reference band was regarded as the relative ex-
pression level of proteins.

Statistical method

Statistical analysis was conducted by using the software
SPSS 21.0. Measurement data were presented by mean
+ standard deviation (X + s). Differences between two
groups were compared by using the Student’s t-test.
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One-Way ANOVA was used to analyze statistical differ-
ences among multiple groups and Tukey’s HSD test was
used for post hoc testing. P<0.05 indicated the statis-
tical significance.

Results

Anti-IL-17A alleviated the cognitive impairment of
sevoflurane-anaesthetized rats

As shown in Fig. 1, the ANOVA with Tukey’s HSD post
hoc analysis demonstrated that exposure to sevoflurane
in aged rats (Fig. la-d) enhanced escape latency (F=
116.4, P<0.001) and swimming distance (F = 56.65, P <
0.001), decreased platform crossing times (F =41.65, P <
0.001), and shortened stay time in the platform quadrant
(F=39.54, P<0.0001). In addition, aged rats in the Sevo
+ NC group showed no significant difference in those
indexes by comparison with in the Sevoflurane group
(all P>0.05), but anti-IL-17A reduced the escape latency
and swimming distance, and increased platform crossing
times and stay time in the platform quadrant in
sevoflurane-anaesthetized rats (all P < 0.05), showing that
anti-IL-17A could alleviate the cognitive impairment of
aged rats after anesthesia with sevoflurane. Additionally,
no significant difference was found in the escape latency
(F=0.775, P=0.516), swimming distance (F=2.148, P=
0.098), platform crossing times (F = 1.839, P =0.163) and
stay time in the platform quadrant (F=0.531, P = 0.665)
among groups of young adult rats (Fig. le-h).

Comparison of fear conditioning memory test in rats

In both contextual (F=139.3, P<0.001) and tone cued
fear conditioning sessions (F=178.1, P<0.001), signifi-
cant differences among groups of aged rats were ob-
served as displayed in Fig. 2a, b. The post hoc analysis
showed that the aged rat in Sevoflurane group was sig-
nificantly lower in the percentage of freezing time during
contextual test and tone cued test on the 1st, 3rd and
7th day when compared to those in Control group (all P
<0.05). On the contrary, the aged rats in the Sevo +
anti-IL-17A group had markedly higher percentage of
freezing time in contextual test and tone cued test on
the 1st, 3rd and 7th day after anesthesia than those in
the Sevoflurane group (all P< 0.05), but there was no
significant difference between the aged rats in Sevoflur-
ane group and Sevo + NC group (all P> 0.05). Sevoflur-
ane treatment had no effects on the percentage of
freezing time during contextual test (F=0.3007, P=
0.825) and tone cued test (F=0.935, P =0.428) in young
adult rats as measured by ANOVA analysis (Fig. 1c, d).

Levels of inflammatory factors of rats in each group

The ANOVA with Tukey’s HSD post hoc analysis shown
that the levels of inflammatory factors, including TNF-a (F
=2824, P<0.001), IL-1B (F=199.2, P<0.001), IL-6 (F=
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169.9, P <0.001) and MCP-1 (F=172.4, P <0.001) were re-
markably increased in the hippocampus of aged rats in the
Sevoflurane group as compared with the Control group
(Fig. 3a). At the same time, compared with those in the
Sevoflurane group, the aged rats in the Sevo + NC group
showed no significant difference in the above inflammatory
factors (all P>0.05), whereas those in the Sevo +
anti-IL-17A group had apparently reduced levels of TNF-a,
IL-1B, IL-6 and MCP-1 (all P<0.05). Nevertheless, there

was no significant difference in the levels of TNF-a (F=
1.768, P=0.176), IL-1p (F=0.653, P=0.588), IL-6 (F=
0.591, P=0.626) and MCP-1 (F=2.133, P=0.118) among
the four groups of young adult rats (Fig. 3b).

Comparison of contents of MDA and SOD in the
hippocampus of rats in each group

We found significant group differences of aged rats in the
MDA (F =231.3, P<0.001) and SOD content (F = 63.15, P
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<0.001) as illustrated in Fig. 4a. For all of these main ef-
fects, post hoc analyses revealed that exposure to sevoflur-
ane in aged rats resulted in increased MDA content and
decreased SOD content as compared to Control group (all
P <0.05). However, the decreased MDA content and in-
creased SOD content were observed in the hippocampus of
aged rats in the Sevo + anti-IL-17A group as compared to
Sevoflurane group (all P < 0.05), and no statistical difference
was found between the Sevoflurane group and the Sevo +
NC group in the hippocampal MDA and SOD contents (all
P> 0.05). There was no significant difference in the MDA
(F=1.192, P=0.331) and SOD (F=0.142, P=0.934) con-
tents of young adult rats in all groups (Fig. 4b).

Expression of IL-17A and NF-kB pathway-related proteins
of rats in each group

The ANOVA with Tukey’s HSD post hoc analysis indi-
cated that the protein expressions of IL-17A (F=186.5,
P <0.001), NF-kB p65 (F=167.7, P<0.001), iNOS (F=
237.3, P<0.001) and COX-2 (F=168.8, P<0.001) in-
creased statistically in the hippocampus of aged rats in
the Sevoflurane group. Besides, no statistical difference
in these proteins was observed between the aged rats in
Sevoflurane group and Sevo + NC group (all P> 0.05),
but the aged rats in the Sevo + anti-IL-17A group had
decreased expressions of IL-17A, NF-«xB p65, iNOS and
COX-2 when compared to Sevoflurane group (all P<
0.05, Fig. 5a). There was no significant difference in the
protein expressions of NF-kB p65 (F =1.900, P = 0.1526),

iNOS (F=2.384, P=0.091) and COX-2 (F=2.630, P=
0.070) of young adult rats in all groups. However, the
ANOVA analysis shown the protein expressions of
IL-17A  was significantly reduced in the Sevo +
anti-IL-17A group (F=38.19, P < 0.001, Fig. 5b).

Discussion

As reported, the Morris water maze test is widely applied
in behavioral performance to evaluate spatial learning and
memory ability in mazes on animals, which has been exten-
sively used in the investigation of the related neurocognitive
disorders [23]. To be specific, the place navigation test
shown as an elevation in escape latency indicate the decline
in the cognitive ability of spatial memory [24], while the in-
creased platform crossing times and target-quadrant stay
time reflect better-consolidated spatial information ability
in general proficiency and strategies use [25]. In addition,
the fear conditioning memory model has gradually become
an important leading behavioral model for studying the
neurobiological mechanism of learning and memory owing
to its relatively accurate and stable text results [26, 27]. As
such, we evaluated the cognitive function of rats by the
Morris water maze test and fear conditioning memory test,
and the aged rats induced by using 3.6% sevoflurane for 6 h
presented the prolonged escape latency and swimming dis-
tance, decreased platform crossing times and the percent-
age of stay time on the target-quadrant, as well as the
reduced percentage of time spent freezing in the fear mem-
ory test, indicating that inhalation of 3.6% sevoflurane for
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6 h can induce cognitive impairment in aged rats. Hu et al.
in his study also found the similar concentration of sevo-
flurane could disrupt the integrity of blood-brain barrier of
aged rats to induce cognitive impairment [28]. Notably,
there was evidence showing that desflurane anesthesia was
dependent on dose, which resulted in significant impair-
ment of acquisition learning and memory of aged rats with
the higher dose of 3.6% desflurane exposure [29]. But 4 h of
2.4% sevoflurane exposure did not impair acquisition learn-
ing and retention memory in both young adult and aged
rats in the study by Callaway JK et al. [30]. However, the
cognitive function of young adult rats was not influenced
by sevoflurane exposure in our observations, which was
consistent with the findings of Callaway JK and the col-
league. Furthermore, sevoflurane did not significantly in-
crease hepatic injury in the young male rats, but caused
more hepatic injury in old rats, as illustrated by Arslan M
et al. [31]. Thus, we may suggest that the effect of sevoflur-
ane anesthesia on acquisition learning or memory in rats
are age and dose dependent. Besides, the normal function
of hippocampus has been reported to be necessary for the
formation and retrieval of memory in aversive conditioning
such as contextual fear conditioning [32]. While the deficits
observed in contextual freezing may be due to hippocampal
deficits, and the amygdala impairment can be responsible
for disrupting freezing responses to tone cues [33]. In our
study, the aged and young adult rats were also to have a de-
creased freezing to both contextual and tone conditioning
over time (1d, 3d, and 7d). Most importantly, the altered
hippocampus functioning in rats was confirmed in the pas-
sive avoidance test where the consolidation of contextual
fear memories appeared to be time-limited [34]. Similar to
consolidation, reconsolidation also requires new protein
synthesis and has a limited time window of approximately
several hours after memory reactivation [35]. Altogether,
these findings point out the possibility that, the decreased
freezing over time may depend on the extinction of mem-
ory in rats on the 3rd and 7th day in the fear conditioning.

More importantly, anti-IL-17A treatment significantly
improved results in the Morris water maze test and the
fear memory test in the anesthetized aged rats. There
was also evidence revealed that blocking IL-17 can re-
duce the cognitive impairment caused by surgical
trauma-induced inflammation via regulation of TGEF-f/
Smad pathway and the expression of AB1-42 [36], sug-
gesting that anti-IL-17A treatment can significantly alle-
viate the cognitive function of aged rats anesthetized
with sevoflurane.

Besides, we also detected the indicators related to oxi-
dative stress and inflammatory factors in rats, probably
since the induction of POCD by sevoflurane has close
relations with the increased oxidative stress and inflam-
matory factors in the central nervous system, such as
TNF-a and IL-1P [37]. As shown by the results in our

Page 7 of 9

study, the levels of inflammatory factors (TNF-a, IL-1p,
IL-6 and MCP-1) of aged rats were remarkably elevated
in sevoflurane-anesthetized rats, with the increased
MDA and reduced SOD content. Nevertheless, exposure
to sevoflurane had no significant effect on any of the
levels of inflammatory factors, as well as MDA and SOD
content in young adult rats. As previously demonstrated,
the immune inflammatory response in the central ner-
vous system is mainly mediated by activated glial cells
and the release of inflammatory mediators [38]. Specific-
ally, activated glial cells could secrete a large amount of
pro-inflammatory factors, like IL-1p, TNF-a and IL-6, and
in turn, IL-1p could bind to receptors on the membrane to
further activate glial cells and release more cytokines, which
constituted a positive feedback of inflammation cascade re-
action to accelerate AP deposition and neuronal apoptosis,
thereby inducing neurotoxicity and cognitive dysfunction
[10, 39, 40]. In agreement, Lu et al. also showed A protein
accumulation and increased inflammatory mediators in the
central nervous system in neonatal mice after the sevoflur-
ane anesthesia [41]. On the other hand, oxidative stress,
mainly induced by free radicals and disrupted oxidative
defense system, is considered as an important pathophysio-
logical basis of various aging-related degenerative diseases,
since superoxide radicals produced during this process
could cause damage to the brain tissues and promote the
aging and death of brain cells [42, 43]. Of note, MDA levels
could reflect the degree and severity of cellular injury [44],
while SOD, a scavenger of superoxide, presented the anti-
oxidant capacity [45]. In this study, anti-IL-17A treatment
resulted in the reduced levels of inflammatory factors and
inhibited oxidative stress, suggesting that anti-IL-17A may
improve the cognitive function of anesthetized aged rats by
reducing neuroinflammation and oxidative stress.
Furthermore, the expression of downstream NF-kB sig-
naling pathway of IL-17A was determined in our research.
As a consequence, the expression levels of IL-17A, NF-kB
p65, iNOS and COX-2 increased significantly in the hippo-
campus of rats in the Sevoflurane-induced aged rats, but
not in young adult rats. The up-regulation of NF-kB and
IL-6 was also measured by Zhang et al. in glial cells after
anesthesia with isoflurane and sevoflurane, which was very
likely to be related to the learning and cognitive function
after anesthesia [7], but declined statistically after the treat-
ment with anti-IL-17A, suggesting that anti-IL-17A can in-
hibit NF-kB pathway in the hippocampal tissues of
anesthetized aged rats. Another precious study has stated
that IL-17 can promote the binding of Actl (an activator of
NF-«B) and IL-17R via the interaction of SEFIR-SEFIR do-
mains, to induce the activation of downstream signal
NF-«B [46]. When nerve tissues damaged, IkB kinase (IKK)
would be activated to induce phosphorylation of IkB, and
then NF-«kB dimers would enter the cell to recognize pro-
moters of IL-6 and TNF-a, promote transcription of
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inflammatory factors, ultimately activating the inflamma-
tory reaction [47, 48]. Apart from that, ROS produced dur-
ing oxidative stress can inhibit the release of IkB and
activate NF-«B, thereby inducing the transcription of down-
stream cytokines iNOS and COX-2 [49, 50]. Meanwhile,
the activated iNOS could produce the synthesis of a large
number of NO, which would be toxic to neural cells and
cause cell death [51, 52]. Consistent with our study, IL-17A
can activate NF-kB and P13K/Akt signal transduction path-
ways in Hwang et al’s experiment, to induce the production
of IL-6 and IL-8 by synovial fibroblasts in RA patients [53].
Moreover, anti-IL-17 significantly reduced the expression
of NF-«B in asthmatic mice, contributing to inhibition of
the expression of inflammatory factors, the remodeling of
extracellular matrix, and oxidative stress [54]. Interestingly,
our study found that anti-IL-17A in the young rats de-
creased IL-17A but did not affect the expression levels of
NE-«kB, iNOS and COX-2, which may be attributed to the
differences in NF-kB pathway levels between aged rats and
young adult rats when exposed to sevoflurane. In particular,
anti-IL-17A  might decrease NF-kB pathway levels in
sevoflurane-treated aged rats to a level sufficient to restore
normal function, but did not change the expressions of
sevoflurane-treated young adult rats which had originally
normal levels of NF-«kB pathway.

Conclusions

In sum, we come to a conclusion that anti-IL-17A treat-
ment may improve neuroinflammation and oxidative
stress by inactivation of NF-kB pathway, eventually alle-
viating cognitive impairment of aged rats with sevoflur-
ane anesthesia.
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