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Abstract
Background ‒ Due to high rates of incidence and dis-
ability, postoperative cognitive dysfunction (POCD) cur-
rently receives a lot of clinical attention. Disturbance of
fatty acid oxidation is a potential pathophysiological man-
ifestation underlying POCD. Peroxisome proliferator-acti-
vated receptor α (PPARα) is a significant transcription
factor of fatty acid oxidation that facilitates the transfer
of fatty acids into the mitochondria for oxidation. The

potential role of PPARα intervention in POCD warrants
consideration.
Objective ‒ The present study is aimed to investigate
whether PPARα agonist fenofibrate (FF) could protect long-
term isoflurane anesthesia-induced POCD model and to
explore the potential underlying function of fatty acid oxi-
dation in the process.
Methods ‒ We established the POCD model via 6 h long-
term isoflurane anesthesia in vivo with C57BL/6J mice and
in vitro with N2a cells. Cells and mice were pretreated with
PPARα agonist FF before anesthesia, after which fatty acid
oxidation and cognitive function were assessed. The level
of fatty acid oxidation-related proteins was determined
using western blotting. The contextual fear conditioning
test was utilized to evaluate mice’s learning and memory.
Results ‒ Our results showed that 6 h long-term isoflurane
anesthesia induced contextual memory damage in mice,
accompanied by decreases of fatty acid oxidation-related
proteins (peroxisome proliferator-activated receptor γ coac-
tivator 1α, carnitine palmitoyltransferase 1A, and PPARα)
both in the hippocampus of POCD mice and in N2a cells.
In the N2a cell model, pretreatment of PPARα agonist FF
led to the upregulation of fatty acid oxidation-related pro-
teins. In vivo results showed that preconditioned FF reached
similar effects. More crucially, FF has been shown to reduce
cognitive damage inmice after long-term isoflurane anesthesia.
Additionally, our data showed that after blocking fatty acid
oxidation by Etomoxir, FF failed to protect cognitive function
from long-term isoflurane anesthesia.
Conclusions ‒ Pretreatment of PPARα agonist FF can pro-
tect against long-term isoflurane anesthesia-induced POCD
by enhancing fatty acid oxidation.
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1 Introduction

Postoperative cognitive dysfunction (POCD) is a common
neurological complication characterized bymemory impair-
ments and personality changes following anesthesia and
surgery. Most studies concerning the mechanisms of POCD
have focused on inflammatory response, metabolic distur-
bance, oxidative stress, etc. [1]. The metabolic syndrome is a
typical metabolic disorder and its pathophysiology is largely
attributable to insulin resistance [2]. Consistently, previous
studies in our laboratory have shown that long-term iso-
flurane exposure induced peripheral and central insulin
resistance in adult mice [3,4]. It is generally recognized that
the development of these pathologies is associated with dis-
orders of lipid metabolism [5]. Particularly, both animal
experiments and clinical studies suggest that anesthesia and
surgery can disrupt normal lipid metabolism processes [6,7].
Fatty acid oxidation is an important process for maintaining
brain lipid metabolism homeostasis and represents up to 20%
of brain oxidative energy production [8]. It is a complex pro-
cess regulated by multiple genes, among which peroxisome
proliferator-activated receptor (PPAR) is a crucial transcrip-
tion factor that facilitates the transfer of fatty acids into the
mitochondria for oxidation, containing three different iso-
forms (PPARα, PPARβ/δ, and PPARγ).

Roy et al. showed that PPARα-deficient but normal
PPARβ or PPARγ hippocampal neurons had decreased cal-
cium inflow and the expression of various synaptic plasti-
city-related molecules was low [9]. PPARα, the first member
of the PPAR family to be cloned, is distributed in multiple
brain regions in adults and rodents, including the thalamus,
hypothalamus, hippocampus, basal ganglia, etc. [10]. PPARα
can be activated by many ligands, including endogenous
fatty acids and exogenous peroxisome proliferators [11]. Recent
studies demonstrate that activation of PPARα has a variety of
pharmacological effects on the central nervous system such
as maintaining hippocampal neurogenesis and preventing
memory impairment caused by global cerebral ischemia in
rats, and the neuroprotective effect on Alzheimer’s disease
(AD) and Parkinson’s disease (PD) [12,13].

Our study focused on whether the fatty acid oxidation
process was involved in the isoflurane-induced POCD and
showed the effect of increased PPARα levels on fatty acid
oxidation and cognitive function. We administered PPARα
agonist fenofibrate (FF) to mice as pharmacological inter-
vention. As a lipid-lowering agent, FF is a fibric acid deri-
vative that has been widely used for the treatment of

dyslipidemia in the clinic [14,15]. The PPARα agonist FF pretreat-
ment improved disorders of fatty acid oxidation and cognitive
function in POCD mice.

2 Materials and methods

2.1 Animals

All animal experiments were performed with the approval
of the Laboratory Animal Ethics Committee of Drum Tower
Hospital, and all experimental procedures complied with
the ARRIVE guidelines and were conducted according to
the EU Directive 2010/63/EU for animal experiments. In this
study, 8-week-old male C57BL/6J mice weighing 20–22 g
were used. We tried our best efforts to minimize the
number of mice. All animals adapted for at least 3 weeks,
with a 12 h light/dark cycle (light on at 8:00 and light off at
20:00) and appropriate room temperature (23 ± 1°C). The
animals were supplied with freely available food and
water.

2.2 Drug treatment

Sodium carboxymethyl cellulose (CMC, 1%) (Selleckchem,
USA) was prepared with saline. FF (Sigma, USA) was dis-
solved in 1% CMC to obtain 75, 150, and 300mg/kg FF solu-
tions. Mice randomized for FF pretreatment were injected
0.01 mL FF solution per gram intragastrically 30 min before
anesthesia. The mice in the Con group and the Ane group
were administered with the same volume of 1% CMC. Due
to its solubilization property and stability, CMC solution is
used to dissolve poorly soluble medicines or deliver med-
icines as a pharmaceutical carrier [16]. Also, our preli-
minary experiments have shown that 1% CMC did not impact
mice’s cognitive disorders induced by isoflurane. ETO solu-
tion (25mg/kg) was prepared using a 37°C water bath heating
to dissolve FF with saline. We injected 0.01mL/g intragastri-
cally for 3 days before anesthesia.

2.3 General anesthesia

Mice were put in Plexiglass chambers prefilled with 5%
isoflurane (Tocris, 9A/180370) in 100% oxygen (2–3 L/min)
for induction. They were maintained under a mixture of
1.3% isoflurane and 100% oxygen. The anesthesia operation
lasted 6 h. During the whole procedure, the inspiratory
concentration of isoflurane and the respiratory activity
of mice were monitored automatically or manually.
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2.4 Fear conditioning test

Panlab Fear Conditioning System (Harvard Apparatus,
Spain) was used to conduct the contextual fear conditioning
test. During the training phase, mice were positioned in
the chamber and were allowed to explore freely for 3min,
followed by a 30 s pulsing tone (80 dB, 2,000 Hz) and a 2 s
mild foot shock (0.75mA). Then, the mice remained in the
chamber for 1.5 min. After 24 h, mice were positioned in
the same chamber for 5min without sound or shock for
the contextual memory test. Throughout the test, Packwin
2.0 software was used to record the mice’s freezing behavior
continually. The mice’s freezing behavior, an absolutely
immovable posture except for breathing, was transformed
to the percentage of freezing time to evaluate their learning
and memory.

2.5 Cell culturing

Mouse neuroblastoma cells (N2a cells) were plated on 24
tissue culture well plates (Falcon, country) at 200,000 cells/
well for 48 h in the tissue culture medium (Dulbecco’s mod-
ified Eagle’s medium [Thermo Fisher Scientific, Australia],
10% fetal bovine serum [Gibco, Fisher Scientific, Australia],
and 1% penicillin/streptomycin [Sigma, USA]) at 37°C in 5%
CO2 until optimum growth, and adhesion to the surface of
the plates were observed. The medium was changed daily.
After 48 h, cells were then trypsin-removed from the plates,
centrifuged at 800 rpm for 5min, and lysed with NP-40 lysis
buffer (150mM NaCl, 1.0% Nonidet P-40 and Triton X-100,
50mM Tris-HCl; the pH was adjusted to 7.4) with the addi-
tion of an AEBSF protease inhibitor (Sigma, USA) and stored
at −80°C until further use.

2.6 Western blot (WB)

To measure fatty acid oxidation-related protein levels (per-
oxisome proliferator-activated receptor γ coactivator 1α
[PGC1α], carnitine palmitoyltransferase 1A [CPT1A], and
PPARα), WB was performed. All mice were killed promptly
following the behavioral test. The mice’s hippocampus was
isolated and the tissue was stored at −80°C. In brief, the
hippocampus tissue was washed and the surface water
was dried. Then, it was homogenized in cold RIPA lysis
buffer (Beyotime, China) with proteinase and phosphatase
inhibitors (EMD Millipore, USA) and centrifuged to obtain
protein supernatants. The total amount of protein was deter-
mined by the BCA protein method (Beyotime, China). The

same amount of protein (40 μg) was loaded into each lane of
10% SDS-PAGE gel, separated by electrophoresis. Subsequently,
the proteins were transferred to the polyvinylidene fluoride
membrane (EMD Millipore, USA). After that, the membrane
was blocked with 5% (w/v) milk for 1 h. The membranes
were incubated with primary antibodies against PGC1α
(Proteintech, USA), CPT1A (Proteintech, USA), PPARα
(Proteintech, USA), β-actin (Abcam, USA), and GAPDH
(Abcam, USA) for 1 h, followed by HRP-conjugated sec-
ondary antibodies (Elabscience, USA).

2.7 Statistical analyses

All data were expressed as mean ± SD (standard deviation).
Statistical analyses of both cognitive behavioral tests and
WBs were conducted by t-test or one-way ANOVA followed
by Bonferroni post hoc tests using SPSS 17.0 software.
Significance was defined when P < 0.05.

Ethical approval: The research related to animals’ use has
been complied with all the relevant national regulations
and institutional policies for the care and use of animals.
All animal experiments were performed with the approval
of the Laboratory Animal Ethics Committee of Drum Tower
Hospital, and all experimental procedures complied with
the ARRIVE guidelines and were conducted according to
the EU Directive 2010/63/EU for animal experiments.

3 Results

3.1 Effects of long-term isoflurane
anesthesia on contextual memory and
fatty acid oxidation-related proteins
in mice

The animal model of POCD in C57BL/6J mice was estab-
lished through 6 h isoflurane anesthesia-induced cognitive
impairment. As shown in Figure 1a–c, we used a fear con-
ditioning test to evaluate changes in cognitive function
in POCD mice. In the contextual fear conditioning test,
the percentage of freezing time of mice after anesthesia
decreased remarkably on Day 1 (aP = 0.006), Day 3 (aP =

0.002), and Day 7 (aP = 0.002) compared with the Con group.
Meanwhile, to test the effects on the fatty acid oxidation
pathway in POCD mice, the levels of fatty acid oxidation-
related proteins PGC1α, CPT1A, and PPARα in the hippo-
campus of mice were measured using WB. Compared
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with the Con group, the protein levels of PGC1α (aP = 0.019),
CPT1A (aP = 0.010), and PPARα (aP = 0.020) in the hippo-
campus of the Ane group were significantly reduced after
anesthesia (Figure 1d and e).

3.2 Effects of isoflurane and FF treatment on
the fatty acid oxidation-related proteins
in N2a cells

Compared with the Con group, PGC1α, CPT1A, and PPARα
protein expression levels were significantly decreased after
1.3% isoflurane intervention for 6 and 8 h rather than 2 and
4 h isoflurane exposure (Figure 2a and b: PGC1α: aP (Ane 6 h) =
0.029, aP (Ane 8 h) = 0.003, bP (Ane 8 h) = 0.043; CPT1A: aP (Ane
6 h) = 0.021, aP (Ane 8 h) = 0.005, bP (Ane 6 h) = 0.011, bP (Ane
8 h) = 0.003, cP (Ane 6 h) = 0.008, cP (Ane 8 h)= 0.002; PPARα: aP
(Ane 6 h) = 0.012, aP (Ane 8 h) = 0.014). After that, 6 h isoflurane
exposure was selected to establish a prolonged anesthesia cell
model for the following in vitro experiments.

To verify the effect of PPARα agonist FF pretreatment
on fatty acid oxidation-related proteins in the prolonged
anesthesia cell model, N2a cells were pretreated with 10
and 20 μM FF 30min before anesthesia. Compared with the
Con group, the protein expression levels of PGC1α (aP =

0.028), CPT1A (aP = 0.001), and PPARα (aP = 0.020) in the

Ane group were significantly decreased (Figure 2c and d),
and the protein expression levels of CPT1A (aP = 0.006) in
the FF 10 + Ane group were also significantly decreased
(Figure 2c and d). Compared with the Ane group, the pro-
tein expressions of PGC1α (bP = 0.039), CPT1A (bP = 0.033),
and PPARα (bP = 0.047) in the FF 20 + Ane group were
significantly increased (Figure 2c and d).

3.3 Effects of PPARα agonist FF on the fatty
acid oxidation-related proteins in mice
after long-term isoflurane anesthesia

Based on the results of in vitro experiments, we next
explore whether FF upregulates the fatty acid oxidation
pathway in vivo after long-term isoflurane anesthesia. The
mice were given 75, 150, and 300mg/kg FF 30min before 6 h
isoflurane anesthesia, and the levels of fatty acid oxidation-
related proteins PGC1α, CPT1A, and PPARα in the hippo-
campus of mice on Days 1, 3, and 7 were measured using
WB (Figure 3). Compared with the Ane group, the protein
levels of PGC1α, CPT1A, and PPARα in the hippocampus of
the FF 75 + Ane group, the FF 150 + Ane group, and the FF
300 + Ane group were significantly upregulated on Day 1
(PGC1α: bP (FF 75 + Ane) = 0.002, bP (FF 150 + Ane) = 0.008, bP
(FF 300 + Ane) = 0.019; CPT1A: bP (FF 75 + Ane) = 0.031, bP

Figure 1: Long-term isoflurane anesthesia led to impaired cognition and reduced levels of fatty acid oxidation-related proteins in mice. Long-term
isoflurane anesthesia leads to contextual memory impairments in mice on Day 1 (a), Day 3 (b), and Day 7 (c). All data are presented as mean ± SD (n =
6/group). aP < 0.05, compared with the Con group. (d) Long-term isoflurane anesthesia leads to a decreased level of fatty acid oxidation-related
proteins PGC1α, CPT1A, and PPARα in mice. (e) The protein quantitation histogram of (d). All data are presented as mean ± SD (n = 4/group). aP < 0.05,
compared with the Con group.
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(FF 150 + Ane) = 0.033, bP (FF 300 + Ane) = 0.015; PPARα: bP (FF
75 + Ane) = 0.030, bP (FF 150 + Ane) = 0.044, bP (FF 300 + Ane) =
0.036) and Day 3 (PGC1α: bP (FF 75 + Ane) = 0.017, bP (FF 150 +

Ane) = 0.009, bP (FF 300 +Ane) < 0.001; CPT1A: bP (FF 75 +Ane) =
0.046, bP (FF 150 + Ane) = 0.044, bP (FF 300 + Ane) = 0.040;
PPARα: bP (FF 75 +Ane) = 0.023, bP (FF 150 +Ane) = 0.002, bP (FF
300 + Ane) = 0.002) after anesthesia (Figure 3a–d). On Day 7
after anesthesia, CPT1A and PPARα protein levels also increased
in the FF 75 + Ane group (CPT1A: bP = 0.011; PPARα: bP = 0.046),
the FF 150 + Ane group (CPT1A: bP < 0.001; PPARα: bP = 0.030),
and the FF 300 +Ane group (CPT1A: bP = 022; PPARα: bP = 0.016),
while PGC1α protein levels only in the FF 300+Ane group were
significantly higher than that in the Ane group (bP = 0.009)
(Figure 3e and f).

3.4 Effects of PPARα agonist FF on
contextual memory of mice after long-
term isoflurane anesthesia

In order to determine the effects of FF pretreatment on
cognitive impairment after long-term isoflurane anesthesia,
the contextual memory of mice was detected using the fear

conditioning system. As shown in Figure 4a–c, in the con-
textual fear conditioning system, the percentage of freezing
time of mice in the FF 75 + Ane group, the FF 150 + Ane
group, and the FF 300 + Ane group increased significantly
than that of the Ane group on Day 1 (bP (FF 75 + Ane) < 0.001,
bP (FF 150 + Ane) = 0.001, bP (FF 300 + Ane) = 0.007), Day 3 (bP
(FF 75 + Ane) = 0.028, bP (FF 150 + Ane) < 0.001, bP (FF 300 +

Ane) < 0.001), and Day 7 (bP (FF 75 + Ane) = 0.003, bP (FF 150 +
Ane) = 0.008, bP (FF 300 + Ane) = 0.021) after anesthesia.

To further validate whether the fatty acid oxidation
pathway is involved in the neuroprotective effect of FF on
anesthesia-induced memory impairment, 25mg/kg CPT1A
inhibitor ETO was intraperitoneally injected into mice for
3 days before anesthesia. Based on the results in Figure 4a–c,
we set the dose of FF to 300mg/kg to reach the maximum
neuroprotective effect. As shown in Figure 4d, in the con-
textual fear conditioning test, there were no differences
among the Ane group, the ETO + Ane group, and the ETO
+ FF + Ane group, whereas the percentage of freezing time
in the FF + Ane group increased significantly compared with
the Ane group (bP < 0.001). Remarkably, the percentage of
freezing time of the ETO + FF + Ane group was significantly
lower than that in the FF + Ane group (dP < 0.001), which

Figure 2: PPARα agonist FF pretreatment rescued the lower levels of fatty acid oxidation-related proteins after long-term isoflurane anesthesia in N2a
cells. Isoflurane exposure for 6 h decreases the level of fatty acid oxidation-related proteins, which was reversed by 20 μM FF pretreatment in N2a
cells. (a) Relative protein expressions of PGC1α, CPT1A, and PPARα after 2, 4, 6, and 8 h isoflurane anesthesia. (b) The protein quantitation histogram of
(a). aP < 0.05, compared with the Con group; bP < 0.05, compared with the Ane 2 h group; cP < 0.05, compared with the Ane 4 h group. (c) Relative
protein expression of PGC1α, CPT1A, and PPARα in N2a cells after FF pretreatment and isoflurane anesthesia. (d) The protein quantitation histogram of
(c). aP < 0.05, compared with the Con group; bP < 0.05, compared with the Ane group. All data are presented as mean ± SD (n = 3/group).
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suggests that after blocking fatty acid oxidation by ETO, FF
failed to improve the memory impairment after long-term
isoflurane anesthesia.

4 Discussion

This study focused on the memory impairment induced by
6 h long-term isoflurane anesthesia, simulating the process
of “POCD,” as shown in Figure 5. We found that long-term
isoflurane anesthesia resulted in contextual memory impair-
ment in mice lasting 7 days after anesthesia. Meanwhile, fatty
acid oxidation-related protein (PGC1α, CPT1A, PPARα) expres-
sion levels decreased in the hippocampus of POCD mice. We
administered PPARα agonist FF to POCD models in mice and
N2a cells before anesthesia to explore its neuroprotective
effects. Both in vitro and in vivo experiments showed that
FF pretreatment reversed the decrease of related protein
expression levels. Furthermore, our results showed that a

supplement of FF could improve impairments of contextual
memory after long-term isoflurane anesthesia in mice. To
thoroughly explore whether FF protects against cognitive
impairment after anesthesia by enhancing the fatty acid oxi-
dation pathway, a CPT1A inhibitor, ETO, was used to block the
pathway. Results showed that ETO pretreatment failed to
despair the memory of POCD mice but could block the pro-
tective effect of FF. These results further suggested that FF
protects memory impairment after isoflurane anesthesia by
enhancing the fatty acid oxidation pathway.

Some studies concerning the mechanisms of POCD
have focused on disorders of fatty acid oxidation. Qian
and Wang investigated the serum metabolism of POCD
and the results revealed that fatty acid metabolism and
lipid metabolism were considerably altered [17]. Research
in rodents showed that inhibition of fatty acid oxidation
enhanced oxidative stress and induced Aβ deposition in
vivo and in vitro [18]. Meanwhile, the protein levels of PPARα
and PGC1α in the hippocampus decreased significantly after

Figure 3: PPARα agonist FF pretreatment ameliorates the decreased level of fatty acid oxidation-related proteins after long-term isoflurane
anesthesia in mice. Relative protein expressions of PGC1α, CPT1A, and PPARα on Day 1 (a), 3 (c), and 7 (d) after isoflurane anesthesia. (b) The protein
quantitation histogram of (a). (d) The protein quantitation histogram of (c). (f) The protein quantitation histogram of (e). All data are presented as
mean ± SD (n = 3/group). aP < 0.05, compared with the Con group; bP < 0.05, compared with the Ane group.
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anesthesia, which was consistent with the findings of Yong
et al. that inhalation of 1.3% isoflurane for 3 h for 3 days in
newborn rats decreased the expression level of PPARα in the
hippocampus [19]. In POCD mice, the expression level of
PGC1α in the hippocampus also decreased significantly [20]
when induced by internal fixation of tibia fracture along
with continuous inhalation of 1.5% isoflurane for 4 h. PPARα
is demonstrated to be critical in fatty acid oxidation, and
PGC1α is a member of the transcriptional coactivator family
and can interact with PPARα to regulate mitochondrial fatty
acid oxidation-related genes [21], such as CPT1A and CPT2
[22,23]. In this study, CPT1A, the key mitochondrial fatty acid
oxidation enzyme, was also significantly decreased after
long-term isoflurane anesthesia.

PPARα is altered in multiple kinds of neurodegenera-
tive/neurodevelopmental and psychiatric disorders, sug-
gesting that this receptor could be a viable target in novel
therapeutic strategies. FF, one of the PPARα agonists, is a
derivative of fibric acid and is commonly applied in the
treatment of adults with dyslipidemia, primary hypertri-
glyceridemia, and hypercholesterolemia [24]. Previous
studies have reported that FF could decrease inflammation
and oxidative stress accumulation to mediate neuroprotec-
tive benefits in mice models of AD, PD, and brain damage
[13,25,26]. The present study showed that FF could reverse
the downregulation of fatty acid oxidation-related proteins
both in vivo and in vitro in POCD models. In line with our
results, Goto et al. showed that PPARα agonist FF

Figure 4: PPARα agonist FF pretreatment improved cognitive function after long-term isoflurane anesthesia in mice. FF pretreatment improves the
contextual memory impairments in mice on Day 1 (a), Day 3 (b), and Day 7 (c) after long-term isoflurane anesthesia. All data are presented as mean ±
SD (n = 6/group). aP < 0.05, compared with the Con group; bP < 0.05, compared with the Ane group; cP < 0.05, compared with the FF 75 + Ane group. (d)
CPT1A inhibitor ETO blocks the neuroprotective effect of FF on anesthesia-induced memory impairment in mice. All data are presented as mean ± SD
(n = 6/group). aP < 0.05, compared with the Con group; bP < 0.05, compared with the Ane group; cP < 0.05, compared with the ETO + Ane group;
dP < 0.05, compared with the FF + Ane group.

Figure 5: Pretreatment of PPARα agonist FF can protect against 6 h isoflurane anesthesia-induced POCD by enhancing fatty acid oxidation.
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upregulates PGC1α transcription [27]. Khorolskaya et al.
also found that oral administration of 0.3% FF induced
mitochondrial fatty acid β oxidation in mice and increased
protein expression of PPARα, PGC1α, and CPT1A [28]. The
promoter region of CPT1A has a peroxisome proliferator
response element (PPRE), which when combined with
PPARα can upregulate the expression of CPT1A [23]. How-
ever, PPARα and PGC1α regulate CPT1A independently in
rodents, with PPARα binding to PPRE in the second intron
of CPT1A and PGC1α binding to PPRE in the first intron of
CPT1A [29]. Therefore, the reversal effect of FF on the
CPT1A decrease after long-term isoflurane anesthesia may
be attributed to the direct regulation of CPT1A expression by
activating PPARα, or to the indirect upregulation of CPT1A
via PGC1α.

PPARα is reported to be critical in cognition and emo-
tions in the study of the last decade [30]. Roy et al. showed
that the introduction of PPARα to the hippocampus of
PPARα-KO mice improved spatial learning and memory
[9]. Currently, multiple PPARα natural and synthetic ago-
nists are being tested in clinical studies or experimental
models of neurodegenerative/psychiatric diseases [31]. PPARα
endogenous agonist PEA is an anti-inflammatory compound
clinically tested for its neuroprotective effects in AD and PD
[32]. In the research of Luo et al., PPARα agonists Gemfibrozil
and Wy14643 could ameliorate the deposition of Aβ proteins
and improve cognitive dysfunction in AD mice [33]. Similarly,
the PPARα agonist FF, as a selective synthetic agonist of
PPARα, has been demonstrated to exert significant amelior-
ating effects on cognitive impairment in animal experiments
and clinical patients of AD and PD [30,34]. Consistent with our
research, pretreatment with FF has preventive effects on
neurovascular and cognitive consequences in many other
nervous system diseases, such as brain ischemia and irradia-
tion, and type 2 diabetes [12,35,36]. However, the fundamental
mechanisms of FF’s neuroprotective effects remain ambig-
uous. These neuroprotective effects might be attributable to
FF’s antioxidant and anti-inflammatory properties as well as
to advantageous effects on glucose homeostasis and lipid
metabolism [13,37,38]. The PPARα agonist FF might be a novel
target for therapeutic schemes of cognitive disorders. Our
research demonstrated that FF protects memory impairment
after isoflurane anesthesia by enhancing the fatty acid oxida-
tion pathway in mice. In terms of the mode of administration,
in our study, we administered FF to mice through intragastric
infusion at a single dose before anesthesia; whereas, other
researchers chose to administer FF for several days continu-
ously, such as 200mg/kg/day for 14 days in cardiopulmonary
bypass surgery mice and twice a day during 72 h or 7 days in
stroke mice [12,39]. The time of administration also varied in
many studies, among which Ouk et al. administered post-
stroke orally and Barbiero et al. gave FF to mice 1 h after

PD model establishment [12,13]. On the basis of existing stu-
dies and our results, taking an oral drug prophylactically at a
low and single dose might accelerate the translation of basic
science to clinical practice.

There are some limitations to our research: (1) we
investigated the neuroprotective effect of FF on cognitive
impairments through the fatty acid oxidation pathway in
the POCD model at the protein level. Considering PPARα is
an important transcription factor, more research should be
carried out at the transcriptional level to further verify the
regulatory effects of FF on fatty acid oxidation-related pro-
teins. (2) In each group, the sample sizes for protein detec-
tion were less than those for behavior assessment. (3) As
shown in Figure 4d, we evaluated cognitive functions only
on Day 3 after anesthesia to assess the effect of ETO on FF’s
neuroprotection; however, mice’s learning and memory on
Days 1 and 7 should also be detected. (4) Fatty acid oxida-
tion is closely related to oxidative stress. We should further
explore the composition and quantity of fatty acids as well
as markers of oxidative stress such as SOD, H2O2, and MDA
with FF pretreatment following anesthesia. In this way, our
study will be more convincing. Further study should be
performed to solve the inadequacies listed above.

5 Conclusion

The present study demonstrated the protective effect of
PPARα agonist FF on memory impairment after long-
term isoflurane anesthesia and identified the role of fatty
acid oxidation-related proteins in the process of POCD. This
finding could help to improve our understanding of the
amnestic effect of isoflurane and to provide new strategies
for it.
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