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Luo et al.: Mechanism of Propofol Anesthesia on Pyroptosis

To investigate the effect and related mechanism of propofol anesthesia on pyroptosis in neonatal rat
hippocampus. Neonatal rats were divided into a control group (injected intraperitoneally with saline), a
propofol group (injected intraperitoneally with 80 mg/kg propofol) and a propofol+MCC950 group (injected
intraperitoneally with 80 mg/kg propofol and 10 mg/kg MCC950) and administered for 5 d. The day after the
end of drug administration, hippocampi were analyzed for pyroptosis by transferase dUTP nick end labeling
assay and for interleukin beta-1, interleukin-18 levels, nod-like receptor protein 3, ASC and caspase-1 protein
expression in the hippocampus were determined by Western blotting; at the end of drug administration on the
19" d, the escape latency, the number of crossing the platform and the percentage of time spent in the target
quadrant were recorded in the water maze test. Pyroptosis, levels of interleukin-beta and interleukin-18 and
the protein levels of nod-like receptor protein 3, ASC and caspase-1, as well as the escape latency of the rats of
hippocampal tissues were significantly higher in the propofol group than those in the control group (p<0.05)
and the percentage of time crossing the platform and staying in the target quadrant was significantly lower
(p<0.05) in the propofol group than those in the control group; pyroptosis, levels of interleukin-beta and
interleukin-18 and the protein levels of nod-like receptor protein 3, ASC and caspase-1, as well as the escape
latency of the rats of propofol+MCC950 group were significantly lower in the propofol group than those in
the control group (p<0.05), whereas the number of crossing the platform and the percentage of time spent
in the target quadrant were significantly higher (p<0.05). Propofol anesthesia may trigger inflammatory
responses by activating the nod-like receptor protein 3/caspase-1 pathway, which in turn induces pyroptosis

in the neonatal rat hippocampus, leading to reduced learning and memory performance.
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Propofol, a new type of rapid and effective
intravenous anesthetics with the advantages of few
adverse effects and fast ghostwriting clearance, is
currently one of the most widely used intravenous
anesthetics in the clinicl!!. Pediatric patients are
unable to cooperate actively with anesthesia for their
own reasons, resulting in pediatric surgery often
requiring general anesthesia for surgical treatment!!.
However, the child’s neurological function is in its
developmental stage and inappropriate anesthesia
will lead to neurological impairment, which will
eventually affect long-term learning and memory
function®!. Studies have found that propofol causes
apoptosis of neurons in the brain of animals during
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development, triggering cognitive dysfunction,
but the specific mechanism of action is currently
unknown!. Studies have argued that propofol
caused apoptosis of hippocampal neurons in rats
during development is associated with inflammatory
responses>®. Nod-Like Receptor Protein 3 (NLRP3)/
caspase-1 pathway is an important inflammatory
response pathway that mediates pyroptosis and
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induces inflammatory cascades!”®. Studies have
shown that the NLRP3/caspase-1 pathway plays
an important role during brain injury in rats with
orthotropic liver transplantation®. This study will
investigate the effects and related mechanisms of
propofol anesthesia on pyroptosis in the neonatal rat
hippocampus.

MATERIALS AND METHODS

Materials:

Experimental animals: Specific-Pathogen Free
(SPF) grade Sprague Dawley (SD) male rats (7 d
old, weighing 9-13 g) were purchased from Liaoning
Changsheng Biotechnology Co., Ltd., license No.:
SCXK (L) 2018-0015, housed in an incubator.

Main reagents: Propofol (Cat No.: T1300) was
purchased from target molecule Corp, United
States of America (USA); the NLRP3 inhibitor
MCC950 (Cat No: T6887) was purchased from
TargetMol, USA; Transferase dUTP Nick End
Labeling (TUNEL) kit (Cat No.: AT2190-50T) was
purchased from Shanghai ACMEC Biochemical
Technology Co., Ltd.; Interleukin-1 beta (IL-1pB),
Interleukin-18 (IL-18) detection kit (Cat No.:
YAD1545 and YADI1758) was purchased from
Beijing Jiehui Bogao Biotechnology Co., Ltd.;
Bicinchoninic Acid (BCA) protein assay kit (Cat No.:
701780-480) was purchased from Cayman, USA;
primary antibodies NLRP3 antibody, ASC antibody,
caspase-1 antibody, Glyceraldehyde-3-Phosphate
Dehydrogenase (GAPDH) antibody and secondary
antibodies Immunoglobulin G (IgG) antibody (Cat
No.: ab263899, ab175449, ab138483, ab59164 and
ab6721) were purchased from Abcam.

Main instruments: Microscope (Model: CKX41SF)
was purchased from Olympus corporation, Japan;
Enzyme-Linked Immunosorbent Assay (ELIASA)
(Model: SPECTRAmax*M2e) was purchased from
molecular devices, USA; the gel scanning imaging
system (Model No: TH-690B) was purchased from
Beijing Tianheng.

Methods:

Animal grouping and administration: The
neonatal rats were randomly divided into a control
group, propofol group and propofol+MCC950 group
with 26 rats in each group. Rats in the propofol
group were administered 80 mg/kg propofol
intraperitoneally!'”, rats in the propofol+MCC950
group were administered 80 mg/kg propofol and
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10 mg/kg MCC950 intraperitoneally!'!! and rats in
the control group were administered normal saline
intraperitoneally at 150 pl, once daily for 5 d, after
each injection and put it back into the incubator for
feeding.

TUNEL assay for detection of pyroptosis in
hippocampal tissues: The day after the last
administration, 18 rats from each group were
sacrificed, hippocampal tissues were dissected and
separated on ice and hippocampal tissues from 12
rats were frozen with liquid nitrogen and stored in a
—80° freezer; hippocampal tissues from another six
rats were fixed with 4 % paraformaldehyde to make
paraffin sections, which were incubated and then
blocked using TUNEL detection solution and excited
under excitation light of 450-500 nm wavelength. Six
high-power fields were selected under a fluorescence
microscope (400x) for observation to analyze
pyroptosis in the hippocampus.

Enzyme-Linked Immunosorbent Assay (ELISA)
detection: Hippocampal tissues from six rats were
obtained and homogenized by grinding after being
sheared by ophthalmic scissor and the supernatants
were centrifuged to detect the expression of
inflammatory factors using ELISA.

Western blotting: This was performed to detect the
expression of NLRP3/caspase-1 pathway related
proteins in the hippocampal tissues. The hippocampal
tissues of the remaining six rats were frozen, the
homogenates were ground after ophthalmic clipping,
the supernatants were centrifuged, the protein
expression was detected after extraction of total
protein and the gray scale values of protein bands
in protein band charts were analyzed by Image J
software to calculate the protein levels of NLRP3,
ASC and caspase-1.

Water maze test: This test was used to examine the
learning and memory ability of rats. On d 19 after the
last administration (30 d after the rats were born), the
water maze test was performed on the remaining eight
rats in each group. A pool of 90 cm in diameter and
21 cm in water depth was divided into four quadrants
and the cylindrical platform with a diameter of 8§
cm and a height of 20 cm was placed in the fourth
quadrant, where ink was added to the water to black
and the water temperature ranged from 19° to 21°.
The time taken from entering the water to climbing
on the platform was recorded as the escape latency.
If the platform was not found in 90 s, it was guided
to the platform using a guide bar. The escape latency
was recorded as 90 s and the rats were trained once
March-April 2023
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daily in each quadrant by using the guide bar for 10
min per training interval. The escape latency was
recorded for 5 d and the rat was withdrawn on the
6" d. The rats were placed into the water from the
second quadrant and the time it took to go through
the original platform position (escape latency), the
number of crossing the original platform location in
90 s (the number of crossing the platform) and the
percentage of residence time in the second quadrant
in the total time within 90 s (percentage of time spent
in the target quadrant) were recorded.

Statistical analysis:

Sigma plot 12.0 software was used to analyze
the data. Mean+Standard Deviation (SD) (X+s) of
metrology data was expressed and comparisons
among multiple groups were performed using one-
way Analysis of Variance (ANOVA) (Student—
Newman—Keuls (SNK) test was used for pairwise
comparisons between groups). p<0.05 was considered
statistically significant.

RESULTS AND DISCUSSION

A significant increase in pyroptosis was observed
in the hippocampus of propofol group treated rats
compared with that of control group (p<0.05);
a significant decrease (p<0.05) in pyroptosis
was observed in the hippocampal tissues of

Control group

Propofol group

propofol+MCC950 group rats compared with that of
control group as shown in fig. 1 and Table 1.

IL-1p and IL-18 expression levels in the hippocampus
of propofol group treated rats were significantly
higher (p<0.05) than those in the control group; IL-
1P and IL-18 expression levels in the hippocampal
tissues of propofol+MCC950 group were significantly
(p<0.05) lower than those in the propofol group as
shown in Table 2.

The protein expression levels of NLRP3, ASC and
caspase-1 in the hippocampus of propofol group
treated rats were significantly higher than those in the
control group (p<0.05); the protein expression levels
of NLRP3, ASC and caspase-1 in the hippocampal
tissues of propofol+tMCC950 group rats were
significantly lower than those in the propofol group
(p<0.05, as shown in fig. 2 and Table 3).

The escape latency of the rats in the propofol group
was significantly higher (p<0.05) than that of the
control group, as was the number of crossing the
platform and the percentage of time spent in the target
quadrant (p<0.05); the escape latency of the rats in
the propofol+MCC950 group was significantly lower
than that in the propofol group (p<0.05), as was the
number of crossing the platform and the percentage
of time spent in the target quadrant (p<0.05), as
shown in Table 4.

Propofol+MCC950 group

Fig. 1: Pyroptosis in the hippocampal tissues of rats from each group (400%)

TABLE 1: COMPARISON OF PYROPTOSIS IN HIPPOCAMPAL TISSUES OF RATS IN EACH GROUP (xts,

n=6)

Group

Pyroptosis (%)

Control group

Propofol group
Propofol+MCC950 group
F

P

12.64+0.85
26.85+1.132
17.44+1.12%
289.058
0.000

Note: Compared with the control group, 2p<0.05 and compared with the propofol group, °p<0.05
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TABLE 2: IL-1B AND IL-18 EXPRESSION LEVELS IN THE HIPPOCAMPAL TISSUES FROM EACH GROUP
(x*s, n=6)

Group IL-18 (ng/mg) IL-18 (ng/mg)
Control group 14.62+2.85 37.88+4.65
Propofol group 31.05+3.632 94.22+5.762
Propofol+MCC950 group 20.14+2.50% 48.53+4.52%
F 45.675 214.349

p 0.000 0.000

Note: Compared with the control group, 2p<0.05 and compared with the propofol group, ®p<0.05

Propofol+
Control group Propofol group MCC950 group

neres - e

Fig. 2: The protein expression of NLRP3, ASC and caspase-1 in the hippocampal tissues of rats in each group

TABLE 3: COMPARISON OF THE PROTEIN EXPRESSION LEVELS OF NLRP3, ASC AND CASPASE-1 IN
THE HIPPOCAMPAL TISSUES OF RATS IN EACH GROUP (xts, n=6)

Group NLRP3/GAPDH ASC/GAPDH Caspase-1/GAPDH
Control group 0.40+0.05 0.42+0.06 0.32+0.06
Propofol group 0.82+0.06° 0.89+0.062 0.88+0.072
Propofol+MCC950 group 0.48+0.05° 0.55+0.05% 0.42+0.07°

F 104.093 109.299 119.821

p 0.000 0.000 0.000

Note: Compared with the control group, 2p<0.05 and compared with the propofol group, ®p<0.05

TABLE 4: COMPARISON OF ESCAPE LATENCY, THE NUMBER OF CROSSING THE PLATFORM AND TIME
SPENT IN THE TARGET QUADRANT AMONG RATS IN EACH GROUP (xts, n=8)

Group Escape latency (s) The number of crossing the Percentage of time spent in
platform (times) the target quadrant (%)

Control group 6.03+0.48 7.28+0.54 38.06+2.24

Propofol group 6.88+0.42° 5.46+0.552 31.27+2.132

Propofol+MCC950 group 6.29+0.45° 6.20+0.59% 34.14+2.39%

F 7.472 21.339 18.264

p 0.015 0.000 0.000

Note: Compared with the control group, 2p<0.05 and compared with the propofol group, ®p<0.05
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It was found that children who had been exposed
to general anesthesia in the neonatal period had a
greatly increased risk of attention deficit and learning
disabilities!'?. Recent studies have shown that the
neonatal period is a high-speed developmental period
of the nervous system and propofol causes neuronal
apoptosis during development, which can affect
learning and memory function in severe cases!".
In order to make a safer use of propofol, this study
will use propofol anesthesia to explore its effect on
pyroptosis and related mechanisms of action in the
neonatal rat hippocampus. The rat nervous system is
in a period of rapid development from 7-14 d after
birth and the level of development is equivalent to
that of a full-term neonate, which is highly vulnerable
to external environmental factors!'. 7 d old rats
were selected for this study. Pyroptosis is a new
programmed cell death modality and compared with
caspase-3 mediated apoptosis, pyroptosis mainly
depends on caspase-1 activation!’’. Our results
showed that caspase-1 protein levels and pyroptosis
were significantly increased in the hippocampus of
rats at the end of propofol administration, suggesting
that propofol causes pyroptosis in the hippocampus
during development, leading to hippocampal tissue
damage.

The NLRP3 inflammasome, an innate immune
pattern recognition receptor, is composed of
NLRP3, ASC and caspase-1!"*), When the organism
is subjected to foreign stimuli, NLRP bind the ASC
machinery caspase-1 precursor to form the NLRP3
inflammasome, which activates caspase-1 with
hydrolase activity to mature cytosolic inactive IL-
18 and IL-1p precursors, producing an inflammatory
cascade and leading to pyroptosist!”'®. In this
study, we found that the administration of propofol
increased the levels of IL-1P3, IL-18 as well as the
protein levels of NLRP3, ASC and caspase-1,
suggesting that propofol may activate the NLRP3/
caspase-1 pathway, leading to NLRP3 inflammasome
formation and subsequent inflammatory cascade
effects that cause pyroptosis in the hippocampus.

The water maze test is a behavioral means of
studying hippocampal dependent spatial learning
and memory abilities in rodents!'’!. The age of 28-30
d in rats is a period of high acquisition of learning
and memory ability and the level of development is
equivalent to children aged 6-7 y®°. Therefore, the
water maze test was performed in this study when
rats were 30 d old. The results showed that the
escape latency of the rats in the propofol group was
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significantly higher than that of the control group,
whereas the number of crossing the platform and the
percentage of time spent in the target quadrant were
significantly lower, suggesting that the activation of
the NLRP3/caspase-1 pathway and pyroptosis in the
hippocampus caused by propofol would decrease
the learning and memory performance of the rats.
MCC950, an NLRP3 inhibitor, was found to reduce
NLRP3, ASC and caspase-1 protein levels and IL-1f
and IL-18 levels in the hippocampal tissues, reduce
hippocampal pyroptosis and the escape latency of the
rats, as well as increase the number of crossing the
platform and the percentage of time spent in the target
quadrant when administered concomitantly with
propofol to rats compared to propofol alone, further
suggested that the pyroptosis in the hippocampus and
the reduced learning and memory ability of the rats
caused by propofol may act through the activation
of the NLRP3/caspase-1 pathway. In conclusion,
propofol anesthesia causes pyroptosis and, reduces
learning and memory performance in neonatal rat
hippocampus and the mechanism may be related to
the inflammatory response triggered by activation of
the NLRP3/caspase-1 pathway.
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