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Ying et al.: Propofol Pretreatment on Microglial Pyroptosis

To investigate the effect of propofol pretreatment on microglial pyroptosis in the ischemic penumbra of rats
subjected to cerebral ischemia-reperfusion. 90 rats were randomly divided into Sham group, model group,
nod-like receptor protein 3 inhibitor group, propofol low dose group and high dose group. Pathological
changes in the hippocampal region of the ischemic penumbra of brain tissue were observed by hematoxylin
and eosin staining; interleukin-1 beta and interleukin-18 levels were detected in the ischemic penumbra of
cerebral tissue by enzyme-linked immunosorbent assay; immunofluorescence double staining was performed
to detect the immunopositive co-expression of nod-like receptor protein 3, aspartate specific caspase 1 and
ionized calcium adaptor protein 1 in the ischemic penumbra of cerebral tissue. Compared with the model
group, the nod-like receptor protein 3 inhibitor group, propofol low dose group and propofol high dose group
groups also had significantly lower neurological deficit scores, cerebral infarction volumes, and interleukin-1
beta and interleukin-18 levels, ionized calcium adaptor protein 1/nod-like receptor protein 3, ionized calcium
adaptor protein 1/caspase 1 immunopositive co-expression, nod-like receptor protein 3, pro-caspase 1, P10,
P20 and interleukin-1 beta protein expressions in the ischemic penumbra were significantly reduced (p<0.05),
the pathological damage was improved to various degrees, and the number of nerve cells was increased. The
neuroprotective effect of propofol pretreatment on cerebral ischemia-reperfusion injury may be related to

the inhibition of microglial pyroptosis mediated by nod-like receptor protein 3 inflammasome.
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Stroke is characterized by high morbidity, mortality
and disability, resulting in a heavy burden on
patients, families and society. There are more than
11 million stroke patients in China, with 2.5 million
new stroke cases annually, of which approximately
78 % are ischemic strokes!?. Although progress has
been made in terms of the pathological mechanism
of stroke, an effective translation of this information
to clinical applications has not been successful.
Therefore, new therapeutic strategies still need to be
developed.

Cerebral Ischemia Reperfusion (CIR) injury is a
major pathophysiological mechanism of ischemic
strokel®!. The rapid decrease of blood flow in the
early stage will lead to energy depletion and energy
synthesis impairment, resulting in neuronal cell
membrane depolarization as well as imbalance of
intracellular and external ion homeostasis, which

rapidly triggers a post ischemic cascade, such
as excitotoxicity, oxidative stress, inflammation,
edema and apoptosisi. The ischemic penumbra is
a dysfunctional but not yet dead tissue surrounding
the infarct due to ischemic injury, and timely
improvement of hypoperfusion can restore normal,
and therefore, protecting the ischemic penumbra
is an important strategy for the treatment of CIR
injury. Recently, studies have found that microglial
pyroptosis mediated inflammation plays an important
role in CIR injury™®; while the Nod-Like Receptor
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Protein 3 (NLRP3) inflammasomes, which is widely
expressed in glia and peripheral immune cells in
the brain and is activated in cerebral ischemia, is a
key mediator of the post CIR inflammatory response
by activating caspase-1, triggering the release of
Interleukin (IL)-1 Beta (B) and IL-18, involved in
the initiation and amplification of the inflammatory
responsel’l; targeting the NLRP3 inflammasomes
and microglia to suppress excessive inflammatory
responses may therefore be a novel therapeutic
strategy for cerebral ischemia. Shen et al.l®! showed
that reducing microglial activation in the ischemic
penumbra could exert cerebroprotective effects in
CIR rats. Propofol is a widely used general anesthetic
in the clinic, and recent studies have found that,
in addition to its anesthetic effects, propofol has
antioxidant, anti-inflammatory and neuroprotective
properties® !, which can attenuate renal ischemia-
reperfusion injury by down-regulating NLRP3
expression''?; and propofol can inhibit the increase
of NLRP1 and NLRP3 inflammasomes expression
induced by Oxygen Glucose Deprivation (OGD)
and alleviate neuroinflammatory injury!l. Wen et
al.'"¥ found that propofol post-treatment could exert
neuroprotective effects in rats with cerebral ischemia
by inhibiting the NLRP3/caspase 1 pathway; but
none of the previous reports described the effect
of propofol pretreatment on NLRP3 mediated
microglial pyroptosis after CIR injury. Therefore,
this study aimed to investigate the effects of propofol
pretreatment on microglial pyroptosis and NLRP3
signaling pathway in the ischemic penumbra after
CIR, to reveal the function of propofol mediated
neuroprotective mechanisms in CIR injury.

MATERIALS AND METHODS
Animals:

Ninety Sprague—Dawley (SD) rats (Specific Pathogen
Free (SPF) grade), male and body mass (250-300) g
were purchased from Beijing Vital River Laboratory
Animal Technology Co., Ltd. (License SCXK (J)
2019-0009). Rats were housed in the environment of
temperature (20°£2°) and humidity (45 %-60 %) and
maintained on a 12 h light/12 h dark cycle.

Reagents and instruments:

Propofol injection (Sichuan Guorui Pharmaceutical
Co., Ltd., 20 ml: 200 mg, SFDA Approval
No: H20030115); NLRP3 inhibitor  group
(MCC950, MedChemExpress LLC, HY-12815A);
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suture plug (Beijing Cinontech Co., Ltd.);
2,3,5-Triphenyltetrazolium chloride (TTC) staining
solution (G3005) was purchased from Beijing
Solarbio Co., Ltd.; Hematoxylin and Eosin (HE)
staining kit (C0105) was purchased from Beyotime
Biotech Inc., Shanghai.; IL-1B (R0012c), IL-
18 (R0O567c) Enzyme-Linked Immunosorbent
Assay (ELISA) kits were purchased from Wuhan
Elabscience Biotechnology Co., Ltd.; goat anti-
Ionized Calcium Adaptor Protein 1 (IBA1) (011-
27991) was purchased from Wako, Japan; rabbit anti-
NLRP3 (ab263899), Alexa Fluor 488 labeled donkey
anti-goat Immunoglobulin G (IgG) H&L (ab150129,
green fluorescence), Alexa Fluor® 647 labeled goat
anti-rabbit I[gG H&L (ab150079, red fluorescence),
pro caspase-1 (ab207802), B-actin (ab8227), IL-1P
(ab200478), 1gG secondary antibodies (goat anti-
rabbit (ab205718), goat anti-mouse (ab205719))
were purchased from Abcam, UK; mouse primary
antibodies cleaved caspase-1 P10, cleaved caspase-1
P20 were purchased from Santa Cruz, United States
of America (USA), Cat No.: sc-56036, sc-398715.
Microplate reader (iMark680, Bio-Rad, USA); light
microscope (BX51, Olympus Corporation, Japan).

Grouping and modeling:

The rats were divided into sham operated group,
model group, NLRP3 inhibitor group (MCC950, 10
mg/kg), propofol Low group (propofol-L, 10 mg/kg),
and propofol High dose group (propofol-H, 20 mg/
kg) (n=18)!",. NLRP3 inhibitor group and propofol
group received the corresponding doses of MCC950
and propofol via tail vein injection 30 min before
Middle Cerebral Artery Occlusion (MCAO); the
model group was injected with an equal volume of
normal saline. The MCAO model was constructed
in all rats except the sham operated group!!; rats
were anesthetized by intraperitoneal injection of 40
mg/kg sodium pentobarbital, a small port was cut
at the median of the neck to free the right Common
Carotid Artery (CCA), External Carotid Artery
(ECA) and Internal Carotid Artery (ICA), the ECA
root was ligated with a suture and the proximal end
of CCA was ligated; clamping the ICA, a wire plug
(0.38 mm in diameter) was slowly inserted into the
ICA from the CCA to occlude the middle cerebral
artery and stopped (about 18-20 mm) when feeling
slight resistance, the wire plug was fixed; the wire
plugs were pulled out about 15 mm after 2 h to form
reperfusion. Sham operated group was operated as
above except that the suture plug was not inserted.
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After the rats were awake, the neurobehaviors of
the rats after modeling were scored according to the
Zea-Longa scoring method, and rats with scores of
1-3 were taken for experiments (n=18 in each group,
and rats with death and unsuccessful modeling were
randomly supplemented). Sample collection was
performed after 24 h of reperfusion.

Sampling and index detection:

Neurological deficit scoring: Neurological deficit
scoring was performed according to the Zea-
Longa scoring method after 24 h of reperfusion.
Neurological function was normal with no deficit
scored as 0 point; inability of the right forepaw to
fully extend scored as 1 point; turning the circle to
the contralateral side counted 2 points; tilting to left
side scored 3 points; no spontaneous walking, loss
of consciousness, or death scored 4 points. Rats with
scores of 0 and 4, and subarachnoid hemorrhage
were excluded. All assessments were performed by
investigators blinded to treatment group.

Cerebral infarction volume: After completion of
neurological deficit scoring, six rats from each group
were randomly selected, and the brains were quickly
removed after sacrifice. Brains were rapidly frozen
at -20° and cut into 2 mm thick coronal sections.
Staining was performed with 1 % TTC for 20 min at
37°, followed by fixation in 4 % paraformaldehyde
for 2 h. Normal brain areas were stained deep red and
infarction areas were stained white. Coronal sections
were photographed and the total infarction volume
was calculated with Image Pro Plus 6.0 software. To
correct for edema and atrophy, the cerebral infarction
volume was calculated as:

Infarct volume (%)=(Contralateral hemisphere area-
ipsilateral hemisphere non-infarct area)/contralateral
hemisphere areax100 %

ELISA detection of IL-1 B and IL-18 levels: Six
rats were randomly selected from each group, and
after anesthetized by intraperitoneal injection of
sodium pentobarbital, the brains were removed,
coronally cut into two parts, and one part was fixed in
4 % paraformaldehyde; in the other part, brain tissue
from the ischemic penumbra was collected, ground
in saline, prepared as 10 % homogenate, centrifuged
to obtain supernatant, and tested for IL-1p and IL-18
levels by ELISA.

HE staining: Brains fixed in Paraformaldehyde
(PFA), embedded in paraffin, and cut at 4 um-thick
sections, and routine HE staining was performed to
observe the morphological changes of neurons in the
July-August 2023
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hippocampal CA1 region in the ischemic penumbra.

Immunofluorescence co-staining: Paraffin sections
of brain tissues were obtained and blocked with 5 %
Bovine Serum Albumin (BSA) for 15 min. Sections
were incubated overnight at 4° with the following
primary antibodies; goat anti-IBA1 (1:300), rabbit
anti-caspase-1 (1:100), rabbit anti-NLRP3 (1:100)
and, on alternate days, with fluorescent secondary
antibodies; donkey anti-goat IgG (Alexa Fluor®
488, 1:300), goat anti-rabbit IgG (Alexa Fluor® 647,
1:300) and goat anti-rabbit IgG (Alexa Fluor® 647,
1:300) at room temperature (37°) in the dark sections
were incubated for 1 h, stained with 4',6-Diamidino-
2-Phenylindole (DAPI) for 10 min, dried, mounted
and examined by fluorescence microscopy and
images were analyzed using Image Pro Plus 6.0.

Western blot was used to detect NLRP3
pyroptosis related protein expression: Brain
ischemic penumbra tissue from the remaining six
rats in each group was separated, total protein was
extracted from Radioimmunoprecipitation Assay
(RIPA) lysate, and after determination of protein
concentration, protein samples were separated
by Sodium Dodecyl Sulphate-Polyacrylamide
Gel Electrophoresis (SDS-PAGE) (30 pg). After
membrane permeabilization and blocking for 1 h, the
membranes were incubated with primary antibodies
(NLRP3, pro caspase-1, cleaved caspase-1 (P10
subunit, P20 subunit), IL-1p and B-actin) overnight
at 4°. Alternate days, the membranes were
incubated with secondary antibodies for 1 h at room
temperature, developed and protein band gray values
were analyzed by ImagelJ software and calculated the
amount of protein expression relative to B-actin.

Statistical analysis:

All data are presented as meantstandard deviation
(X£s). One way Analysis of Variance (ANOVA)
was used to analyze statistical significance, and
Tukey's multiple comparison tests was used for
differences between groups. All statistical analyses
were performed using Statistical Package for the
Social Sciences (SPSS) Statistics 22.0 software.
p<0.05 indicated that the difference was statistically
significant.

RESULTS AND DISCUSSION

Compared with the sham operated group, the
neurological deficit score increased in the model
group (p<0.05); compared with the model group,
the MCC950 group, propofol-L and propofol-H

groups showed decreased neurological deficit scores
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(p<0.05), and the differences between the propofol-L
and propofol-H groups were statistically significant
(p<0.05) as shown in Table 1.

Compared with the sham operated group, the cerebral
infarction volume of rats in the model group was
increased (p<0.05); compared with the model group,
the MCC950 group and the propofol-L and propofol-H
groups showed reduced cerebral infarction volumes
(p<0.05), and the differences between the propofol-L
and propofol-H groups were statistically significant
(p<0.05); there was no significant difference in
cerebral infarction volume between MCC950 group
and propofol-H group (p>0.05) as shown in fig. 1 and
Table 2.

Compared with sham operated group, IL-1B and
IL-18 levels in model group increased (p<0.05);
compared with the model group, the MCC950
group and propofol-L and propofol-H groups had
lower levels of IL-1P and IL-18 in the brain tissue
(p<0.05), and the differences between propofol-L

and propofol-H groups were statistically significant
(p<0.05); compared with MCC950 group, there was
no significant difference in IL-1P and IL-18 levels in
brain tissue of propofol-H group (p>0.05) as shown
in Table 3.

No obvious damage was observed to the cells
in the hippocampal CA1 region of the ischemic
penumbra in the brain of sham operated group rats;
the hippocampus of rats in the model group showed
pyknotic deep staining of nuclei, the arrangement
of nerve cells was loose, the number was reduced,
and vacuolization like changes were present;
the MCC950, propofol-L and propofol-H groups
ameliorated the pathological lesions to various
degrees compared with the model group, with an
increased number of neurons and more uniform
staining; moreover, the degree of pathological
improvement in the hippocampal CA1 region of the
propofol-H group was close to that of the MCC950
group as shown in fig. 2.

TABLE 1: COMPARISON OF NEUROLOGICAL DEFICIT SCORES AMONG RATS IN EACH GROUP (xts,

n=18)

Group Dose (mg/kg) Neurological deficit scoring
Sham 0.00+0.00

Model 2.53+0.20°

MCC950 1.58+0.15%
Propofol-H 1.65+0.14%°
Propofol-L 2.07+0.18%

Notes: Compared with Sham group, 2p<0.05; compared with model group, °p<0.05; compared with the MCC950 group; <p<0.05 and

compared with the propofol-H group, 9p<0.05

Model

Fig. 1: TTC staining of the brains of rats in each group
1080

MCC950
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TABLE 2: COMPARISON OF CEREBRAL INFARCT VOLUMES AMONG RATS IN EACH GROUP (xts,

n=6)

Group Dose (mg/kg) Percentage of cerebral infarct volume (%)
Sham 0.00+0.00

Model 30.51+2.302

MCC950 10 15.92+1.64%

Propofol-H 10 16.37+1.52%°

Propofol-L 20 26.25+2.173

Notes: Compared with Sham group, 2p<0.05; compared with model group, ®p<0.05; compared with the MCC950 group; °p<0.05 and

compared with the propofol-H group, 9p<0.05

TABLE 3: COMPARISON OF IL-1B AND IL-18 LEVELS IN BRAIN TISSUE OF RATS IN EACH GROUP

(xts, pg/ml, n=6)

Group IL-18 IL-18
Sham 120.14£11.91 85.2119.35
Model 334.58+25.85° 190.45+16.282
MCC950 155.32+16.93% 118.09+10.17%
Propofol-H 160.11+14.82% 125.68+12.12%
Propofol-L 289.27+20.46% 168.94+15.5420<d

Notes: Compared with Sham group, 2p<0.05; compared with model group, ®p<0.05; compared with the MCC950 group; °p<0.05 and

compared with the propofol-H group, 4p<0.05
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Fig. 2: HE staining of brain sections from rats in each group (200x%)

Compared with the sham operated group, the
immunopositive co-expression of IBA1/NLRP3 and
IBAl/caspase 1 was significantly increased in the
ischemic penumbra of model group rats (p<0.05);
compared with the model group, immunopositive
co-expression of IBAI/NLRP3 and IBAl/caspase 1
was significantly decreased in the MCC950 group,
propofol-L and propofol-H groups (p<0.05), and
the differences between propofol-L and propofol-H
groups were statistically significant (p<0.05); there
were no significant differences in the immunopositive
expression of NLRP3, caspase-1 and IBA1 in the
propofol-H group compared with the MCC950 group
(p>0.05) as shown in fig. 3 and Table 4.

Western blot showed that there was no expression
of cleaved caspase-1 pl0 or p20 proteins in the
sham operated group, and the protein expressions
of NLRP3, pro caspase-1, pl0, p20 and IL-1B in
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the ischemic penumbra of rats of the model group
were significantly increased compared with the sham
operated group); compared with the model group, the
MCC950 group, propofol-L and propofol-H groups
had significantly lower expression of the above
proteins (p<0.05), and the differences between the
propofol-L and propofol-H groups were statistically
significant (p<0.05); compared with the MCC950
group, there was no significant difference in the
expression of the above proteins in the propofol-H
group (p>0.05) as shown in fig. 4 and Table 5.

The MCAO model is generally accepted as the
standard animal model of focal cerebral ischemia,
and the suture-occluded method is a common method
to prepare MCAO reperfusion model with simple
operation. The Zea-Longa neurological deficit score
is areliable evaluation criterion for the success of a rat
model of focal cerebral ischemia. The results of the
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present study showed that rats after MCAO exhibited
significant neurological deficits, and significant
cerebral infarction was seen in the ischemic area;
propofol is effective in reducing the cerebral infarct
volume after CIR, thereby improving neurological
deficits, which is consistent with previous findings.
Moreover, in this study, we also found that propofol
pretreatment significantly reduced IBAL/NLRP3
and IBAl/caspase 1 immunopositive expression
in the ischemic penumbra and inhibited microglial
pyroptosis and NLRP3 inflammasome induced
inflammation.

Inflammation is thought to play a crucial role in
the progression of CIR injury. Pyroptosis is a pro-
inflammatory programmed cell death modality
mediated by caspases (caspase-1 and caspase-4/5/11),
among them, caspase-1 dependent activation is the
classical pyroptosis pathway. Pyroptosis differs from
apoptosis in that pyroptosis is mediated by caspase

Maoded

MCCI50

Propaofol -H

Praspafiol-L

1 and apoptosis is mediated by caspase 3. Studies
have reported that caspase 1 is highly expressed in
microglia as observed in the early stage of ischemic
stroke!'®’; Wang et al.!'” found that melatonin reduced
MCAO induced apoptosis of microglia positive for
caspase-1 expression, reduced the cerebral infarction
size and improved neurological dysfunction,
indicating a close relationship between microglial
pyroptosis and neurotoxicity in ischemic brain injury.
In the present study, IBA1/caspase 1 immunopositive
expression was increased in the ischemic penumbra
brain after MCAO, which was accompanied by
neurological deficits, increased cerebral infarct
volume and neuronal loss, illustrating that microglial
pyroptosis was increased in the ischemic penumbra
of MCAO rats. However, pretreatment with propofol
decreased [BAl/caspase 1 immunopositive co-
expression. These results suggest that propofol
pretreatment may inhibit microglial pyroptosis in the
ischemic penumbra to promote neuroprotection.

Caspase-3 Ibal

Merge

Sham

MCCR50

Propafal-L

Fig. 3: (A): Immunopositive expression of Ibal and NLRP3 in the ischemic penumbra of rat brains from each group and (B):
Immunopositive expression of Ibal and caspase 3 in the ischemic penumbra of rats in each group (100x)

TABLE 4: IMMUNOPOSITIVE EXPRESSION OF NLRP3, CASPASE-1 AND IBA1 IN THE ISCHEMIC
PENUMBRA OF THE BRAINS OF RATS IN EACH GROUP (xts, n=6)

Group IBA1/NLRP3 IBA1/caspase 1
Sham 2.94+0.25 5.17:0.44
Model 36.58+3.14° 49.34+3.682
MCC950 21.95+2.06%° 25.11£2.43%®
Propofol-H 23.04£2.25% 27.85£2.12%®
Propofol-L 30.76+2.73% 38.62+3.05%

Notes: Compared with Sham group, 2p<0.05; compared with model group, °p<0.05; compared with the MCC950 group; °p<0.05 and

compared with the propofol-H group, 9p<0.05
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Fig. 4: The expression of NLRP3 related proteins in the ischemic penumbra of rats in each group

TABLE 5: THE EXPRESSION OF NLRP3 RELATED PROTEINS IN THE ISCHEMIC PENUMBRA OF RAT

BRAINS FROM EACH GROUP (xts, n=6)

Group NLRP3 Pro-caspase 1 p10 p20 IL-18
Sham 0.12+0.01 0.35:0.04 0 0 0.18+0.02
Model 0.56+0.04° 0.83+0.072 0.33+0.03? 0.42+0.04° 0.52+0.04°
MCC950 0.31+0.03® 0.48+0.05% 0.15+0.02% 0.19:0.02% 0.29+0.03%*
Propofol-H 0.33+0.04%® 0.50+0.06% 0.14+0.01%® 0.21:0.03* 0.31+0.04%
Propofol-L 0.48+0.05%< 0.69+0.0732°< 0.27+0.033%«d 0.32:+0.0420< 0.42+0.05%«

Notes: Compared with Sham group, 2p<0.05; compared with model group, °p<0.05; compared with the MCC950 group; °p<0.05 and

compared with the propofol-H group, 9p<0.05

Proinflammatory cytokines IL-1§ and IL-18 are
important damage factors in CIR, and its secretion
is regulated by activated caspase-1, whereas caspase
1 maturation and release are tightly regulated by the
NLRP3 inflammasome!'®. The NLRP3 inflammasome
consists of the NLRP3 protein, ASC with the caspase
1 precursor (pro-caspase 1), and the active core is
the NLRP3 protein. Studies have demonstrated
that NLRP3 inflammasome is activated in cerebral
ischemia, and after activation, pro-caspase-1 is
cleaved to active cleaved caspase-1 (P10, P20) and
cleaves pro-IL-1p and pro-IL-18 to mature IL-1§ and
IL-18["1, In the central nervous system, the NLRP3
inflammasome is predominantly expressed in
microglia; Zhao et al.?” showed in MCAO induced
mice and OGD/deoxygenation treated BV-2 cells
July-August 2023
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that IBA1/NLRP3 immunopositive co-expression
was significantly increased, IL-18 and IL-18 levels
increased, which inhibits microglial activation and
NLRP3 inflammasome expression, reduces IL-
1B and IL-18 levels, and alleviates the damage of
CIR, indicating that NLRP3 mediated canonical
pyroptosis pathway may be a key link to promote
microglial pyroptosis and aggravate brain injury. Our
results showed that propofol pretreatment reduced
IBA1/NLRP3 immunopositive co-expression and
decreased IL-1P and IL-18 levels in the brain tissue.
Western blot results also showed that NLRP3, pro
caspase-1, p10, p20 and IL-1p protein expressions
in the ischemic penumbra of MCAO rat brains after
propofol pretreatment were markedly reduced, and
the inhibitory effect on NLRP3 was close to that of the
1083
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NLRP3 inhibitor MCC950; these results suggest that
the neuroprotective effect of propofol is associated
with the inhibition of NLRP3 inflammasome
activation and microglial pyroptosis in the ischemic
penumbra.

Taken together, the neuroprotective effect of propofol
pretreatment on CIR injury may be associated with
the inhibition of NLRP3 inflammasome mediated
microglial pyroptosis in the ischemic penumbra.
There are some limitations in this study, first, we
only investigated the short-term effects of propofol
pretreatment; second, the results of the two propofol
dose groups were quite different, which indicated
that there might be a certain dose-effect relationship
of propofol, and whether there was a dose-dependent
manner required the addition of different doses
for further research; in addition, whether the non-
canonical pyroptosis pathway (caspase-4/5/11) is
involved in the neuroprotective effects of propofol
preconditioning, still needs to be explored.

Author’s contributions:

Pengdan Ying and Shurong Liu have contributed
equally to this work.
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