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Background: Perioperative neurocognitive disorders (PND) are common surgical complications in the elderly. Pyroptosis-associated
inflammation has been suggested to participate in a series of neurocognitive diseases, including Alzheimer’s disease. Given that VRT-
043198 can reportedly inhibit caspase-1-induced pyroptosis, this study sought to determine whether VRT-043198 reduced PND in
a mouse model following abdominal exploratory laparotomy.
Methods: 20-month-oldmale C57/BLmice were used to establish an abdominal exploratory laparotomy (AEL)model of PND. VRT-043198
(1, 10 and 100 mg/kg) was administered intraperitoneally immediately after surgery. Thirty days post-surgery, the mice were evaluated in the
Morris water maze test. Their number of neurons, neurotrophin nerve growth factor (NGF) levels and brain-derived neurotrophic factor
(BDNF) were measured. In the hippocampus, A1-type astrocytes and M1-type microglia were assessed using an immunofluorescence assay
and Western blot, respectively. Caspase-1 activity, IL-1β, IL-18, and PPAR-γ were also measured 24h after surgery.
Results: VRT-043198 administration increased the time to cross the platform and increased the ratio of distance and time in the
targeted quadrant after surgery. Furthermore, it was found that VRT-043198 restored neuronal amount, increased NGF and BDNF and
decreased the number of A1-type astrocytes and M1-type microglia. VRT-043198 also attenuated caspase-1 activity, downregulated
IL-1β and IL-18, but increased PPAR-γ 24h post-surgery.
Conclusion: VRT-043198 improved PND in aged mice after abdominal exploratory laparotomy by restoring the NGF and BNDF
expression. These results indicate that VRT-043198 may be a potential therapy for PND.
Keywords: cognitive dysfunction, elderly, caspase-1, pyrpotosis, inflammation

Introduction
Perioperative neurocognitive disorders (PND) are characterized by cognitive impairments such as learning and memory
deficits in the elderly after surgery.1 The patient may experience difficulties performing his daily activities and an
alteration of his communication abilities.2 An increase in morbidity rate, mortality rate, hospital length of stay and
frequent admissions to residential care institutions is also observed.3 The actual mechanism of PND is unknown;
however, some studies performed on animals have demonstrated that a series of events, including inflammation,
oxidative stress, and neurodegeneration, play a key role in the evolution of PND due to perioperative stress.4,5

Neuroapoptosis has been acknowledged as a mechanism of PND after general anesthesia and surgery, which leads to
the dysfunction of axonal regeneration, and synaptic plasticity.6,7 Several studies support that anesthesia and surgery
cause an inflammatory response triggering PND.8 The innate immune response induced by a peripheral surgery causes
interleukin (IL)-1β activation, subsequently accelerating the inflammatory process in the hippocampus region, which is
related to memory and learning.9 IL-1β is a vital inducer and executor of pyroptosis. It is identified as a NOD-like
receptor family pyrin domain-containing 3 inflammasome causing inflammation using caspase-1.10 In addition to an
acute inflammatory response, pyroptosis is also involved in chronic inflammatory diseases and PND in the elderly.11,12

Recently, more studies suggested that pyroptosis plays a role in the pathogenesis of neurocognitive diseases, including
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Alzheimer’s and Parkinson’s disease.13,14 It was chiefly reported that silencing pyroptosis-associated inflammasome
could attenuate surgery-induced cognitive impairments.15–17 Subsequently, the attenuated decline in learning and
memory following the inhibition of caspase-1-associated pyroptotic inflammation after surgery was investigated.

VRT-043198, a selectively blood-brain barrier permeable caspase-1 inhibitor, is reported to inhibit lipopolysacchar-
ide-induced cytokine secretion.18 VRT-043198 suppresses the release of proinflammatory cytokines, including IL-1β and
IL-18 but has limited effect on other cytokines such as TNF-α and IL-1α, and can be still monitored in the plasma 24h
post-oral administration.19 In addition, VRT-043198 provides little inhibition against cellular apoptosis because of its low
affinity with caspase-3 and −6 to −9.18 According to recent evidence, caspase-3 and caspase-9 specifically block
inflammatory responses,20 establishing apoptosis as an immunologically silent form of cell death. The latter specifies
that the apoptotic caspase cascade attenuates the inflammatory response.21 Given the selective inhibition of caspase-1,
VRT-043198 has no effect on apoptosis as it is an immunologically silent phenomenon. Based on these findings, data
were analyzed to determine whether VRT-043198 administration reduced the process of PND.

In the present study, an abdominal exploratory laparotomy model was established, followed by an investigation to
determine whether the administration of VRT-043198 mitigated PND in aged mice after surgical treatment. Moreover,
the role of caspase-1-associated pyroptotic inflammation in the process of PND was explored.

Methods
All experiments involving animals were performed according to the National Institute of Health Guideline for the Care
and Use of Laboratory Animals. The protocols involving animals were also approved by the Animal Review Board of
First People’s Hospital of Taicang.

Experimental Animals
20-month-old adult male C57/BL mice were provided by Charles River Co., Ltd. (Beijing, China). All aged mice were
allowed free access to food and water and kept in a 12-h alternating light and dark facility at 25°C±1°C (humidity 50–70%).

Grouping
Mice were assigned to one of the following five groups at random: (1) sham; (2) abdominal exploratory laparotomy
(AEL); (3) AEL plus VRT-043198-low dose (1 mg/kg, 0.5 mL) (AEL+LV); (4) AEL plus VRT-043198-medium dose
(10 mg/kg, 0.5 mL) (AEL+MV); (5) AEL plus VRT-043198-high dose (100 mg/kg, 0.5 mL) (AEL+HV) groups. VRT-
043198 administration (Cat#HY-112226; MedChemExpress, NJ, USA) was performed immediately after surgery via
intraperitoneal injection. VRT-043198 was dissolved in 10% dimethyl sulfoxide (DMSO) (Cat#HY-Y0320;
MedChemExpress, NJ, USA), 20% SBE-β-CD (Cat#HY-17031; MedChemExpress, NJ, USA), and 70% sterile saline.
The mice in the sham and AEL groups were only administered an equal amount of solvent without VRT-043198. Ten
mice in each group were selected to participate in the Morris Water Maze test 30 days post-surgery (n =10). On day 34,
the mice were terminated, immunofluorescence staining (n =5) and Western blot (n =5) were performed. Five mice in
each group were sampled 24h after surgery to assess the inflammatory response (n =5), including caspase-1 activity,
PPAR-γ, serum IL-1β and IL-18.

Abdominal Exploratory Laparotomy
Abdominal exploratory laparotomy was performed to stimulate PND in aged mice, as described by previous studies.22,23

Anesthetic induction started with 7–8% sevoflurane followed by 3–4% sevoflurane for maintenance via face mask. Mice
were kept warm at 37°C–38°C using a warming pad. Abdominal exploratory laparotomy was performed as follows: (1)
the abdomen was shaved and cleaned with 75% alcohol; (2) a 1-cm midline incision was given; (3) the liver, spleen,
colon, and stomach were gently manipulated using a sterile probe (10 min); (4) the small intestine (approximately 5 cm)
was exteriorized out of the peritoneal cavity; covered with saline gauze, and then gently kneaded with fingers (20 min);
(5) the muscle and skin were sutured with 6-0 Prolene; (6) local anesthesia was given at the site of incision with 0.2%
ropivacaine (100 μL) for analgesic purposes. In the sham group, a skin and muscle incision was sutured under anesthesia.
Similarly, an incision block using 0.2% ropivacaine (100μL) was given.

https://doi.org/10.2147/NDT.S364250

DovePress

Neuropsychiatric Disease and Treatment 2022:181028

Tang et al Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Caspase-1 Activity, IL-1β and IL-18 ELISA Analysis
Twenty-four hours post-surgery, the mice were administered heparin saline via the aorta after deep anesthesia with
sevoflurane. The hippocampal tissues were isolated using a stereoscopic microscope and homogenized. Total protein was
then extracted and quantified by BCA assay. According to the manufacturer’s protocol, the level of caspase-1 activity
(Cat#C1102, Beyotime) was analyzed. Lastly, the serum from the collected blood sample was used to evaluate the levels
of IL-1β (Cat#PI301, Beyotime) and IL-18 (Cat#EK0411, Boster, Wuhan, China).

Morris Water Maze Test (MWM)
Thirty days post-surgery, the changes in memory and learning ability were assessed using the Morris Water Maze test.
The mice were placed in a circular container (diameter, 2 m) filled with white water (25 ± 1 °C). At the training stage
(day 1 to day 4), the mice searched for a fixed platform in quadrant I, 0.5 cm below the water from quadrants I–IV. If the
mice were unable to find the platform within 90s, they were trapped on the platform for 30s. At the testing stage (day 5),
the movements of the mice from quadrant III were video captured. The indicators, including escape latency, the crossing
platform times, the ratio of distance and time in the targeted quadrant, and speed, were analyzed with software provided
by XinRuan Co., Ltd. (Shanghai, China).

Immunofluorescence
At the end of the Morris water maze test (Thirty-four days post-surgery), mice were perfused with heparin saline and 4%
paraformaldehyde via the aorta after deep anesthesia with sevoflurane. Their hippocampal tissue was dehydrated in a series
of graded ethanol solutions, vitrified, and embedded in paraffin. Subsequently, 4-μm thick paraffin slices were cut and
dewaxed. The slices were rehydrated with alcohol; incubated with 0.1% Triton X-100 (Cat#T8200, Solarbio, Bejing,
China) for 30 min and sealed with 5% standard bovine serum (Cat#A8010, Solarbio) for 1 h at a temperature of 25°C. After
rinsing with PBS, polyclonal goat anti-Iba1 (Cat#ab5076, 1:400; Abcam, Cambridge, UK), monoclonal mouse anti-GFAP
(Cat#K200067M, 1:400; Solarbio), polyclonal rabbit anti-CD86 (Cat#K000343P, 1:400; Solarbio), polyclonal rabbit anti-
C3 (Cat#K004838P, 1:400; Solarbio) and monoclonal mouse anti-NeuN (Cat#K009907M, 1:400; Solarbio) were used as
a primary antibody. The slices were then infiltrated with the primary antibody at a temperature of 4°C overnight. Similarly,
a secondary antibody was made consisting of Cy3-conjugated donkey anti-goat IgG (Cat#A0502, 1:1000; Beyotime), Cy3-
conjugated goat anti-mouse IgG (Cat#A0521, 1:1000; Beyotime) and FITC goat anti-rabbit IgG (Cat#A0562, 1:1000;
Beyotime). The latter was used to infiltrate the slices over 1 h after 3 consecutive washouts with PBS. The nuclei were
labeled using 4′,6-diamidino-2-phenylindole (DAPI) (10μg/mL, Cat#C1002, Beyotime). A fluorescence microscope
(DP70, Olympus, Japan) was used for imaging purposes. Six fields with a magnification of ×400 in 3 sections were
randomly selected from each group. Subsequently, the intensity, and number of A1-type astrocytes and M1-type microglia
were analyzed using Image-Pro Plus 6.0 (NIH, Bethesda, MD, USA).

Western Blot
Twenty-four hours and Thirty-four days post-surgery, protein samples were acquired as mentioned above (caspase-1
activity). Thirty microgrammes of hippocampal tissues were mixed with loading buffer (Cat#P0015, Beyotime), boiled,
and the proteins were separated by SDS-PAGE (12%) and shifted to a PVDF membrane. 5% skimmed milk was then
used to block the PVDF membrane for 2 hours at a temperature of 25 °C. After three washes (5minutes each) with TBS-
T, the PVDF membrane was incubated with primary antibodies monoclonal rabbit anti-peroxisome proliferator-activated
receptor-γ (PPAR-γ) (Cat#ab272718, 1:500; abcam), polyclonal rabbit anti-BDNF (Cat#K008206P, 1:400; Solarbio), and
polyclonal rabbit anti-NGF (Cat#K101525P, 1: 500; Beyotime) at a temperature of 4°C overnight. On the following day,
the PVDF membrane was incubated with a secondary antibody (HRP Conjugated AffiniPure Goat Anti-rabbit IgG, Cat#
BA1055, 1:2000; Boster, Wuhan, China) at a temperature of 25°C over 1 hour. Following incubation with ECL
chemiluminescence solution (Cat#AR1173, Boster) for 5 min at 25 °C, the intensity of the targeted bands was analyzed
using Image Lab software (Version 6.0, Bio-Rad Laboratories, MD, USA). GAPDH (1:1000, Cat#K106389P, Solarbio)
was used as an internal reference.
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Statistical Analysis
In this study, all mice were randomly assigned to different groups, and none were excluded. According to previous
reports, the incidence of PND in aged mice is about 40–50%,22,24 and the response rate of VRT-043198 against
neurological dysfunction is about 50–60%.25,26 Sample sizes (n =5 each group) were predetermined using existing
data to obtain an overall power of α =0.05 and β =0.8. All data were expressed as mean ± standard deviation (SD) and
analyzed using GraphPad Prism 5 software (GraphPad Software, San Diego, CA, USA). The groups were compared
using either one-way analysis of variance (ANOVA) followed by Bonferroni’s post hoc tests or two-way analysis of
variance followed by Turkey’s post hoc (for escapes latency of Morris Water Maze test). P <0.05 was considered
statistically significant.

Results
VRT-043198 Administration Reduces Cognitive Dysfunction Induced by Abdominal
Exploratory Laparotomy
A remarkable decrease in escape latency was found (Two-way ANOVA; time: F3, 140 =591.6, P <0.0001; group: F4, 140 =37.18,
P <0.0001; interaction: F12, 140 =6.043,P <0.0001; Figure 1A andB) in the five groups. There was a significant increase in escape
latency at 3 days after training in the Morris Water Maze test in the AEL and AEL+LV group compared with the sham group (vs
AEL, P <0.0001; vs AEL+LV, P <0.0001; Figure 1A and B). At 4 days after training, mice in the AEL (P <0.0001), AEL+LV
(P <0.0001), AEL+MV (P =0.0386), and AEL+HV (P =0.0357) group exhibited higher escape latency than mice from the sham
group. On the testing day, the mice exposed to abdominal exploratory laparotomy exhibited a decrease in the crossing platform
times (P <0.0001; Figure 1C). Those mice also showed a reduced ratio of distance (P <0.0001; Figure 1D) and time (P <0.0001;
Figure 1E) in the targeted quadrant relative to sham-treated mice. It was also found that medium- (vs AEL, P <0.0001) and high-
dose (vs AEL, P =0.0008) of VRT-043198 administration both increased the crossing platform times after surgical exposure
(Figure 1C). Moreover, mice in the AEL+MVand AEL+HV group both exhibited a higher ratio of distance (AEL+MV vs AEL,
P =0.0019; AEL+HV vs AEL, P =0.0111) and time (AEL+MV vs AEL, P =0.0006; AEL+HV vs AEL, P =0.0033) in the
targeted quadrant compared with the AEL group (Figure 1D and E). However, low-dose VRT-043198 administration failed to
improve the crossing platform times the ratio of distance and time in the targeted quadrant. There was no significant difference in
the speed among mice in the five groups (Figure 1F). Notably, there was no significant difference of the crossing platform times
the ratio of distance and time in the targeted quadrant between mice exposed to medium- and high-dose VRT-043198 after
surgery (Figure 1C–E). To sum up, high-dose VRT-043198 showed no advantage to reverse the abdominal exploratory
laparotomy-induced cognitive dysfunction compared with medium-dose VRT-043198 that was further studied in the next step.

VRT-043198 Administration Mitigates Pyroptosis-Associated Inflammation in the Early
Stage After Surgery
The activity of caspase-1 in the hippocampus was also investigated in this study. The serum levels of IL-1β and IL-18 were
evaluated to assess inflammatory response after surgery. In the present study, data showed that caspase-1 activity was
significantly increased in mice that underwent surgery compared with mice in the sham group (vs sham, P <0.0001;
Figure 2A). It was also found that the serum levels of IL-1β (vs sham, P <0.0001; Figure 2B) and IL-18 (vs sham,
P <0.0001; Figure 2C) were both increased in the AEL group as compared to the sham group. However, medium-dose
VRT-043198 administration in the AEL+MV group significantly attenuated caspase-1 activity (vs AEL, P =0.0009;
Figure 2A), the levels of serum IL-1β (vs AEL, P =0.0005; Figure 2B) and IL-18 (vs AEL, P <0.0001; Figure 2C) compared
to mice that underwent surgery. In addition, there was a significant difference in caspase-1 activity (vs sham, P <0.0001;
Figure 2A), the levels of serum IL-1β (vs sham, P =0.0010; Figure 2B) and IL-18 (vs sham, P =0.0222; Figure 2C) between
sham and AEL+MV groups. In addition, we found that the expression in PPAR-γ, which serves as a potential anti-
inflammatory facor,27 was increased after surgical exposure (AEL vs sham, P <0.0001; Figure 2D and E), and further
upregulated by VRT-043198 in the AEL+MV group compared with the AEL group (vs AEL, P <0.0001; Figure 2D and E).
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VRT-043198 Administration Mitigates Neuronal Injury in the Late Stage After Surgery
Growing evidence demonstrated that the decline of memory and learning ability was associated with neuronal degenera-
tion in the hippocampus.28,29 The neuronal amount indicated by NeuN-positive cells in the region of CA1 was
significantly attenuated post- abdominal exploratory laparotomy in the AEL group compared with the sham group (vs
sham, P =0.0001; Figure 3A and B). However, VRT-043198 administration after surgery induced a significant increase in
neuronal amount (vs AEL, P =0.0241; Figure 3A and B). The neurotrophin nerve growth factor (NGF) and brain-derived
neurotrophic factor (BDNF) in the brain are crucial for the survival, maintenance and regeneration of neurons.30 The
study showed that the expression in NGF (vs sham, P <0.0001; Figure 3C and D) and BDNF (vs sham, P <0.0001;
Figure 3C and E) were heavily reduced after surgical exposure. On the other hand, VRT-043198 increased the expression
of NGF (vs AEL, P <0.0001; Figure 3C and D) and BDNF (vs AEL, P <0.0001; Figure 3C and E) in the AEL+MV
group compared with the AEL group.

Figure 1 VRT-043198 administration mitigated abdominal exploratory laparotomy-induced memory and learning dysfunction (A) Trajectories generated from the Morris
water maze test, 34 days post-surgery. AEL: mice were treated with abdominal exploratory laparotomy to stimulate perioperative neurocognitive disorders. Sham: mice
underwent identical surgery except for abdominal exploratory laparotomy. LV, MV and HV: mice were administered with 1, 10 and 100 mg/kg VRT-043198, respectively, via
intraperitoneal injection. (B) Escape latency from 30 to 33 days post-PND. (C–F) The platform crossing times, the ratio of the distance in the targeted quadrant, the time in
the targeted quadrant, and the average swimming speed 34 days post-surgery. Data are presented as the mean ± SD (n =10). *P <0.05, **P <0.01, ***P <0.001, ****P <0.0001.
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VRT-043198 Administration Mitigates Inflammatory Response in the Late Stage After
Surgery
Previous studies reported that chronic inflammatory response induced astrocytic and microglial activation in the
hippocampus.31,32 In this study, it was found that abdominal exploratory laparotomy led to a significant increase in the
intensity of GFAP (vs sham, P <0.0001; Figure 4A and B) and Iba1 (vs sham, P <0.0001; Figure 4D and E), while VRT-
043198 administration partially reversed these changes (vs AEL, P <0.0001 for GFAP; vs AEL, P =0.0002 for Iba1;
Figure 4A, B, D and E). In the present study, A1-type astrocytes indicated by C3 complement33 and M1-type microglia
indicated by CD8634 were selected as biomarkers of inflammatory response in the late post-surgical stage. As seen in
Figure 4, compared with sham-treated mice, a significant increase in mice exposed to abdominal exploratory laparotomy
was observed in the A1-type astrocytes (vs sham, P <0.0001; Figure 4A and C) and M1-type microglia (vs sham,
P <0.0001; Figure 4D and F) of the CA1 region. However, compared with mice in the AEL group, medium-dose VRT-
043198 administration after surgery significantly reduced A1-type astrocytes (vs AEL, P =0.0002; Figure 4A and C) and
M1-type microglia (vs AEL, P <0.0001; Figure 4D and F).

Discussion
This study demonstrated that VRT-043198 administration alleviated abdominal exploratory laparotomy-induced cogni-
tive dysfunction by inhibiting caspase-1 activity. Hence, significantly improving the crossing platform times and escape
latency. VRT-043198 administration also increased the neuronal amount, NGF and BDNF expressions while decreasing
A1-type astrocytes and M1-type microglia. Collectively, this study documented that VRT-043198 has a potential role
against PND through restoring the NGF and BNDF expression.

Figure 2 VRT-043198 administration mitigated abdominal exploratory laparotomy-induced pyroptosis-associated inflammation at the early stage. (A) Changes in
hippocampal caspase-1 activity 24h post-surgery. (B–C) Changes in serum IL-1β and IL-18 24h post-surgery. (D) Representative blots of PPAR-γ 34 days post-surgery.
(E) The ratio between the optical density value of PPAR-γ and GAPDH in the hippocampal tissue was evaluated by Western blot assay. Data are presented as the mean ± SD
(n =5). Sham, AEL, and MV are described above. *P <0.05, **P <0.01, ***P <0.001, ****P <0.0001.
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Herein, the effect of VRT-043198 against PND in a model of abdominal exploratory laparotomy in aged mice was
explored. Many studies have demonstrated that abdominal exploratory laparotomy could trigger the process of PND,
inducing a significant long-term effect on memory and learning ability.35,36 Collected data revealed that abdominal
exploratory laparotomy provoked a significant decline in cognition, evidenced by decreased platform crossing times. It is
also associated with a reduced ratio of distance and time in the targeted quadrant, which was consistent with a previous
study.22 Several studies suggested that PND following surgery was associated with neuronal injury and dysregulation of
neurotrophic factors.37–39 Here, it was found that abdominal exploratory laparotomy reduced the neuronal amount and
also attenuated the expressions of NGF and BDNF. Notably, the cerebral tissue was sampled under sevoflurane
anesthesia, but sevoflurane anesthesia alone may have no impact on cognitive function as previous studies
described.40,41 In addition, the control group eliminated the potential difference of pathology and molecules induced
by sevoflurane anesthesia under sampling condition. These results suggested that cognitive dysfunction was successfully
triggered in this PND model. Additionally, neuronal injury and the decline of neurotrophic factors in the hippocampus
were related to PND.

It has been established that both acute and chronic inflammatory responses participate in the pathophysiology of
perioperative neurocognitive disorders.42,43 In the present study, it was found that serum inflammatory factors, such as
IL-1β and IL-18, were significantly increased at an early stage after surgery. In this context, it has been reported that
proinflammatory cytokines, including IL-1β and IL-18, can lead to neuronal damage during ischemia or infection.9,44

Notable astrocytic and microglial activation in the CA1 was demonstrated in this study, which corroborates with
a chronic inflammatory response in previous studies.45,46 In this regard, the blood-brain barrier dysfunction induced by
inflammatory cytokines following surgical trauma reportedly facilitates the entry of IL-1β in the central nervous system,
resulting in glial activation such as A1-type astrocytes and M1-type microglia in the CA1 region.47 IL-1β is also
considered a vital contributor to the process of chronic neuroinflammation in the hippocampus.48 The chronic inflam-
matory response in the brain results in the decline of neurotrophic factors, subsequently leading to neuronal
degeneration.49,50 These findings suggest that pyroptosis-associated inflammation participates in the process of PND.

Figure 3 VRT-043198 administration mitigated abdominal exploratory laparotomy-induced neuronal injury at the late stage. (A) Representative photomicrographs of NeuN
staining. 400× magnification, scale bar =50 μm. (B) Changes in neuronal amount (NeuN+ cell count) in the CA1 region 34 days post-surgery. (C) Representative blots of
NGF and BNDF 34 days post-surgery. (D–E) The ratio between the optical density value of NGF, BNDF and GAPDH in the hippocampal tissue was evaluated by Western
blot assay. Data are presented as the mean ± SD (n =5). Sham, AEL, and MV are described above. *P <0.05, ***P <0.001, ****P <0.0001.
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VRT-043198 has been reported to be an anti-inflammatory agent that can inhibit caspase-1 activity. The latter is
induced by inflammation.19 VRT-043198 was found to significantly attenuate caspase-1 activity, decrease the serum
levels of IL-1β and IL-18, and increased PPAR-γ expression at the early post-surgical stage. Activated caspase-1
reportedly results in the activation of IL-1β and IL-18 and drives rapid pyroptosis.51 Downregulation of PPAR-γ
mediated by activated caspase-1 is suggested to result in activation of transcription factors such as nuclear factor-κB
(NF-κB), and liver-specific inhibitor of κB kinase β (Ikkb).52 There is overwhelming evidence that the attenuation of IL-
1β and IL-18, and accumulation of PPAR-γ contribute chronic inflammatory response.52,53 The findings revealed that
VRT-043198 administration reduces memory and learning dysfunction, as indicated by the Morris Water Maze tests. It
also increases the neuronal amount and the levels of neurotrophic factors. In the late stage, VRT-043198 dampens the
chronic inflammatory response of A1-type astrocytes and M1-type microglia. Studies have shown that chronic inflam-
matory response after early pyroptosis was involved in neuronal degeneration.54,55 In an apical periodontitis rat model,
suppressing caspase-1 activity at the acute stage both reduces the early and chronic inflammatory responses.56 These
results revealed that the VRT-043198-induced improvement in cognitive dysfunction might be mediated by suppressing
pyroptosis-associated inflammation at both the early and late stages.

Several limitations of the current study should be documented. We only evaluated the expression of PPAR-γ under
PND condition, but other anti-inflammatory factors including IL-10, and p38 mitogen-activated protein kinase (p38
MAPK), and transcription factors such as NF-κB, and Ikkb should further explored. In addition, only Morris Water Maze

Figure 4 VRT-043198 administration mitigated abdominal exploratory laparotomy-induced glial activation at the late stage. (A) Representative photomicrographs of GFAP
and C3 complement plus DAPI staining (GFAP, red; C3 complement, green; DAPI, blue). 400× magnification, scale bar =50 μm. (B) Changes in GFAP intensity in the CA1 34
days post-surgery. (C) The percentage of GFAP combined with C3 complement-positive cells (A1-type). (D) Representative photomicrographs of Iba1 and CD86
complement plus DAPI staining (Iba1, red; CD86, green; DAPI, blue). 400× magnification, scale bar =50 μm. (E) Changes in Iba1 intensity in the CA1 region 34 days post-
surgery. (F) The percentage of Iba1 combined with CD86-positive cells (M1-type). Data are presented as the mean ± SD (n =5). Sham, AEL, and MV are described above.
**P <0.01, ***P <0.001, ****P <0.0001.
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test was used to assess the learning and memory ability, and other types of behavioral tests for cognitive impairments
should be performed in the further study.

In conclusion, VRT-043198 administration improves cognitive dysfunction in mice that underwent abdominal
exploratory laparotomy. The mechanism involves the inhibition of pyroptosis-associated inflammation and the restoration
of the NGF and BNDF expression. Although VRT-043198 demonstrates promising clinical prospects for PND treatment,
further studies are required to have a better understanding of the underlying mechanisms.
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