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Abstract
Cognitive decline represents a critical global health challenge, with cases expected to reach 78 million by 2030. Blood-brain barrier (BBB) disruption has
emerged as an early pathological event preceding cognitive impairment, yet the underlying mechanisms remain poorly understood. Neutrophil extracellular
traps (NETs) have been implicated in endothelial injury and neurovascular dysfunction, but their specific role in neurodegeneration requires further
investigation. This comprehensive study examined the mechanistic contribution of NETs to BBB disruption, neuroinflammation, oxidative stress,
mitochondrial dysfunction, and hippocampal neuronal damage using a lipopolysaccharide (LPS)-induced inflammatory mouse model. While DNase1 was
administered to degrade NETs and assess therapeutic efficacy. Immunofluorescence studies revealed neutrophil elastase, an abundant component of NETs,
accumulated in the hippocampal dentate gyrus and choroid plexus in LPS administered mice. While Behavioral studies performed using Rotarod, Novel
Object Recognition (NOR), and Y-maze demonstrated that LPS induced significant deficits in motor coordination, spatial memory, and cognitive function,
which were substantially improved by DNase1 treatment. Evans blue dye extravasation assays revealed increased BBB permeability in LPS treated mice,
supported by decreased transcript levels of claudin-5 expression. DNase1 administration restored BBB integrity & claudin-5 levels. Biochemical assays
revealed that NETs induced oxidative stress and mitochondrial dysfunction, evidenced by altered catalase, superoxide dismutase, lipid peroxidation, and
citrate synthase activity, which were ameliorated by DNase1 treatment. qPCR studies confirmed the upregulation of pro-inflammatory cytokines TNF-α, IL-1β,
IL-6 in LPS treated mice, which decreased after DNase1 treatment. while H&E staining results showed severe neuronal damage. These findings establish
NETs as critical mediators of BBB leakage, an pathological event which precedes neurodegeneration and cognitive decline and identify DNase1 mediated
NET clearance as a promising therapeutic strategy for age related cognitive decline.

1. Introduction
Increase in the lifespan due to advancement in the healthcare system had resulted in an increase in the incidence of age associated comorbidities including
neurodegenerative, cardiovascular and metabolic diseases. Cognitive impairment is a major health issue for the ageing populations in terms of number,
difficulty in detection at early stage, lack of definitive therapy, need for prolonged nursing care and economic cost. There are several vascular anomalies
which may play important roles in the pathophysiology of cognitive impairment, including blood brain barrier (BBB) leakage (1, 2), an unique property of brain
vasculature by which it tightly regulates the movement of molecules and cells between the brain and blood (3). The major component of the BBB is
endothelial cells which are held together with the help of tight junction proteins like claudin, occludin and zona occludens (ZO) (4), which are essential for the
maintenance of BBB integrity (5).

BBB impairment can lead to cognitive impairment and neurodegeneration as per several in vivo and clinical studies, it is recognized as a major pathological
event occurring during the early stages of cognitive impairment (6–9) as well as neurodegenerative diseases like Alzheimer’s disease (AD) (10–12). In terms
of mechanism, initial compromise in the BBB integrity, creates a potent chemotactic gradient of pro-inflammatory cytokines and chemokines such as IL-1β
and TNF- α (19)(20). Activation of brain endothelium by IL-1β and TNF-α upregulate adhesion molecules, facilitating integrin-mediated neutrophil adhesion
and subsequent transmigration into the parenchyma (21). Subsequently, neutrophils undergoes a type of cell death termed as NETosis, which was first
discovered by Brinkmann et al (13) and refers to the release of NETs and involves chromatin de-condensation that occurs through PAD4-mediated
deamination of nuclear histones (14). The component of NETs includes cell-free DNA (cfDNA), histones, citrullinated histone H3 (H3Cit), elastase and
myeloperoxidase (MPO) (15).

Components of NETs increases with aging as reported by one of our previous studies and others (16–19). We had shown that administration of DNase 1 can
reduces the burden of NETs and protect against disease age-related deep vein thrombosis (17). Suttorp et al had shown neutrophil elastase can increases
the permeability of cultured pulmonary endothelial cell monolayers (20). Furthermore, neutrophil depletion reduces BBB breakdown and increases
neovascularization following stroke (21). In addition, depletion of neutrophils using anti-Ly6G can attenuate the severity of AD in transgenic 5xFAD and 3xTg-
AD murine models (22). However, at present no studies exists that that systematically evaluate how NETosis mediated BBB disruption during LPS‑induced
inflammation contributes to cognitive decline. We used LPS‑driven murine model of systemic neuroinflammation to understand mechanistic role of NETs
mediated cognitive decline and BBB leakage. The mechanistic involvement of NETosis was specifically addressed through intraperitoneal (IP) administration
of DNase1, that exhibits the potential to clear NETs through cfDNA degradation. Additionally, the effect of NETosis inhibition was reported on hippocampal
and cortical damage, mitochondrial injury, oxidative stress and neuroinflammation.

2. Methodology
2.1 Animals and Treatment plan: We used a total number of 24 animals of 3–4 months old male C57BL/6 mice with average weight of 18–20 grams were
procured from the VYAS Labs, Hyderabad, and were quarantined for 5 days for acclimatization in light/dark cycle and ad libitum. The study was approved by
the Institutional Animals Ethics Committee (IAEC) and complied with the guidelines set by Committee for the Purpose of Control and Supervision of
Experiments on Animal (CPCSEA). Mice were categorized into three different groups with 8 mice in each group as follow: Control (received Saline), LPS
(1mg/kg), and DNase1 (1mg/kg). All the treatments were received intraperitoneally followed by weight management throughout the treatment period.
2.2 Immuno-fluorescence study: Immunofluorescence study was performed to visualize the NETs and their components in the Coronal sections of
brain(23). Coronal brain sections (5 µm) were fixed in 4% paraformaldehyde, dehydrated through increased concentrations of ethanol, cleared in xylene, and
were embedded in paraffin as per the established protocols (24). Heat induced antigen retrieval was performed in 10 mM sodium citrate, pH 6.0 at 95°C, and
0.4% Triton X-100 for 10 minutes was used for permeabilization. Nonspecific binding of endogenous peroxidases was blocked with 3% H₂O₂ in methanol,
followed by blocking in 5% BSA. Neutrophils infiltration was probed with rabbit anti-neutrophil elastase IgG (NE; 1:1000) and FITC-conjugated goat anti rabbit
IgG (1:5000) from cloud clone corp., was used. Imaging was performed using confocal microscopy from OLYMPUS FUV 4000 and % of area of occupancy in
hippocampal dentate gyrus was quantified via ImageJ analysis(25).
2.2 Behavioral Studies:
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2.2.1 Rotarod test: The rotarod test is performed for motor coordination and balance in mice(26). The test was conducted for 3 days, which included 2 days
of training period and one day for the test. During the training period, each mouse was placed individually on a rod rotating at a constant speed of 10 rpm,
where it was allowed to acclimatize and learn to balance its posture. Each mouse underwent three training trials per day (T1, T2, T3), with a 15-minute
interval between each trial. Upon completion of each trial, the animals were returned to their home cages for the resting period. On the test day, each mouse
was placed on the rotarod apparatus, with the speed of 20 rpm over a 300-second interval. We recorded the elapsed time, which is the latency of each mouse
to fall, from the rotarod.
2.2.2 Y Maze test: The Y-maze behavioral study is generally performed to assess the immediate short term memory, The spontaneous alteration behavior of
mice is generally recorded to assess the spatial working memory(27). It is conducted using an Y shaped maze-like apparatus composed of three arms
positioned symmetrically at 120° angle, with each arm measuring 35 cm in length, 6 cm in width, and 13 cm in height. The procedure initially involved
carefully placing mice at center followed by continuously monitoring their different arm entries as exploratory behavior over a fixed 8-minute observation
period. Throughout the entire study, a valid arm entry was defined only when the mouse’s entire body, including its tail, was fully within an arm, which ensured
accuracy in the behavioral assessment. Spontaneous alternations were recorded as consecutive entries into three different arms and percentage of
alternation calculated by using the formula below.

2.2.3 Novel object recognition (NOR) test: NOR assay is usually performed to understand the recognition memory and the spatial working memory in
mice(28). The entire study was conducted in an acrylic open field box measuring 40 × 50 × 50 cm, the entire procedure includes three phases: habituation,
training, and testing. During the 2-day habituation phase, each mouse was placed individually in the box for 5–10 minutes to acclimate to the environment
before being returned to its home cage. During the training period, each mouse was put into the box with two identical objects and given ten minutes to freely
explore. After one hour the mice were put back in the test chamber with one familiar object and one new object given ten minutes to explore. Object
explorations like rearing and nosing were determined by tracking with the mouse's head near the object with interaction times noted for both familiar and
novel objects.

The following formula was used to determine the cognitive index (CI):

2.3 Assessment of BBB Integrity: 2.3.1. Evans Blue (EB) extravasation test: To analyze the BBB permeability in brain, Mice were administered
intraperitoneally with 5 ml/kg of body weight EB followed by euthanization after 4 hours. A part of Brain tissue was homogenized in 50% trichloroacetic acid
(w/v) and EB concentration was determined by measuring the absorbance at 610 nm and normalized to the wet weight of brain tissue as described by
Manaenko et al (29).
2.3.2 q-PCR for Claudin-5: Total RNA was isolated using TRIzol using the standard procedures and treated with DNase I at 65°C to eliminate genomic DNA
contamination. 1 µg of RNA was reverse-transcribed to cDNA using the Revert-Aid First Strand cDNA Synthesis Kit (Invitrogen). Claudin‑5 mRNA was
amplified using SYBR Green based real‑time PCR on a CFX Opus system (Bio‑Rad) and expression was quantified using the comparative  method,
with GAPDH was used as housekeeping reference gene.

All the assays mentioned below were carried out using brain tissue, homogenized in 1.15% KCl prepared in 50 mM phosphate buffer (pH 7.4).
2.4.1 Lipid peroxidation assay: Lipid peroxidation in brain was quantified by measuring malondialdehyde (MDA), using a thiobarbituric acid reactive
substances (TBARS) assay(30). Brain tissue homogenate was precipitated by addition of 2.5%(w/v) trichloroacetic acid (TCA) for 5 min, followed by
centrifugation at 4,000 rpm for 5 min. The resulting supernatant was mixed with an equal volume of freshly prepared TBA reagent in acetic acid, followed by
the incubation at 95°C for 1 hour to allow formation of the MDA–TBA adduct. After cooling to room temperature in a water bath, the absorbance of the pink
chromogen was recorded at 532 nm, and MDA concentration was calculated using a molar extinction coefficient of 1.56 × 10⁵ M⁻¹cm⁻¹. MDA levels were
normalized to tissue weight and expressed as nmol/mg of tissue weight.
2.4.2 Catalase Activity: Catalase activity was measured to evaluate the antioxidant defense against hydrogen peroxide (H₂O₂) induced oxidative stress(31).
Around 30 µL of tissue homogenate was added to 3 mL of freshly prepared 30 mM H₂O₂ in 50 mM phosphate buffer (PB) (pH-7.0). The changes in the
absorbance due to H₂O₂ decomposition was monitored spectrophotometrically at 240 nm for 3 minutes, using a molar extinction coefficient of 43.6 M⁻¹cm⁻¹
for H₂O₂ catalase enzyme activity (U/mg) of brain tissue was calculated for enzyme required to decompose 1 µmol of H₂O₂ per minute under the assay
conditions.
2.4.3 Superoxide dismutase (SOD) activity: SOD activity in brain tissue was determined by a nitro blue tetrazolium (NBT) reduction assay based on the ability
of SOD to inhibit superoxide-driven formazan formation(32). The reaction mixture contained 50 mM sodium carbonate buffer (pH-10.2), 0.1mM EDTA, 1.2
mM NBT, and 1 mM hydroxylamine hydrochloride, to which 50 µl of brain homogenate was added. The increase in absorbance of the NBT formazan complex
was monitored spectrophotometrically at 560 nm. SOD activity was calculated from the percentage inhibition of NBT reduction relative to a blank.
2.4.4 Citrate synthase activity: Citrate synthase activity was estimated spectrophotometrically using a optimized protocol from Shepherd et al (33). This
assay evaluates the total mitochondrial damage in the brain tissue homogenate. The reaction mixture consists of 50 mM phosphate buffer (pH 7.4), 0.4 mM
of 2-nitrobenzoic acid (DTNB), 0.1 mM oxaloacetate, and 0.3 mM acetyl-CoA. The reaction was initiated by adding brain tissue homogenate, and the kinetic
changes in absorbance was recorded at 412 nm for 10 minutes using a microplate reader and calculated the specific enzyme activity.
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2.5 Assessment of Pro-/anti neuro inflammatory markers using q-PCR: The transcriptional levels of IL-1β, IL-6, TNF-α, were quantified using Real-Time
quantitative PCR (RT-qPCR) with the synthesized cDNA as a template according to section 2.3.2. Amplification was carried out with SYBR Green Master Mix
on a CFX Opus Real-Time PCR System (Bio-Rad) with primer sequences listed in Table 1. GAPDH was used as the housekeeping gene, and relative
expression was calculated by the method.
2.6 H&E Staining for assessment of Histopathological changes: To observe the changes induced by LPS mediated Inflammation to the cellular architecture
and histopathological changes like morphology, cellular damage, pyknotic nuclei, hyperchromatic cells and vacuolation in the mice brain tissue, the brain
sections as mentioned in the above section 2.2, after rehydration were stained with hematoxylin for nuclear visualization, and counterstained with eosin to
visualize cytoplasmic and extracellular components. Slides were mounted with and observed under microscope followed by Image analysis using FIJI image
software and the area covered by the deeply stained neuronal cells, hippocampal cell morphology, Pyknotic nuclei, and vacuolation are quantified using
standard Brain Atlas sources and references (34).
2.7 Statistical Analysis

Table 1
shows the forward and reverse Primers sequences used for q-PCR study for pro and anti-

inflammatory markers ordered from Eurofins.

Primer sequences used for q-PCR study for pro and Anti inflammatory markers

Genes Forward (5’-3’) Reverse (5’-3’)

IL-1β AGCATCCAGCTTCAAATC CTTCTCCACAGCCACAAT

IL-6 GACAAAGCCAGAGTCCTTCAGAGAGA GGTCTTGGTCCTTAGCCACTCCTT

TNF-α TCTCATTCCTGCTTGTGGC CACTTGGTGGTTTGCTACG

Oridnary one-way Anova (multiple comparisons) were applied to make statistical comparisons between each groups. The data is represented as mean ± S.E.,
and any observed statistically significant differences were determined for P values < 0.005. The statistical analyses were performed with GraphPad Prism
software (8.0.2).

3. Results
3.1 LPS treatment resulted in the NETs accumulation within Hippocampal Dentate Gyrus, which was cleared using DNase1

In order to determine if DNase1 mediated degradation of cfDNA that can reduces NETs accumulation within the brain parenchyma, we performed
immunofluorescence study using rabbit anti NE IgG and FITC conjugated goat anti rabbit IgG. Quantitative analysis of percentage area covered by the NE-
FITC signals using ImageJ with adjusted threshold showed a significant increase in NE fluorescence intensity in LPS group versus saline controls (P < 0.05)
(Fig. 1). Supplementary figure SF1-SF3 shows the NE-FITC signals observed in the dentate gyrus of the hippocampal region at 20x magnifications and SF4-
SF5 represents in higher magnification of 60x. NE signals appeared as granular thread-like structures resembling NETs and predominantly present in the
granular cell layers of dentate gyrus, while the regions like Choroid Plexus have shown the direct deposition of these NE signals infiltrating into the Dentate
Gyrus. Supplementary figure S6-SF7. While DNase1 treatment significantly reduced NE intensity. These results demonstrated that the LPS induced
neutrophils infiltration and NETs accumulation within brain parenchyma and, while DNase1 attenuated the neutrophil accumulation and NETs release within
dentate gyrus.

3.2 DNase1 mediated NETs clearance mitigated cognitive deficits in mice:
Protective effect of DNase1 mediated NETs clearance on cognitive function and motor coordination was determined using a battery of behavioral tests
including rotarod, Y Maze and NOR. Using fix speed rotarod, latency to fall was calculated and we observed a significant decline in the LPS treated group
when compared with saline (P < 0.05), whereas the animals administered with DNase1 were able to stay on the rotarod for a longer period of time, although
the p values were non significant. (Fig. 2A). Percentage of alterations as determined by Y maze test significantly declines in mice upon treatment with LPS
(P), which was mitigated upon DNase1 mediated clearance of NETs (Fig. 2B). Similarly, mice administered with LPS exhibited a significantly reduced
discrimination index (DI) compared to the saline treated mice group as control (P < 0.05) using NOR, which implies impaired recognition memory assessed
by impaired exploration of a novel object. DNase1 administration following LPS treatment improved the DI (P > 0.05), demonstrating the recovery of cognitive
function indicated by increased exploration time with novel object (Fig. 2C). Taken together, these findings suggested that clearance of NETs using DNase1
confers protective effect against NETs dependent cognitive and motor impairment.

3.3 DNase1 attenuates NETs dependent BBB leakage:
We determined the protective effect of NETs inhibition on BBB integrity using EB extravasation and examined the mechanistic involvement of tight junction
protein by measuring the transcript level of claudin-5. Quantitative analysis of EB concentrations in the homogenized brain tissues indicated that LPS group
exhibited significantly elevated extravasation of EB into the brain parenchyma (P = 0.01) compared to saline control, which had minimal EB dye penetration.
On the other hand, animals treated with DNase1 exhibited lower penetration of the EB dye into the brain parenchyma (Fig. 3A).

The quantitative PCR analysis of tight junction protein cluadin-5, indicates decreased transcript levels upon LPS treatment within brain homogenates (P < 
0.05), which was brought back to the normal upon DNase1 mediated NETs (p < 0.05) (Fig. 3B).

2−Δ Δ CT
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3.4 NETs induce the oxidative stress and mitochondrial damage in brain:
We studied the effect of NETosis on the oxidative stress within brain by measuring the enzymatic activity of catalase, SOD and lipid peroxidation using
appropriate biochemical assays. The contribution of mitochondrial impairment was assessed by performing the activity assay for citrate synthase using
brain homogenate. The significant increase in NETs dependent ROS accumulation led to structural and functional damage of polyunsaturated fatty acids,
generating various reactive aldehydes especially MDA in cell membranes. Elevated levels of MDA when analyzed by TBA based chromogenic assay were
found in LPS treated brain tissues indicating increased lipid peroxidation and oxidative stress (Fig. 4a). While DNase1 treated mice subsequently lowered
MDA levels (P < 0.05) almost equal to saline controls, to possibly restore the cell membrane integrity and reducing NETs mediated oxidative damage.

LPS administration in the mice brain resulted in noticeable reduction in catalase activity within brain homogenate when compared to control (P < 0.05). This
decrease in catalase activity reflects the inability of neural tissue to efficiently reduce the exogenous H2O2. We also observed that DNase1 treatment,
restored catalase activity (P < 0.05) to the level of control group, indicating DNase1 ameliorates NETs-mediated oxidative damage (Fig. 4b). To our surprise,
we could not find any noticeable difference among different groups in terms of SOD activity (Fig. 4c), thus ruling out the possibility of free oxygen radicals in
mediating NETs dependent oxidative damage, which was primarily driven through peroxide dependent mechanisms.

We found a considerable reduction in specific enzyme activity of citrate synthase in the LPS treated brain homogenates when compared to control groups.
Additionally, brain homogenates from the animals treated with DNase1 exhibited pattern of increased citrate synthase activity comparatively similar to the
saline group (Fig. 4d). Although data indicated that NETs accumulation within brain is responsible for the compromised mitochondrial function as indicated
by the activity assay for citrate synthase, the values did not reach statistical significance.

3.5 NETs accumulation resulted in the elevation of pro-inflammatory cytokines
qPCR analysis demonstrated that NETs dependent elevation in the level of pro-inflammatory cytokines like IL-6, TNF-α, and IL-1β was reversed upon Dnase1
mediated NETs degradation (Fig. 5A-D). This suggests that LPS induced neuroinflammatory response via NET formation amplified the inflammatory
signaling responsible for the increased levels of pro inflammatory cytokines like IL6, TNF-α, and IL-1β within the brain tissue, that facilitates further
neutrophils and other immune cells recruitment contributing to neuronal injury.

3.6 Histopathological studies reveal hippocampal neuronal injury:
The coronal sections of brain stained with H&E when analyzed for the area covered by the deeply stained neurons using Fiji software, we found that the LPS-
treated mice brain exhibited higher infiltration of inflammatory cells (Fig. 6). The hippocampal cell layers appeared less compact and more diffused than
usual organized arrangement of neuronal cells within the Dentate gyrus regions of brain sections collected from LPS treated mice when compared with
control group. In addition, several cells displayed the intense dark blue stained nuclei, with condensed and shrunken appearance suggesting hyperchromatic
or pyknotic morphology in higher magnifications (Supplementary figure SF8-9). DNase1 treated mice brain exhibited similar dark blue stained, condensed
pyknotic nuclear arrangement in Dentate Gyrus while lesser inflammatory cells were noted indicating possible NET clearance.

4. Discussion
In our present study we elucidated the mechanistic role of NETs in BBB leakage which precedes the age associated comorbidities like cognitive decline using
LPS induced inflammatory model which has been widely accepted to induce NETs release (38). One of our previous studies reported an elevation in the
circulating markers for NETs in aged population and thus indicates their potential involvement in various age-related comorbidities, including cognitive
impairment (17). The current study described the mechanistic involvement of NETs in cognitive impairment modelled using LPS treatment in mice.

Our major findings include that the LPS treated mice have shown the direct deposition of the NE, an abundant protein released by neutrophils, signals within
the hippocampal, dentate gyrus, choroid plexus regions. LPS induced NETs release reduced the expression levels of claudin-5, an abundant endothelial tight
junction protein, that corroborates with the increased BBB leakage as examined using EB extravasation. This is further supported by significant motor &
cognitive deficits characterized by increased latency to fall in the rotarod test, decreased percentage of alterations in the Y-maze, and reduced discrimination
index in the NOR test, while DNase1 treatment mitigated the effects. We further observed the presence of deeply stained neuronal cells, severe vacuolation,
nuclear pyknosis, and reduced cellular density, across the dentate gyrus, using H&E staining, which directly explains the spatial and recognition memory
deficits observed in our behavioral studies. The results obtained were in line with the previous studies reports indicating the involvement of neutrophils
activation in the AD using transgenic 5xFAD and 3xTg-AD models (22) and also in Traumatic Brain Injury where the neutrophils actively infiltrated through
Choroid plexus region into CSF and vascular tissues in brain (35, 36).

To elucidate the cellular mechanism driving these behavioral deficits, we further identified that the LPS induced NETs upregulates pro-inflammatory
cytokines and resulted in excessive production of ROS. This oxidative stress overwhelmed cellular antioxidant defenses evidenced by decreased catalase
activity while elevating lipid peroxidation and impaired mitochondrial function. In contrast, DNase1 mediated clearance of NETs rescued the mice from these
effects, revealing informative biological patterns despite some variance in statistical significance. NETs and their enzymes damage the endothelial cells of
BBB facilitating the further recruitment of peripheral immune cells which creates a vicious cycle of cytokines and other immune cells promoting further
neutrophil infiltration, which in turn increases the BBB permeability (37, 38). The inflammatory cellular load and histopathological features are consistent with
previous studies where NETs-driven toll like receptor 9 (TLR9) activation induced neuronal endoplasmic reticulum (ER) stress and apoptosis, a mechanism
recently found to be implicated in the traumatic brain injury and likely operative in LPS-driven neuroinflammation as well (39, 40).
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An FDA‑approved DNase1 formulation termed Pulmozyme (dornase alfa) is a prescription inhaled enzyme used alongside standard therapies for the
management of cystic fibrosis (41). Since the formulation is already FDA approved, the initiation of clinical trials will not require prolonged studies for
examining toxicity and safety. While there are PAD4 inhibitors like GSK-484 and THIQs that suppress NET formations, they require optimizations and
micromolar concentrations make them unsuitable for clinical development which leaves critical gap for therapeutics to clear NET burden (42, 43). Hence,
DNase1 dependent clearance of NETs holds the potential as a novel therapeutic approach for the disorders based on NETs release and accumulation.

In summary, clearance of NETs through DNase1 administration mitigated LPS-induced cognitive dysfunction and its associated pathological hallmarks,
including BBB disruption, oxidative stress, neuroinflammation, and neurodegeneration. These findings can be further explored in diverse experimental models
such as age-related cognitive decline and transgenic models of neurodegenerative diseases. Moreover, this work establishes a foundation for future clinical
trials aimed at evaluating the therapeutic potential of DNase1-mediated NETs clearance in the context of neurodegenerative disorders.
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Figure 1

DNase I treatment significantly clears neutrophil extracellular traps (NETs) deposited in the hippocampal dentate gyrus.

LPS treatment induces neutrophil recruitment, upon activation they release NETs, web-like chromatin structures along with proteases such as neutrophil
elastase (NE). Following LPS induced BBB leakage, these NETs infiltrate and accumulate within the granular cells of dentate gyrus of the hippocampus. The
figure represents immunofluorescence study with corresponding quantification of NE expression (FITC, green) using ImageJ (1.54g) acquired at 60×
magnification, which also demonstrates the effect of DNase I in degrading localized NET deposition. {N= 3, Mean ± SE, One way Anova, **P < 0.05}

Figure 2

DNase1 treatment improved the LPS-induced NETosis mediated motor and cognitive dysfunction revealed by A. Rotarod, B. Novel Object
Recognition(NOR), C. Y-maze Assay.
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Systemic LPS administration induced NETs release, compromised BBB integrity leading to neuroinflammation. This resulted in significant motor and
Cognitive impairments. The above figure represents (A) The Rotarod assay demonstrates compromised motor grip strength, coordination and balance as
seen in latency to fall increased in LPS treated mice (B) NOR assay reveals significant deficits in non-spatial recognition memory explained by reduced
discrimination between objects.  (C) The Y-maze assay highlights reduced spontaneous alternation, indicating compromised spatial working memory in LPS
treated mice. Whereas DNase1 treated mice have shown improved latency to fall, reduced discriminative index and improved alteration percentage suggests
Successful clearance of NETs restored BBB repair and lead to improve the cognitive function. All behavioral assays were performed in same environment.
{N= 8, Mean ± SE, One way Anova, *P <0.05}

Figure 3

LPS induced NETs release disrupts BBB integrity, represented by increased A) Evans blue extravasation and altered B) Claudin-5 expression. Quantification
of BBB leakage, represented by increased A) Evans blue dye extravasation was measured spectrophotometrically in brain tissue homogenates (absorbance
at 620 nm). (B) Alteration of Claudin-5 expression represented by relative mRNA transcript levels estimated via SYBR Green-based qPCR using 2-∆∆CT method
and normalized to a stable GAPDH housekeeping gene {N= 8, Mean ± SE, One way Anova, *P <0.05}.
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Figure 4

LPS-induced NETs mediated oxidative stress and mitochondrial dysfunction are reflected by changes in A. lipid peroxidation B. catalase, C. SOD, and D.
Citrate synthase activity.

The NET mediated ROS production overwhelms the antioxidant defenses and thus damages the cell membrane and mitochondrial activity. The figure represents
the membrane damage by A) Lipid peroxidation and compromised antioxidant defenses such as B) Catalase C) SOD and mitochondrial damage by d) Citrate
synthase estimated spectrophotometrically {N= 8, Mean ± SE, One way Anova, *P <0.05}.

Figure 5

Systemic LPS challenge triggers increased release of  pro-inflammatory cytokines from resident brain cells like a) IL-6, b) TNF-α, c) IL1βwhich creates
chemotrophic signaling essential for neutrophil activation and recruitment mediating further neuroinflammation. The elevated levels of the above
mentioned pro inflammatory cytokines were quantified with the q-PCR SYBR Green assay using their mRNA transcripts from RNA synthesis and CDNA
preparation by 2-∆∆CT method and the fold change values are normalized to GAPDH. {N= 8, Mean ± SE, One way Anova, *P <0.05}
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Figure 6

H&E Staining studies represents LPS treated mice brain sections shown hyperchromatic cells with pyknotic morphology and diffused cellular arrangement
in Hippocampal Dentate gyrus region compared to saline. Photomicrographs were taken using Light microscope at 10x,40x and 100x and were quantified by
measuring the % of area occupied by the hyperchromatic cells, deconvoluting the images using FIJI software, {N= 3, Mean ± SE, One way Anova, ***P <0.05}.
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