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SUMMARY: 
This protocol is presented as a tool to detect senescence-associated β-galactosidase activity, to perform Nissl staining for the simultaneous assessment of senescence and neuronal integrity, and to investigate links between senescence burden and neurodegeneration.

ABSTRACT: 
Cellular senescence is a physiological process characterized by irreversible cell cycle arrest that impairs tissue regeneration and function. This phenomenon has emerged as a key driver of neurodegeneration, fueled by the accumulation of senescent cells within the central nervous system (CNS). Senescent cells acquire a pro-inflammatory senescence-associated secretory phenotype (SASP) that sustains chronic neuroinflammation and disrupts the neuronal microenvironment. Consequently, essential processes such as neurogenesis, synaptic plasticity, and neuronal survival are compromised. An extensive body of literature associates cellular senescence with several neurodegenerative disorders, such as Parkinson’s disease, Alzheimer’s disease, or multiple sclerosis, and acute neuronal-related damage, such as cerebral ischemia or traumatic brain injury.

The combined assessment of senescence-associated β-galactosidase (SA-β-gal) activity and Nissl staining in histological sections provides a comprehensive approach to evaluate cellular senescence and neuronal integrity simultaneously within the same tissue context. This strategy enables precise spatial correlation between the accumulation of senescent cells in specific vulnerable regions (e.g., the hippocampus or cortex) and neuronal loss or tissue damage. By integrating a functional marker of senescence with a classical indicator of neuronal morphology and density, this approach strengthens the interpretative robustness of the analysis. Moreover, it enables a more accurate characterization of the relationship between senescent burden and neurodegenerative changes, maximizing the information yield from limited tissue samples.

Moreover, this protocol can determine how senescent cell accumulation occurs in response to interventions (pharmacological, genetic manipulation, etc.) in rodent models of neurodegenerative diseases, thereby providing a powerful tool to analyze this contribution to their pathophysiology.

INTRODUCTION: 
Cellular senescence is defined by an essentially irreversible arrest of the cell cycle accompanied by extensive macromolecular alterations1. Moreover, senescent cells acquire a hypersecretory phenotype (SASP), characterized by the robust secretion of a diverse array of pro-inflammatory cytokines, growth factors, and proteases2. Collectively, these factors contribute to the establishment of a pro-inflammatory microenvironment that reinforces senescence and impacts tissue homeostasis. In the central CNS, senescent cells accumulate progressively with age, particularly within regions vulnerable to age-related pathology3. Cellular senescence plays a significant role in the functional alterations associated with aging and neurodegenerative disorders, with the burden of senescent cells increasing progressively during normal aging. Multiple cell types within the CNS are susceptible to senescence, including astrocytes, microglia, oligodendrocytes, neurons, and neural stem cells4. Accumulating evidence implicates the senescence of these CNS cell populations in the etiopathology of several neurodegenerative diseases, including Alzheimer’s disease, Parkinson’s disease, frontotemporal dementia, amyotrophic lateral sclerosis, and multiple sclerosis5. Neurodegenerative disorders have been linked to cellular senescence6, and senescent cells have been shown to accumulate in proximity to amyloid-β plaques and neurofibrillary tangles. Age-related increases in SA-β-gal activity have been described in rodent brains (e.g., 3, 8, 17, and 24 months), with statistically significant elevations most evident in the oldest cohort (24 months)7.  

Different studies provide important insights into the relationship between histological alterations and functional outcomes, such as cognitive impairment and metabolic dysregulation, in pathological animal models that address the functional or behavioral correlates of brain injury8,9.
Despite extensive research, there is no single universal marker that reliably identifies senescent cells while distinguishing them from other non-proliferative states; however, the most widely used marker of cellular senescence is the lysosomal enzyme senescence-associated β-galactosidase (SA-β-gal), which is detected at pH 6, a hydrolase enzyme that catalyzes the hydrolysis of β-galactosides into monosaccharides. A key distinguishing factor is pH. SA-β-gal exhibits optimal activity at pH 6, in contrast to bacterial β-galactosidase, which operates at pH 7.4, and endogenous lysosomal β-galactosidase, which functions at acidic pH values ranging from 3 to 57,10. 

Cell density and brain cytoarchitecture are fundamental determinants of neural organization and function. The spatial distribution and abundance of specific cell populations are critical to circuit function, and their accurate quantification is essential for studying neuropathological conditions involving selective cellular vulnerability or loss. Nissl staining, a standard method in neuroscience, is a widely employed histological technique for assessing neuronal density and cytoarchitecture in nervous tissue. By selectively labeling Nissl bodies within neuronal somata, this method enables reliable visualization and quantification of neuronal populations across brain regions11. In addition to its robustness, Nissl staining is characterized by its technical simplicity, low cost, and relatively short processing time, making it a practical and accessible tool for routine neuroanatomical and neurodegeneration studies.

The combined assessment of Nissl staining and senescence-associated β-galactosidase (SA-β-gal) activity within the same histological section provides a robust, spatially resolved framework for interrogating neuronal integrity and senescent cell burden simultaneously. This integrative approach enables the direct mapping of senescence to region-specific neurodegenerative features, including neuronal loss and cytoarchitectural disruption. Coupling a classical structural marker with a functional indicator of senescence strengthens data interpretation and reveals mechanistic links between senescent cell accumulation and tissue dysfunction, while maximizing analytical yield from limited samples.

Importantly, this strategy is particularly well-suited for studies with limited tissue availability, longitudinal or intervention-based designs (e.g., senolytic or senomorphic treatments), and region-specific analyses in complex cerebral structures, where correlating senescence with neuronal vulnerability is critical.

PROTOCOL: 
Perform all animal procedures in accordance with institutional and national guidelines for the care and use of laboratory animals, and obtain prior approval from the appropriate ethics committee.	Comment by Amit Krishnan: Please mention that this study was approved and conducted as per the ethical committee guidelines of Hospital General de México “Dr. Eduardo Liceaga”	Comment by Veronica Salas Venegas: We thank for this important suggestion. We would like to clarify that although our laboratory is physically located within a peripheral unit situated inside the facilities of the Hospital General de México Dr. Eduardo Liceaga, it operates independently and belongs administratively and academically to the Faculty of Medicine.
Therefore, this study was not conducted under the ethical committee of the hospital. 

NOTE: To enable the simultaneous assessment of senescence-associated β-galactosidase (SA-β-gal) activity and Nissl staining in rodent brain tissue, this protocol employs 4% paraformaldehyde-fixed rodent brains that are cryosectioned at -20 ± 1 °C.  All sections are first evaluated for SA-β-gal activity (step 1), then Nissl-stained (step 2), and subsequently mounted with an antifade mounting medium (step 3). Once processed, the slides are examined under a bright-field optical microscope, enabling acquisition of high-resolution images of the regions of interest for further analysis.

1. Preparation of tissue sections and detection of senescence-associated β-galactosidase (SA-β-gal) activity

1.1. Preparation of brain sections

1.1.1. Obtain the brains by transcardiac perfusion with paraformaldehyde at 4% following the protocol previously described by Wu et al., 202112. Transfer the brains into phosphate-buffered saline solution (PBS) containing 0.01% sodium azide for long-term storage at 4 °C. 

1.1.2. To proceed with the protocol, place the brain in 30% sucrose solution, wait until it sinks to the bottom, then store it at -20 to -80 °C. This protocol can be used in different rodent brain tissues (e.g., rat, mouse, guinea pig) and frozen in 2-methylbutane.

1.1.3. Cryosection the tissue at -20 ± 1 °C to obtain uniform sections embedded in optimal cutting temperature (O.C.T.) compound (20–40 µm of thickness) and mount on gelatin-coated glass slides.

1.1.4. Mount sections onto glass slides and store under cold conditions until use.

1.2. Detection of senescence-associated β-galactosidase (SA-β-gal) activity.

1.2.1. Prepare SA-β-gal staining solution fresh on the day of use from the solutions shown in Table 1.

1.2.2. Adjust the solution to pH 6.0 to ensure the specificity of SA-β-gal activity.

NOTE: Prepare the SA-β-gal staining solution before use; avoid pre-mixing in an aqueous solution.  
 5-bromo-4-chloro-3-indolyl-ꞵ-D-galactopyranoside (X-Gal) is not stable in aqueous solution.

1.3. Equilibrate the temperature of tissue slides.

1.3.1. Remove slides from the cold storage.

1.3.2. Place the slides in a Coplin jar and allow them to equilibrate at room temperature (RT) for 5 min.

1.3.3. Hydrate the sections by adding enough PBS to cover the slides in the Coplin jar.

1.3.4. Place the slides on a low-speed orbital shaker for 5 min at RT.

1.3.5. Repeat the wash once.

1.4. Prepare slides for staining.

1.4.1. Remove the excess PBS gently from the slide edges using absorbent paper.

1.4.2. Draw a hydrophobic barrier around each section using a water repellent barrier pen, avoiding contact with the tissue.

1.5. Perform SA-β-gal staining

1.5.1. Place the slides in a humidity chamber.

1.5.2. With a micropipette, add approximately 200 µL of staining solution per section, ensuring complete coverage of the tissue.

1.5.3. Incubate at 37 °C for 48 h.

1.5.4. After incubation, remove the staining solution using absorbent paper.

1.5.5. Place the slides in a Coplin jar and add PBS to cover the slides, and put in a gentle agitation on a low-speed orbital shaker for 5 min at RT.

NOTES: Do not use a CO₂ incubator. Proceed immediately to Nissl staining.

2. Nissl staining

2.1. Prepare Nissl working solution.

2.1.1. Prepare stock solutions as described in Table 2.

2.1.2. From the stock solutions, prepare the Nissl working solution by mixing 15 mL of cresyl violet solution with 85 mL of acetate buffer.

2.1.3. Filter the solution to remove precipitates with filter paper (grade 4, 20-25 µm pore size).

2.1.4. After the filter solution, pre-warm at 37 °C for at least 30 min (or 40–43 °C in a water bath).

2.1.5. Add 10 drops of 0.1 M acetic acid immediately before use to the Nissl working solution.

NOTE: Use the Nissl working solution up to four times within the same day; do not store overnight.

2.1.6. Prepare acidified ethanol by adding 95 mL of absolute ethanol to a volumetric flask and adding 15 drops of 0.1 M acetic acid. Bring to 100 mL with distilled water and mix thoroughly.

2.2. Pre-condition the slides.

2.2.1. Place the slides in a Coplin jar and add PBS as necessary to cover the slides and incubate at 37 °C for 5 min.

2.3. Stain sections.

2.3.1. Immerse slides carefully in the pre-warmed Nissl solution, slide by slide.

2.3.2. Incubate the slides for 5–20 min in Nissl solution.

NOTE: The time depends on the tissue thickness. Monitor staining every 5 min until a deep purple color appears.

2.4. Wash the sections.

2.4.1. Rinse the slides gently in distilled water for 1 min. Transfer to slides at Coplin jar with fresh distilled water for an additional 1 min.

2.4.2. Evaluate staining quality. Observe slides under a bright-field microscope (10× objective).

2.4.3. In a bright field microscope, confirm intense purple punctate staining with minimal background.

NOTE: If background is excessive, immerse slides in acidified 95% ethanol for 10 s.

2.4.4. Immediately transfer to absolute ethanol for 10 s to stop differentiation.

NOTE: Restain if necessary, repeating staining steps (8.1-9.3) if the coloration is weak.

2.5. Dehydrate and clear the slides.

2.5.1. Immerse slides in xylene for at least 5 min (up to 2 h if needed)

NOTE: Work quickly, as tissue dehydrates within ~2 min.

3. Mounting

3.1. Prepare mounting medium

3.1.1. Mix 8 mL of mounting medium with 2 mL of xylene.

NOTE: Prepare only the required volume; the mounting medium will harden quickly.

3.1.2. Remove the slides from xylene and blot edges gently. Place slides on a flat surface.

3.1.3. Apply ~120 µL of the mounting medium over the tissue.

3.1.4. Place the coverslip slowly from one side to avoid bubbles.

3.2. Dry the slides and acquire images.

3.2.1. Allow slides to dry for at least 5 min at RT.

3.2.2. Observe under a bright-field microscope and acquire images of regions of interest.

3.2.3. After mounting, full drying of the mounting media requires an extended time (24 h).

3.3. Store the slides.

3.3.1. Store slides at RT for long-term preservation (for many months).
	Comment by Amit Krishnan: I have formatted these sections of the protocol to fit the journal style. Please check.	Comment by Veronica Salas Venegas: Approve the changes to format, the information is correct 
4. Quantification of senescence burden

NOTE: This approach is applied as a qualitative assessment; however, when required by the study design, it can be extended to include quantitative analysis.

4.1. Define senescence burden as the relative abundance of senescence-associated β-galactosidase (SA-β-gal)–positive cells within a defined region of interest (ROI). Express this metric as a percentage of positive cells relative to the total cell number, or as the density of positive cells per unit area (cells/mm²).

4.2. Select region-of-interest (ROI). Identify ROIs based on standardized neuroanatomical landmarks using a brain atlas appropriate for the species and age. Recommended regions include hippocampal subfields (CA1, CA3, dentate gyrus) and cortical areas with defined laminar organization.

4.2.1. Select 3–5 non-overlapping fields per ROI per section.

4.2.2. Analyze at least 2–3 sections per animal, spaced at consistent anatomical intervals.

4.2.3. Maintain identical ROI size and shape across all samples.

4.2.4. Blind the operator to experimental conditions during ROI selection to minimize bias.

4.3. Acquire images.

4.3.1.  Acquire images using a bright-field microscope equipped with a digital camera under standardized conditions:

4.3.1.1. Use consistent magnifications (e.g., 10× for regional overview, 20× or 40× for quantification).

4.3.1.2. Maintain constant illumination, exposure time, and white balance across all samples.

4.3.1.3. Avoid saturation of the SA-β-gal signal (blue) and ensure clear visualization of Nissl staining (purple).

4.3.1.4. Save images in a lossless format (e.g., TIFF) for downstream analysis.

4.4. Preprocess the images. 

4.4.1. Perform preprocessing using image analysis software (e.g., ImageJ/Fiji)13.

4.4.1.1. Convert images to RGB format if necessary.

4.4.1.2. Apply background subtraction to correct uneven illumination.

4.4.1.3. Normalize contrast uniformly across all images without altering relative signal intensity.

4.4.1.4. Avoid over-processing that may distort signal boundaries.

4.5. Identify SA-β-gal-positive cells. 

4.5.1. Define positive cells based on the presence of a distinct blue precipitate localized within the cytoplasm. Use color thresholding to isolate the blue signal (e.g., empirically determined hue/saturation/intensity ranges). 

4.5.2. Validate thresholds using negative controls (young or untreated tissue) to exclude background staining.

4.6. Confirm morphological consistency with cellular profiles observed in Nissl staining.

4.7. Quantification approaches

4.7.1. Cell-based quantification: Count SA-β-gal-positive cells manually or using semi-automated tools. Determine the total number of cells within the same ROI using Nissl staining.


4.7.2. Express results as:
Senescence burden (%) = (SA-β-gal-positive cells/Total cells)  100

4.7.3. Density-based quantification: calculate the number of SA-β-gal–positive cells per unit area: 
Cell density = Positive cells/ROI area (mm2)

4.7.4. Threshold definition and controls: Establish detection thresholds empirically:

4.7.5. Use negative controls to define background signal levels.

4.7.6. Include positive controls (e.g., aged brain tissue or stress-induced models) to validate sensitivity.

4.7.7. Apply identical threshold settings across all samples within an experiment. Document all threshold parameters to ensure reproducibility.

5. Data normalization and statistical analysis

5.1. Normalize the senescence burden to account for regional differences in cell density; use Nissl staining to estimate the total cell number per ROI—average measurements across ROIs, sections, and animals. Perform statistical analyses using appropriate tests (e.g., t-test, ANOVA) depending on experimental design.

5.2. Report data as mean ± SEM or SD, specifying the number of biological replicates (n).

5.3. Blinding and reproducibility: Perform all quantification analyses under blinded conditions. Validate reproducibility by: (a) Independent analysis by at least two observers, or (b) Re-analysis of a subset of images to assess intra-observer variability.

5.4. Limitations of the quantification strategy: Interpret quantitative results alongside complementary markers where possible. Additionally, variability in staining intensity across sections may influence threshold-based quantification and should be carefully controlled. 

REPRESENTATIVE RESULTS: 
The combined application of senescence-associated β-galactosidase (SA-β-gal) staining and Nissl staining enables the simultaneous visualization of senescent cell burden and neuronal cytoarchitecture within the same brain section.

Following the SA-β-gal staining procedure (step 1), examine the slides under a bright-field microscope. Successful staining is indicated by the presence of a distinct blue precipitate localized within cells exhibiting β-galactosidase activity (Figure 1). At low magnification, identify major brain regions such as the hippocampus and cerebral cortex (Figure 1A). At higher magnification, observe individual cells displaying intracellular blue staining, particularly within regions such as the CA3 subfield (Figure 1B). This signal results from the enzymatic hydrolysis of 5-Bromo-4-chloro-3-indolyl beta-D-Galactopyranoside (X-gal), producing an insoluble blue product (5,59-dibromo-4,49-dichloro-indigo) that accumulates at sites of enzymatic activity.

When performing Nissl staining alone (step 2), evaluate neuronal morphology and tissue organization. Successful staining is characterized by intense purple labeling of neuronal somata with clear contrast against the surrounding neuropil (Figure 2). At low magnification, distinguish anatomical regions such as the hippocampus and cortex (Figure 2A). At higher magnification, identify neuronal populations within specific subregions (e.g., CA3; Figure 2B) and assess cortical laminar organization based on differences in cell density and morphology (Figure 2C).

When applying the full protocol sequentially, confirm that both staining signals are preserved within the same section (Figure 3). Identify blue SA-β-gal–positive cells superimposed on the purple Nissl-stained background. At low magnification, verify regional distribution across the hippocampus and cortex (Figure 3A). At higher magnification, assess the spatial relationship between senescent cells and neuronal structures within defined regions such as CA3 (Figure 3B) and cortical layers (Figure 3C). Figure 4 shows images of a negative control of the hippocampus and cerebral cortex in a frozen brain section from 8-month-old C57BL/6 mice, after assessment of SA-β-gal activity (Figure 4A) and an An artifact is observed,  resulting from the formation of salt crystals.artifact (Figure 4B).	Comment by Amit Krishnan: Figure 4 was not cited. I added these lines here to cite it. Please check.

Successful outcomes should show: (a) well-defined blue precipitate without excessive background, (b) clear Nissl staining of neuronal somata, and (c) preservation of tissue architecture. This dual-staining approach enables direct spatial correlation between senescent cell accumulation and neuronal organization, facilitating region-specific analysis in neurodegeneration studies.

Results obtained using this combined workflow enable simultaneous assessment of SA-β-gal activity and visualization of cytoarchitecture and neuronal morphology by Nissl staining.

FIGURE AND TABLE LEGENDS: 
Figure 1: SA-β-gal activity (pH 6)  in frozen brain sections of 14-month-old Wistar rats. (A) An overview of the hippocampus and cerebral cortex following the evaluation of SA-β-gal activity, as evidenced by blue coloration, objective 4; total magnification 40. (B) The CA3 region of the hippocampus, objective 10; total magnification: 100. Both images display a blue coloration, indicating enzymatic activity. Arrows in the images indicate cells with positive SA-β-gal activity.

Figure 2: Nissl staining in frozen brain sections of 14-month-old Wistar rats. (A) An overview of the hippocampus and cerebral cortex after Nissl stain, objective 4; total magnification 40. (B) The CA3 region of the hippocampus, objective 10; total magnification 100. (C) The cytoarchitecture of the cerebral cortex, objective 10; total magnification 100.

Figure 3: Simultaneous assessment of SA-β-gal activity and Nissl staining. (A) An overview of the hippocampus and cerebral cortex in frozen brain sections of 8-month-old C57BL/6 mice after assessment of SA-β-gal activity and Nissl staining, objective 10; total magnification 100. (B) The CA3 region of the hippocampus, objective 40; total magnification 400. (C) The cerebral cortex, objective 40; total magnification 400. Arrows indicate the presence of cells exhibiting SA-β-gal enzymatic activity.

Figure 4: Negative control and artifacts. (A) An overview of negative control of the hippocampus and cerebral cortex in frozen brain sections of 8-month-old C57BL/6 mice after assessment of SA-β-gal activity objective 4; total magnification 40. (B) An artifact (salt crystals). Arrows indicate the presence of salt crystals, objective 10x; total magnification x100.

Table 1: Staining solution for the evaluation of SA-β-gal activity. Solutions required for the evaluation of SA-β-gal activity.

Table 2: Stock solutions for Nissl.  Basic staining requires a working Nissl solution, which must be prepared on the day of staining using stock solutions.

Table 3: Troubleshooting guidance.

DISCUSSION: 
Currently, the limited availability of robust, specific tools to identify, isolate, and selectively remove senescent cells in the CNS remains a major barrier to mechanistic studies. This methodological gap limits our ability to disentangle the causal contributions of cellular senescence to neuropathology from mere correlation with disease progression. The workflow presented here combines SA-β-gal enzymatic detection with Nissl counterstaining to map the putative senescent cell burden within defined neuroanatomical contexts, thereby linking enzymatic readouts to cytoarchitectural changes typical of neurodegenerative regions3. Identifying SA-β-gal–positive cells alongside regional cytoarchitecture may help clarify where senescence accumulates and how it may contribute to pathophysiology.

In addition to the structural and senescence-associated changes described here, accumulating evidence highlights the contribution of immune dysregulation and inflammatory signaling to brain pathology. Recent studies have demonstrated that alterations in immune homeostasis and persistent activation of inflammatory pathways play a central role in the progression of neurological disorders, reinforcing the concept of a chronic neuroinflammatory milieu as a key driver of tissue dysfunction14,15. In this context, the SASP may act as a critical mediator linking cellular senescence to immune activation, further amplifying inflammatory cascades within the central nervous system. These observations are consistent with recent reports that underscore the role of immune imbalance and inflammatory signaling in neurological disease contexts8,9. Together, these findings support the notion that cellular senescence and immune dysregulation converge to exacerbate neurodegenerative processes.

Assay performance hinges on preserving enzyme activity and image contrast. Critical variables include pH control (pH 6.0 for SA-β-gal), temperature (37 °C; non-CO₂ incubator), fresh preparation of X-gal working solution, and careful timing of incubations and wash steps. Adhering to these parameters yields crisp precipitate deposition with minimal background, enabling reliable interpretation across brain regions.

In contrast to these individual approaches, the sequential application of both methods within the same section preserves and co-resolves both signals (Figure 3). Identify SA-β-gal–positive cells as blue precipitates superimposed on the purple Nissl-stained background. At low magnification, verify regional distribution across the hippocampus and cortex (Figure 3A). At higher magnification, assess the spatial relationship between senescent cells and neuronal structures within defined regions such as CA3 (Figure 3B) and cortical layers (Figure 3C).

Compared with alternative strategies, such as performing SA-β-gal and Nissl staining on separate sections or combining SA-β-gal with immunohistochemical markers, this approach minimizes variability from section-to-section differences and preserves anatomical context. Additionally, unlike fluorescence-based senescence detection methods, this bright-field-compatible workflow does not require specialized imaging equipment and reduces the risk of signal overlap or photobleaching.

Despite its advantages, this dual-staining approach has several limitations that should be considered when interpreting results. First, senescence-associated β-galactosidase (SA-β-gal) activity, although widely used, is not specific to senescent cells and may be influenced by lysosomal activity or cell-type–dependent metabolic states. Therefore, results should ideally be complemented with additional senescence markers (e.g., p16^INK4a, p21, or DNA damage markers) to strengthen interpretation. Second, the chromogenic nature of SA-β-gal detection may limit sensitivity compared to fluorescence-based methods, particularly in tissues with low senescent cell burden. Additionally, sequential processing requires careful optimization, as prolonged incubation or suboptimal differentiation steps may compromise either SA-β-gal signal intensity or Nissl staining quality.

Another limitation is that this approach does not provide cell-type specificity beyond morphological inference, which may limit the identification of senescent phenotypes in heterogeneous cellular populations, such as those in the central nervous system. Furthermore, the use of bright-field detection precludes multiplexing of multiple molecular markers within the same section, unlike advanced immunofluorescence-based techniques.

Despite these limitations, this protocol offers several key advantages. The ability to assess senescent cell burden and neuronal cytoarchitecture within the same histological section significantly reduces variability associated with section-to-section comparisons and preserves anatomical context. This integrative readout enhances data reliability and enables direct spatial correlation between cellular senescence and structural alterations. Moreover, the workflow is cost-effective, does not require specialized imaging systems, and maximizes the use of limited tissue samples, which is particularly valuable in experimental models with restricted material.

Troubleshooting guidance for the protocol is presented in Table 3. Because senescence is heterogeneous and SA-β-gal is not an exclusive marker, complementary validation (e.g., immunolabeling, DNA damage markers, or SASP components) is recommended to confirm senescent identity in SA-β-gal–positive cells.
By coupling enzyme-compatible handling with rigorous quality control, this protocol provides a practical, region-resolved readout of SA-β-gal activity aligned with cytoarchitectural context, an informative starting point for interrogating CNS senescence in health and disease.	Comment by Amit Krishnan: I have moved the troubleshooting guidance to Table 3 attached to the email. Please check and approve it.	Comment by Veronica Salas Venegas: After review, the changes are approved. 
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33

  disease, or multiple sclerosis, and acute neuronal - related damage, such as cerebral ischemia or 

34

  traumatic brain injury .  

35

   

36

  The combined assessment of senescence - associated β - galactosidase (SA - β - gal) activity and Nissl 

37

  staining in histological sections provides a comprehensive approach to evaluate cellular 

38

  senescence and neuronal integrity simultaneously within the same tissue context. This strategy 

39

  enables precise spatial correlation between the accumulation of senescent cells in specific 

40

  vulnerable regions (e.g., the hippocampus or cortex) and neuronal loss or tissue damage. By 

41

  integrating a functional marker of senescence with a classical indicator of neuronal morphology 

42

  and density, this approach strengthens the interpretative robustness of the analysis. Moreover, 

43

  it enables a more accurate characterization of the relationship between senescent burden and 

44

 

