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Abstract

Oligodendrocytes produce myelin, a multilamellar membrane that ensheathes axons and enables rapid,
saltatory conduction. Disruption of myelin integrity is a hallmark of several neurological disorders,
including multiple sclerosis, yet therapies aimed at promoting remyelination have shown limited efficacy
in clinical trials. A key challenge is that demyelination and repair processes are not uniform across the
central nervous system, with different white matter tracts exhibiting distinct vulnerabilities and
regenerative capacities. However, the extent to which regional microenvironmental factors and cellular
dynamics shape these differences remains incompletely understood.

Here, we used focal lysophosphatidylcholine (LPC)-induced demyelination to compare the spatial and
temporal progression of myelin loss and repair in two anatomically and functionally distinct white matter
tracts: the hippocampal fimbria and lateral olfactory tract (LOT). Stereotaxic LPC injections were
performed in mice, with contralateral saline-injected tracts serving as within-subject controls. Animals
were euthanized at multiple times (3, 7, 14, 21 and 28 days post-injection, dpi). Histological and
immunohistochemical approaches were employed to quantify lesion evolution, oligodendrocyte lineage
dynamics, myelin integrity, glial activation, extracellular matrix, apoptosis, and neuronal density.

We showed that while both tracts eventually showed complete lesion resolution by 28 dpi, the course of
demyelination and repair is highly region dependent. The fimbria displays larger lesion diameter and a
more rapid recruitment of oligodendrocyte precursor cells, whereas the LOT exhibits an earlier loss of
myelin basic protein expression. Despite these differences, both regions follow a coordinated but
temporally altered sequence of microglial activation, OPC migration, astroglial response, and
extracellular matrix remodeling. Notably, microglial response is consistently lower in the LOT, and the
fimbria shows a more prominent expression of the chondroitin sulfate proteoglycan, versican. Apoptosis
is transient and neuronal density is preserved in both regions, suggesting that minimal
neurodegeneration accompanies LPC-induced demyelination.

Together, these findings demonstrate that LPC-induced demyelination elicits a spatially heterogeneous
repair progression shaped by local microenvironmental context. This study highlights regional
anatomical variations as contributors to remyelination dynamics and underscores the need for region-
tailored approaches to enhance myelin repair.

INTRODUCTION

Myelin is a modified multilayer cellular membrane produced by mature oligodendrocytes (OLs) that
ensheathes neuronal axons in the CNS (Emery 2010; Lépez-Muguruza and Matute 2023; Osso and
Hughes 2024; Simons and Nave 2015). Damage to myelin and dysfunction of OL lineage cells, coupled
with ineffective remyelination, are defining pathological features of neurological disorders such as
multiple sclerosis (MS) (Duncan and Radcliff 2016; Garton et al. 2024; Molina_Gonzalez et al. 2022). MS
is characterized by chronic inflammation resulting in demyelination and axonal injury, subsequently
leading to neurodegeneration and progressive disability (Bebo et al. 2022; Boutitah-Benyaich et al. 2025;
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Reich et al. 2018). MS affects about 3 million people globally, and it is the most common non-traumatic
neurological disorder among young adults. There is currently no cure, as current therapy only slows
down progression. One limitation of effective therapy is the multifaceted nature of the disease, making it
difficult to develop a single animal model that fully recapitulates disease features in humans. (Desai et
al. 2016; Hoftberger and Lassmann 2017). Additionally, much of the available human data is derived
from postmortem tissue, which provides only a static endpoint investigation of lesion pathology.
Furthermore, in vivo experimental studies in preclinical models have predominantly focused on limited
brain regions (Oost et al. 2025; Vanderdonckt et al. 2022) despite evidence of distinct susceptibility to
demyelination and varying capacities for repair (Rokach et al. 2026; Samtani et al. 2023; Steelman et al.
2012) in multiple brain regions. Thus, our understanding of the spatial and temporal dynamics of
demyelination and remyelination that could be valuable in understanding novel therapy remains
incomplete.

Hence, the present study aims to address these gaps by characterizing the dynamic progression of
lesion formation and repair across prominent yet underexplored white matter tracts using a focal toxin-
induced model of demyelination, lysophosphatidylcholine (LPC), to better investigate the progression of
evolving lesions across white matter tracts in different brain regions, as seen in clinical disease.

The hippocampal fimbria is a major white matter structure comprising a dense bundle of myelinated
axons that emerge from the hippocampus and converge into the fornix, forming a pathway for
hippocampal connectivity (Concha et al. 2010; Dogan et al. 2022; Senova et al. 2020; Wyss et al. 1980). It
contains both intra- and interhemispheric projections, including fibers that link the two hippocampi via
the hippocampal commissure, as well as extensive efferent and afferent connections with subcortical
regions such as the hypothalamus and mammillary bodies. In addition, the fimbria contains projections
from hippocampal pyramidal neurons alongside cholinergic and non-cholinergic inputs from the basal
forebrain, including the medial septum and diagonal band of Broca, arranged in an organized manner
across its extent. This convergence of diverse fiber populations underscores the fimbria's role as an
integrative tract within hippocampal and limbic circuitry (Wyss et al. 1980). It is enriched in extracellular
matrix (ECM) components such as brevican, phosphacan, hyaluronan, and tenascin-R associated with
myelinated fiber tract stabilization (Ogawa et al., 2001; Rexrode et al., 2024) suggesting a structured
extracellular environment that may influence regenerative responses following injury.

On the other hand, the lateral olfactory tract (LOT) is a highly myelinated white matter tract that
exclusively carries olfactory information from the olfactory bulb to olfactory cortices (Lohman and
Mentink 1969). Located along the ventrolateral surface of the telencephalon, it is formed by the axons of
early-generated mitral and tufted cells, which arise from the olfactory bulb around embryonic day 12 in
the mouse and rapidly merge to establish the primary tract (Blanchart et al. 2006; Brunjes et al. 2014).
Subsequent development is characterized by the extension of collateral branches along a rostrocaudal
gradient, innervating key olfactory regions including the anterior olfactory nucleus, piriform cortex,
entorhinal cortex, olfactory tubercle, and amygdala nuclei (Hirata and Frujisawa 1999; Schwob and Price
1984; Soussi-Yanicostas et al. 2002). These projections constitute the main pathway through which
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olfactory bulb output is distributed across olfactory networks, underscoring the LOT'’s central role in
integrating sensory processing with limbic and cognitive circuits. Despite its structural and functional
importance, the LOT remains underexplored in the context of demyelinating disease. Olfactory
dysfunction affects approximately 27% of individuals with MS (Mirmosayyeb et al. 2022; Printza et al.
2022) and it is increasingly recognized as a predictor of more severe disease progression and poorer
clinical outcomes (Berek et al. 2024). Notably, postmortem analyses indicate that up to 70% of MS
brains exhibit demyelination within the olfactory system (DelLuca et al. 2015), yet the underlying
mechanisms and spatiotemporal dynamics of myelin loss in this pathway remain poorly defined.

Given the high degree of myelination within both the fimbria and the LOT, they represent complementary
yet underexplored white matter tracts that support distinct but interconnected domains of brain function
(memory and sensory processing). Here, we investigate the progression of myelin loss and repair across
these tracts, elucidate regional differences in remyelination efficiency and how this is influenced by
variations in the local microenvironment, including extracellular matrix, and neuroinflammatory cells, that
regulate oligodendrocytes, proliferation, recruitment and maturation.

MATERIAL AND METHODS
Experimental mice

C57BL/6Ncrl mice (Strain #027, 7-8 weeks old, 20—30 g) of both sexes were obtained from Charles
River Labs. All animal procedures were approved (#202400093) by the Institutional Animal Research
Ethics Board and conducted in accordance with the Canadian Council on Animal Care guidelines. Mice
were housed in a controlled environment under standard laboratory conditions (12h light/dark cycle, 50—
60% relative humidity), with food and water provided ad libitum. All experimental procedures adhered to
the principles of the 3Rs (and were housed under optimal conditions:12h-light/dark cycle, 50-60%
relative humidity, with food and water provided ad libitum.

Stereotaxic injection of lysophosphatidylcholine

Stereotaxic surgery for intracranial injection of LPC was performed according to published protocols
(Athos and Storm 2001; Cecyn and Abrahao 2023; Gabrielli et al. 2022). Briefly, mice received analgesia
(meloxicam, 0.1 mg/kg, SC) before surgery. After deep anesthesia with isoflurane (4-5%), a local
anesthetic (bupivacaine, 0.01 mg/kg, SC) was administered along the midline of the skull. A midline
incision was made to expose the skull, and the Bregma and Lambda were aligned to ensure the skull was
level. A small craniotomy was performed using a drill over the targeted region of interest using
coordinates relative to Bregma (Hippocampal fimbria: AP: -1.2 mm ML: £1.0 mm DV: -2.3 mm, LOT: AP:
+1.2 mm ML: +2.0 mm DV: - 2.5 mm) based on the mouse brain atlas (Paxinos and Keith 2019). For
each mouse, bilateral injections were performed in both the lateral olfactory tract and the hippocampal
fimbria. In the ipsilateral hemisphere, LPC (0.1%, 2000 nl) was injected into both tracts to induce focal
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demyelination. The corresponding contralateral tracts were injected with an equivalent volume of saline
(0.9% NaCl) and served as within-animal controls, thereby accounting for injection-related effects and
inter-animal variability. The injection rate was 8.33 nl/s, and the needle was left in place for 4 minutes
before slow withdrawal to minimize backflow. Incisions were closed with sutures, and animals were
returned to clean cages and monitored postoperatively.

Euthanasia

To track cellular events, mice were euthanized multiple times (3-, 7-, 14-, 21-, and 28-, day post-injection,
(Fig. 1A). At each time point, a cohort of mice (n = 4; 2 males, 2 females, total of 20 across all
timepoints) was deeply anesthetized with tribromoethanol (600 mg/kg, intraperitoneally) and
intracardially perfused with ice-cold PBS followed by 4% paraformaldehyde (PFA) in PBS. Brains were
dissected and post-fixed in 4% PFA for 24 hours, then cryoprotected in 30% sucrose at 4°C for 48 hours.
Brains were subsequently embedded in optimal cutting temperature (OCT) medium and stored at -80°C.
Coronal sections (20 um) were cut using a Leica cryostat (CM 1850, Germany), and the region of interest
was examined.

Immunohistochemistry

Brain sections were permeabilized with 1X PBS containing 0.3% Triton X-100 for 20 minutes and then
washed three times for 10 minutes each. If epitope retrieval was necessary, tissue samples were
incubated in saline citrate buffer solution for 30 minutes at 90 °C. The tissue was allowed to cool at
room temperature before washing in PBS for five minutes, three times. The sections were then incubated
for one hour in a quenching solution (glycine and 0.25% Triton X-100 in PBS). Sections were washed
again, three washes of five minutes each. Slides were taken out of the PBS, carefully dried, and sections
were outlined with a hydrophobic pen. The sections were incubated in blocking solution (5% bovine
serum albumin, 2% normal goat serum), and 0.1% Triton X-100 in 1x PBS for 1 hr at room temperature.
Primary antibodies were applied overnight at 4 °C. The tissue sections were washed in 1X PBS for 10
minutes, three times, and incubated with fluorophore-conjugated secondary antibodies for 1 hour at
room temperature. A list of primary and secondary antibodies used is presented in the additional data
(Table 1). Following incubation, the sections were washed again in 1X PBS for 10 minutes, three times,
and mounted onto glass slides using ProLong Gold antifade mounting medium containing DAPI. Images
were acquired using an inverted widefield fluorescence microscope (Olympus IX83). A 20x/0.45
objective lens (NA: 0.4-0.75) was used for all image acquisition. Imaging was performed at room
temperature (~ 22-25°C). Images were captured using an Olympus DP73 and acquired with Olympus
cellSens software and images were exported in TIFF format.
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Table 1
List of primary antibodies used

Antibody Catalog number Company Host Dilution factor
Anti-lba1l Ab178846 Abcam Rabbit 1:1000
Anti-GFAP ab4674 Abcam Chicken  1:500

MBP polyclonal PAS5-78397 Invitrogen Rabbit 1:500
PDGFR-a monoclonal ab90967 Abcam Rat 1:200

Olig-2 polyclonal PA5-85734 Invitrogen Rabbit 1:1000
Brevican Monoclonal 75-281 Invitrogen Mouse 1:100
Versican Polyclonal bs-2533R Invitrogen Rat 1:200
Caspase 3 Monoclonal  66470-2-Ig Proteintech  Mouse 1:500

NeuN Polyclonal PA5-143567 Invitrogen Chicken  1:5000

Image analysis and cell counting

Immunohistochemical quantification was conducted using ImageJ software (Fiji). The number of
positive cells was quantified within predefined regions of interest (ROIs) encompassing the lesion area,
and the data were expressed as the percentage area occupied within the lesion site. Furthermore, the
intensity of MBP expression images was quantified by measuring the mean gray value after background
subtraction using identical threshold settings for all images. Microglial morphology was identified as
previously described (Schwabenland et al., 2021; Green and Rowe, 2024). Briefly, ramified: small cell
bodies with long, highly branched processes; hypertrophic: large cell bodies with shorter, thicker
processes; amoeboid: round cell bodies with almost no process; rod-like: elongated cell bodies with
processes lined up in one direction. All microglial measurements and shape analyses were performed
using the ImagedJ AnalyzeSkeleton and FracLac plugins. Colocalization analysis was performed using
the ImageJ JACop plugin, and colocalization was quantified using Pearson’s correlation coefficient and
Manders' overlap coefficient within predefined ROIs. To measure the lesion diameter, the image scale
was calibrated by assigning 1000 pixels to 270.83 pym, allowing all subsequent measurements to be
expressed in micrometers according to methods described by Schneider et al. (2012). Lesion boundaries
within the LPC/saline-injected regions of the LOT and hippocampal fimbria were delineated using the
polygon selection tool to define the region of interest. To quantify the lesion diameter, a linear
measurement was then made by calculating the maximum distance between opposing margins of the
delineated area. Cell counting was done blindly to minimize experimenter bias.

Statistical analysis
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Statistical analyses were performed using GraphPad Prism 10.4.2. Data normality was confirmed by
using the Shapiro-Wilk’s test before analysis, and all datasets were analyzed without transformation.
Homogeneity of variance was evaluated using Levene's test. Experimental animals were randomly
assigned to one of five post-operative time points, with four mice per time point (total n = 20). Statistical
analyses were performed using a two-way mixed-effects analysis of variance (ANOVA), with time (five
timepoints; between-subject factor) and treatment (LPC vs saline; within-subject factor). Tukey’s post-
hoc test was used for multiple comparisons. Data are presented as mean + standard deviation (SD), and
statistical significance was set at a = 0.05, with exact p-values reported where applicable.

RESULTS

LPC induces slightly larger lesion diameters in the fimbria than in the LOT, despite similar resolution
patterns

To quantify the extent of damage to brain tissue, assess lesion evolution and resolution, we measured
lesion diameter in the fimbria and LOT (Fig. 1B). The lesion area gradually decreased from 3 to 28 days
post-injection (DPI) in both white matter tracts. Although the saline and LPC injection sites showed a
progressive reduction in lesion diameter over time, the ipsilateral LPC site consistently exhibited a
slightly larger lesion diameter at every time points (Fig. 1C, D). Additionally, although both tracts
exhibited similar reductions in lesion size, the fimbria ipsilateral lesion site consistently showed a greater
lesion diameter across all time points.

Figure 1. Lysophosphatidylcholine (LPC)-induced demyelination of the hippocampal fimbria (HPF) and
lateral olfactory tract (LOT). (A) Timeline indicating the experimental design and intracranial injection of
LPC (ipsilateral hemisphere) and saline (contralateral hemisphere) in the HPF and LOT and subsequent
euthanasia and analysis at 3, 7-, 14-, 21- and 28 days post-injection (dpi). (B) Representative images for
IBA immunofluorescent staining showing lesion site in the fimbria and LOT following the injection of
LPC. Scale bar, 20 pm. Yellow line indicates the lesion diameter. Data analysis of lesion diameter in the
(C) fimbria and (D) LOT regions at different time points (3—28 dpi). Data is presented as mean * SD, and
statistical analysis was conducted using two-way mixed-effects ANOVA by Tukey's multiple
comparisons test (n = 20). The red and blue squares show injection site in the ipsilateral and
contralateral hemisphere, respectively.

OPC recruitment precedes spontaneous myelin repair following LPC-
induced demyelination

Given the role of Olig2 in oligodendrocyte lineage progression, we hypothesized that LPC-induced
demyelination disrupts its expression across the stages of oligodendrocyte development. We therefore
assessed Olig2 expression in oligodendrocyte precursor cells (OPCs) by co-staining with PDGFRa in the
hippocampal fimbria and LOT (Fig. 2, 3). In the fimbria, Olig2* cell density was significantly reduced at
the ipsilateral LPC lesion sites at 3 and 7 dpi (p =0.0115 and p < 0.0001 respectively), whereas levels
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were comparable to the contralateral saline site at later time points (Fig. 2B). In contrast, PDGFRa* OPC
density was significantly increased at the LPC lesion site as early as 3 dpi (p = 0.0193) and peaked at 7
dpi (p = 0.0053), before declining thereafter. Although PDGFRa* levels were similar between LPC and
saline sites from 14 to 28 DPI, densities at 21 and 28 DPI were significantly lower than those observed at
3 and 7 dpi within the lesion site (Fig. 2C). PDGFRa* OPCs were confirmed by co-localization of PDGFRa
immunoreactivity with Olig2-positive nuclei. (Fig. 2C, 3C).

In the LOT, Olig2 expression exhibited a temporal pattern like that observed in the hippocampal fimbria.
Olig2* cells increased steadily over time in both LPC- and saline-injected sites; however, densities were
significantly reduced at the LPC lesion site at 3 and 7 dpi compared to 28 dpi (p =0.03 and p < 0.001
respectively, Fig. 3B). Consistent with findings in the fimbriae, PDGFRa* OPCs were significantly higher at
the LPC lesion site relative to the contralateral saline site but not until at 7 dpi (p = 0.053) and remained
elevated at subsequent time points (Fig. 3C). However, analysis of the ipsilateral LPC lesion site
demonstrated a significant reduction in PDGFRa* OPCs at 14-28 dpi compared with earlier time points.

Figure 2. Oligodendrocyte precursor cell recruitment and Olig2 lineage progression in fimbrial lesion site
(A) Representative images of Olig2 (green) and PDGFRa (red) double immunofluorescence staining in
the fimbria at 3, 7, 14, 21, and 28 days post-injury (dpi) following injection of LPC and saline Scale bar: 50
pum. The white square inset images show a higher magnification of the region surrounding the injection
sites. Scale bar: 20 pm. Quantification of (B) Olig2* cells, (C) PDGFRa* cells, and (D) Olig2+ and PDGFRa*
co-localized cells within the lesion site in the fimbria across different time points (3—28 dpi). Data is
presented as mean + SD. Statistical analysis was performed using two-way mixed-effects ANOVA
followed by Tukey’s multiple comparisons test to assess differences across time points and within the
lesion site. (n = 20). Exact p values are indicated in the graphs.

Figure 3. Oligodendrocyte precursor cell recruitment and 0lig2 lineage progression in the lateral
olfactory tract (LOT) lesion site (A) Representative images of Olig2 (green) and PDGFRa (red) double
immunofluorescence staining in the LOT during the post-injury time course (3—28 dpi) following injection
of LPC and saline. Scale bar: 50 pm. The white square inset images show a higher magnification of the
region surrounding the injection sites. Scale bar: 20 ym. Quantification of (B) Olig2* cells, (C) PDGFRa*
cells, and (D) Olig2* and PDGFRa* co-localized cells within the lesion site in the LOT across different time
points (3—28 dpi). Data is presented as mean + SD. Statistical analysis was performed using two-way
mixed-effects ANOVA followed by Tukey’s multiple comparisons test to assess differences across time
points and within the lesion site. Exact p values are indicated in the graphs.

Myelin loss is accompanied by apoptotic neuronal cell
death

Following the apparent inverse relationship between Olig2 expression and PDGFRa* OPCs levels, we next
investigated whether the reduced Olig2 levels reflected altered levels of other oligodendroglial lineage
cells. To address this, we quantified myelin basic protein (MBP) expression, a marker of mature
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oligodendrocytes. In parallel, we assessed neuronal survival following LPC-induced demyelination by co-
staining for NeuN and cleaved caspase-3 (casp3) (Fig. 4, 5). In the fimbria, MBP levels were significantly
reduced at the LPC lesion site at 7 dpi relative to the saline site, suggesting acute demyelination.
However, MBP expression increased thereafter, reaching levels comparable to the saline site between 14
and 28 dpi, significantly exceeding those observed within the ipsilateral lesion site during the early
demyelinating timepoints (3-7 dpi). (Fig. 4B). A similar but earlier pattern of demyelination was
observed in the LOT. MBP expression at the LPC lesion site was significantly reduced as early as 3 dpi
and remained decreased at 7 dpi relative to the saline site. By contrast, MBP levels re-established
between 14 and 28 dpi, at which time they were comparable between LPC and saline sites and
significantly higher within the lesion site than those observed during the early post-lesion time point
(Fig. 5B).

Despite these transient changes in myelin integrity, neuronal survival was largely preserved following
LPC injection. In the fimbria, the overall number of NeuN* neurons did not differ significantly between
LPC and saline sites across time points. However, within the lesion site, NeuN* cell density was
transiently reduced at 3 and 7 dpi compared with later time points (14-28 dpi) (Fig. 4C). Assessing
apoptotic neuronal death in the fimbria, we found no significant interaction between time and treatment
(2-way mixed-effects ANOVA, F(4 3p) = 0.1417, p = 0.2515). In contrast, there were significant main effects
of both treatment (F(; ;) = 12.65, p = 0.0052) and time (F 13, = 22.23, p < 0.0001), indicating that each
factor independently influenced neuronal apoptosis. Colocalization of NeuN and caspase peaked at 14
days post-injury (dpi) in the LPC-treated hemisphere (Fig. 4D), compared with 7 dpi (p = 0.003). By 28 dpi,
colocalization was reduced relative to 14 dpi (p = 0.0035), but remained significantly elevated compared
with 7 dpi (p = 0.0301). In contrast, neuronal density in the LOT remained stable across both ipsilateral
and contralateral lesion sites and time points, with no detectable differences (Fig. 5C).

Figure 4. Extent of demyelination, neuronal density and apoptosis at the fimbrial lesion site (A)
Representative immunofluorescence images showing MBP (green), NeuN (magenta), and Caspase-3
(red) expression in the fimbria at 3, 7, 14, 21, and 28 days post-injury (dpi), scale bar = 50 um. The white
square inset images show a higher magnification of the region surrounding the injection sites. Scale bar:
20 ym. Quantification of (B) Myelin basic protein MBP intensity, (C) NeuN and (D) Caspase-3 and NeuN
colocalization in the fimbrial lesion site across different time points (3—28 dpi). Data is presented as
mean + SD. Statistical analysis was performed using two-way mixed-effects ANOVA followed by Tukey’s
multiple comparisons test to assess differences across time points and within the lesion site (n = 20).
Exact p values are indicated in the graphs.

Figure 5. Extent of demyelination, neuronal density and apoptosis at the lateral olfactory tract (LOT)
lesion site (A) Representative immunofluorescence images showing MBP (green), NeuN (magenta), and
Caspase-3 (red) expression in the LOT at 3, 7, 14, 21, and 28 days post-injury (dpi), scale bar = 50 pm.
The white square inset images show a higher magnification of the region surrounding the injection sites.
Scale bar: 20 um. Quantification of (B) Myelin basic protein MBP intensity, (C) NeuN and (D) Caspase-3
and NeuN colocalization within the LOT lesion site across different time points (3—28 dpi). Data is
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presented as mean + SD. Statistical analysis was performed using two-way mixed-effects ANOVA
followed by Tukey’s multiple comparisons test to assess differences across time points and within the
lesion site (n = 20). Exact p values are indicated in the graphs.

Reactive gliosis peaks at 7 DPI and resolves by 21 DPI in the hippocampal fimbriae and LOT

In the hippocampal fimbriae, IBA1-positive microglial density was significantly higher at the ipsilateral
LPC injection site than at the contralateral saline site at 3 to 14 dpi (p < 0.0001). Microglial density
peaked at 7 dpi and declined from 14 to 28 dpi. The difference between the ipsilateral and contralateral
sites was significant at 3, 7, and 14 dpi (p = 0.0004, p < 0.0001, and p < 0.001, respectively), but by 21 and
28 dpi microglial densities were similar between the two sites. Within the LPC-injected ipsilateral sites,
IBA1-positive microglial density also varied significantly across time points. Densities at 7 dpi were
significantly higher than those at all other time points. Densities at 3 and 14 dpi were comparable to
each other but lower than those at 7 dpi and higher than those observed at 21 and 28 dpi (Fig. 6A, B).

Given the pronounced acute increase in microglial density, we next characterized and quantified
microglial morphology at time points showing significant changes (3, 7, and 14 dpi, Additional Fig. 2A).
Two-way mixed-effects ANOVA revealed a significant interaction between time and treatment (F(4,56) =
5.850). At 3 dpi, microglia predominantly exhibited an amoeboid morphology at both sites; however,
quantitative analysis revealed no significant difference between the ipsilateral LPC lesion and the
contralateral saline site. The density of amoeboid microglia declined significantly at subsequent time
points (p < 0.001) and was no longer detectable by 21 dpi (Additional Fig. 2C). At 7 dpi, hypertrophic
microglia, characterized by enlarged cell bodies and thickened processes, became the predominant
phenotype; their density subsequently declined at later time points (Additional Fig. 2D). Rod-like
microglia were not observed at 3 DPI but appeared at 7 dpi, reaching peak density at 14 dpi. At this time,
their density was significantly higher in the ipsilateral LPC lesion than in the contralateral saline site (p =
0.0115), before declining at 21 and 28 dpi (Additional Fig. 2E). By 21 and 28 dpi, microglia progressively
transitioned toward a ramified morphology with similar densities (Additional Fig. 2F).

Next, astrocytic activation, assessed by GFAP immunoreactivity, revealed a peak at the LPC lesion site at
7 dpi (p < 0.001) and declined between 14 and 28 dpi. GFAP levels were significantly higher at the
ipsilateral LPC site than at the contralateral saline site at 3 and 7 dpi (p =0.0020 and p =0.0073,
respectively) but did not differ between sites from 14 to 28 DPI (Fig. 6C).

In the LOT, the microglial population exhibited a temporal pattern of IBA1-positive cells like that observed
in the fimbria across all time points (Fig. 7A). However, total IBA1 expression at the LPC lesion site was
consistently lower in the LOT than in the hippocampal fimbria (Fig. 7B). Microglial morphological
phenotypes also followed comparable temporal changes in the LOT (Additional Fig. 2G-J). Nonetheless,
hypertrophic microglial density at the LPC lesion site in the LOT was significantly higher than at the
contralateral saline site at 7 and 14 dpi, whereas densities at these time points were similar between
sites in the hippocampal fimbriae. Rod-like microglia also appeared later in the LOT, beginning at 14 dpi
compared with 7 dpi in the hippocampal fimbria. Consistent with the fimbria, GFAP+ cell expression
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progressively increased at the ipsilateral site; however, in the LOT, elevated levels persisted until 14 dpi
(Fig. 7C).

Figure 6. Astrocyte and microglial response at the fimbrial lesion site (A) Representative
immunofluorescence images showing microglial (green) and astrocyte (magenta) accumulation at the
lesion site in the fimbria at 3, 7, 14, 21, and 28 days post-injury (dpi). Scale bar: 50 pm. The white square
inset images show a higher magnification of the region surrounding the injection sites. Scale bar: 20 ym.
(B) Quantification of IBA-1 positive microglial and (C) GFAP positive astrocytes in the fimbria across
different time points (3—28 dpi). Data is presented as mean + SD. Statistical analysis was performed
using two-way mixed-effects ANOVA followed by Tukey’s multiple comparisons test to assess
differences across time points and within the lesion site (n = 20). Exact p values are indicated in the
graphs.

Figure 7. Astrocyte and microglial response at the lateral olfactory tract (LOT) lesion site (A)
Representative immunofluorescence images showing microglial (green) and astrocyte (magenta)
accumulation at the LOT at 3, 7, 14, 21, and 28 days post-injury (dpi). Scale bar: 50 pm. The white square
inset images show a higher magnification of the region surrounding the injection sites. Scale bar: 20 ym.
(B) Quantification of IBA-1 positive microglial and (C) GFAP positive astrocytes in the LOT across
different time points (3—28 dpi). Data is presented as mean + SD. Statistical analysis was performed
using two-way mixed-effects ANOVA followed by Tukey’s multiple comparisons test to assess
differences across time points and within the lesion site (n = 20). Exact p values are indicated in the
graphs.

Extracellular matrix remodeling in the fimbria and LOT

To investigate how extracellular matrix remodeling relates to the timing of myelin repair, we examined
the chondroitin sulfate proteoglycans brevican and versican, key components of the inhibitory
extracellular matrix in the injured CNS. We quantified their expression across time points and assessed
whether changes in their levels coincide with alterations in oligodendrocyte lineage cells and myelin
repair (Additional Fig. 2). Their expressions were similar between the ipsilateral and contralateral lesion
sites across all time points (Additional Fig. 2B, C). However, lesion site—specific analysis revealed
distinct temporal dynamics: versican expression peaked at 7 dpi before gradually declining from 14 to 28
dpi, whereas brevican expression showed a delayed increase, reaching significantly higher levels at 28
dpi.

In the LOT, versican expression exhibited a pronounced, time-dependent increase at both LPC and saline
injection sites. Specifically, versican* cell density increased significantly at early time points, reaching a
peak at 7 dpi. This early elevation was followed by a progressive decline from 14 through 28 dpi, with
levels approaching baseline by the later stages. Brevican expression exhibited a delayed but sustained
increase following LPC-induced demyelination in the LOT. In contrast to versican, brevican* cell density
did not show a pronounced early peak but remained relatively stable at initial time points. A significant
elevation emerged at later stages, with levels at 28 dpi markedly higher than at earlier time points.
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DISCUSSION

The complex and multifocal nature of demyelinating lesions in multiple sclerosis (MS) presents a
significant challenge for understanding the cellular, inflammatory, and myelin-specific processes that
underline lesion evolution and repair (Boutitah-Benyaich et al. 2025; Tafti et al. 2026). Particularly
challenging is that lesions arise across diverse white matter tracts and anatomical regions, each
characterized by distinct microenvironments and immune responses, thus complicating efforts to study
discrete mechanisms in isolation. To address this, we employed the lysophosphatidylcholine (LPC) toxin-
induced demyelination model, which is widely used for its ability to produce focal lesions with a highly
reproducible course of demyelination and remyelination (Peruzzotti-Jametti et al. 2025; Plemel et al.
2018; Vereyken et al. 2009; Yamazaki et al. 2021).

We observed region-specific differences in lesion progression measured by lesion diameter across both
tracts, indicating heterogeneity in LPC-induced lesions. Such disparity in lesion evolution has been
reported in focal demyelination models, reflecting distinct patterns of cellular response and anatomical
location depending on local microenvironment factors (Blakemore and Franklin 2008). This parallels the
report by Serwanski et al. (2018), that observed that differential recruitment and OPCs differentiation
influence the timing and extent of lesion progression in the corpus callosum, with local OPCs rapidly
proliferating and generating OLs within LPC lesions, while more distal neural stem cells contribute to
repopulating OPC pools at later times. These findings suggest that tract-specific microenvironments
influence temporal dynamics of demyelination and remyelination, resulting in region-dependent
differences in lesion evolution across white matter tracts. Accordingly, this suggests that, despite the
widespread use of LPC as a demyelinating model, studies should evaluate lesions within a region-
specific context.

Platelet-derived factor receptor, PDGFRa is upregulated at lesion site to drive precursor cell proliferation
following LPC-induced demyelination. These findings support PDGFRa activation as an early response to
demyelinating injury, consistent with its role in driving precursor proliferation during the initial phase of
repair. This observation is in consonance with previous reports identifying PDGFRa* OPCs as the
proliferative population across multiple CNS regions following focal demyelination, including the
forebrain, medulla and spinal cord (Hiratsuka et al. 2019; Kataria et al. 2018; Redwine and Armstrong
1998). Genetic studies further support a causal role for PDGFRa signaling in this process. Conditional
ablation of PDGFRa specifically in OPCs significantly impairs their proliferative abilities highlighting the
importance of this pathway for efficient remyelination (Zhu at al. 2014). In parallel, transcriptomic
analyses of OPCs isolated from demyelinated lesions reveal enrichment of PDGF-responsive gene
networks, (Baydyuk et al, 2020), suggesting that PDGFRa activation is part of a broader injury-induced
transcriptional program that primes these cells for cell cycle entry.

Notably, the present study demonstrates a regional distinction in PDGFRa dynamics, with an earlier and
pronounced increase observed in the fimbria relative to the LOT. This suggests that white matter tracts
differ in their temporal responsiveness to demyelination, The more rapid onset of OPC proliferation in the
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fimbria could reflect its unique anatomical positioning adjacent to the subventricular zone (SVZ), which
provides a readily available reservoir of progenitors capable of rapid mobilization (Azim et al. 2012).
While heterogeneity in OPC proliferation across grey and white matter has been previously reported
(Young et al. 2013), the present data expands these findings demonstrating a within-white matter tract
differences in PDGFRa activation, highlighting a spatial regulation in the remyelination response. The
temporal profile observed here, characterized by an early increase followed by a reduction in PDGFRa
density by 14 dpi, further supports a time-specific role for PDGFRa signaling. While activation of this
pathway promotes OPC proliferation, its downregulation appears necessary for subsequent
differentiation and remyelination. Indeed, prolonged PDGFRa signaling has been shown to maintain
OPCs in a progenitor state and delay myelin gene expression (Calver et al. 1998), suggesting that the
decline in PDGFRa expression observed at the later time points in our study may reflect a transition from
proliferation to differentiation within the lesion environment to enhance myelin repair.

Furthermore, the temporal increase in PDGFRa observed in both the fimbria and LOT corresponds to
marked reduction in MBP, a membrane protein localized at the cytoplasmic surface of mature
oligodendrocyte, that is critical for myelin compaction (Bijlard et al. 2016), consistent with an acute
toxin-mediated myelin loss induced by LPC. This inverse relationship between PDGFRa expression and
MBP levels is in line with previous studies demonstrating that LPC-induced demyelination leads to rapid
mature oligodendrocyte loss and myelin breakdown, followed by a compensatory elevation of OPCs
within the lesion site (Baaklini et al. 2023; Keough et al. 2016). Additionally, studies demonstrated that
PDGFRa and MBP are not co-expressed by oligodendrocytes at any stage of differentiation (Zhu et al.
2014; Butt et al. 1997; Zheng et al. 2018). Our findings support this hypothesis, going by the temporal
dynamics with PDGFRa expression reduction before MBP expression increase indicating a sequential
rather than simultaneous pattern. The decreased MBP expression at early points in both fimbria and LOT
is consistent with an acute loss of myelin induced by the toxin, LPC. The more rapid onset of
demyelination in the LOT may be due to relatively distant location of the LOT from the SVZ, an
established source of OPCs, in comparison to the fimbria. The early phase loss of myelin in both tracts is
explained by the lipid-disrupting properties of lysolecithin. Remarkably, despite the initial regional
differences in the extent and kinetics of demyelination, the restoration of MBP to baseline in both tracts
by 21 dpi highlights the self-limiting nature of LPC-induced toxicity. Additionally, the period of minimal
MBP expression (7 dpi) was accompanied by peak microglial activation. Following this peak, microglial
accumulation within the lesion sites declined to near baseline levels by 21 dpi, indicative of a transient,
acute neuroinflammatory response characterized by glial activation (Kraft and Jean Harry 2011) and the
role of microglia in clearing myelin debris (LIloyd and Miron 2019). The initial microglial phenotypes at
day 3-7 dpi indicate pro-inflammatory response that have been linked to the requisite response needed
to activate OPC proliferation and survival, while the upregulation of the anti-inflammatory phenotype that
occurs later during lesion evolution is important to generate the factors for OPC differentiation (Miron et
al. 2013). This distinct correlation between microglial infiltration and OPC recruitment suggests that the
inflammatory response observed in demyelination may be a requirement for oligodendrocyte
regeneration (Glezer et al. 2007; Shigemoto-Mogami et al. 2014). Although both tracts exhibited a similar
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temporal pattern, evident by an early increase in microglial activation followed by a mid-to-late-phase
resolution, a striking finding was the heightened microglial response observed in the fimbria at 28 dpi.
This suggests a relatively sustained microglial activity in the fimbria compared to the LOT. One possible
explanation relates to tract-specific structural and anatomical properties. The fimbria, being the largest
output pathway of the hippocampus, constitutes a substantially larger and more densely organized white
matter tract than the LOT (Senova et al. 2020). Its greater volume and surface area may necessitate
increased microglial recruitment and prolong the clearance process. Additionally, the deeply located
dense afferent fibers within the fimbria likely correspond to a higher oligodendrocyte population, leading
to greater accumulation of myelin debris secondary to LPC-induced toxicity (Stidworthy et al. 2006).
Taken together, with the findings that the fimbria exhibited larger lesion areas, this underscores that
regional differences in axonal architecture is a major contributing factor to the rate of lesion resolution

The neuronal population was preserved in the LOT throughout the tracked timeline. Temporal trends,
however, revealed an early phase decline in the neuronal population of fimbria at 3 and 7 dpi, which was
found to be statistically significant in comparison to 28 dpi. The significant neuronal vulnerability
observed in the fimbria in the early to mid-timepoints post-injection could reflect a pronounced
sensitivity of white-matter tracts to transient demyelination. This sensitivity has been linked to axonal
stress in previous studies (Irvine and Blakemore 2008). Our results revealed a synchronized peak in
apoptotic neuronal loss in both the LOT and the fimbria at 14 dpi, corresponding with the window of
maximal oligodendroglial lineage loss. Notably, the fimbria exhibited sustained apoptotic activity, which
persisted into 14 dpi, unlike the LOT which demonstrated a more rapid return to saline levels. The
resolution of apoptotic activity in both tracts by 21 dpi, marked by a return to saline levels, coincide with
the window of repair and oligodendrocyte regeneration. Apoptotic signaling was largely restricted to
early post-injury timepoints across regions. This pattern is consistent with studies demonstrating that
LPC acts primarily as a lipid-disrupting agent that induces rapid but transient cellular injury, sparing
axons and neurons once the toxin is cleared (Plemel et al. 2018).

Temporal profiling of the lesion microenvironment revealed region-specific dynamics in versican-
associated extracellular matrix (ECM) remodeling. Although both tracts followed a broadly similar
trajectory over time, the fimbria exhibited a more pronounced and rapid early response, consistent with
increased sensitivity to injury-induced changes in matrix composition. In contrast, the LOT showed a
more limited profile, suggesting differential regulation of extracellular matrix turnover across white
matter tracts. The loss of versican has been associated with ongoing cell death in previous studies
(Kenagy et al. 2009) but the temporal dynamics in the LOT and the fimbria suggest a different trajectory.
Rather than reflecting a uniform association with degeneration, versican dynamics may instead capture
distinct phases of microenvironmental adaptation, including transient matrix expansion and subsequent
resolution. Given that versican is known to be a product of differentiating OPCs but is downregulated
during terminal differentiation, the late phase decline suggests a successful differentiation of OPCs into
mature oligodendrocytes capable of myelination (Asher et al. 2002). This is supported by our
observation of a late-phase restoration of MBP observed in both tracts. This elevation was sustained
with the mean area covered remaining relatively stable throughout the 28 dpi. In the fimbria, the mean
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expression remained relatively stable in the early to mid-time-points. However, at 28 dpi, a late phase
surge which was significant in comparison to the earlier timepoints was observed. The significant late-
phase increase of Brevican® cells in the fimbria points towards a robust reestablishment of the structural
ECM following remyelination (Harlow and Macklin 2014). While chondroitin sulfate glycoproteins like
versican are associated with an inhibition of repair, brevican has been demonstrated to promote the
maturation and proliferation of mature myelinating oligodendrocytes, in addition to establishing
perineuronal nets and the nodes of Ranvier (Bekku et al. 2009; Ghorbani et al. 2022). The significant late-
phase reduction in versican-positive cells observed in the LOT and sustained expression of Brevican
observed in the fimbria point towards spatial distinct constraints on remyelination consistent with
region-specific effects of chondroitin sulfate proteoglycans (Keough et al. 2016) .

Together, these findings support that PDGFRa activation constitutes an early, regionally heterogeneous
response to demyelination that drives OPC proliferation, and is tightly regulated to promote
remyelination. We report a peak demyelination in both fimbria and LOT at 7dpi, this timeline aligns with
observations in the internal capsule reported by Yamazaki et al. (2023) but differs from findings by
Plemel et al. (2018), who observed peak demyelination as early as 24 hours following LPC injection in
the ventral column of the spinal cord. These incongruences underscore an important point, although LPC
reliably induces demyelination across multiple white matter tracts, the temporal dynamics of myelin loss
are highly tract specific. While this study focused on the glial and lesion microenvironment driven
mechanisms of repair, we acknowledge that the innate immune response, a significant contributor to the
demyelinating microenvironment (Dong and Yong 2019) is a possible source of physiological variance.
Although we utilized within-animal contralateral injections to provide an internal baseline control to
mitigate this limitation to reduce the impact of inter-animal variability and systemic differences in
immune status, thereby strengthening the inference that the observed effects are regionally driven rather
than primarily attributable to subject factors. Future studies examining immune profiling will be
important to resolve subject differences in inflammatory responses contributions to the observed
heterogeneity. A further limitation of this study is the lack of sufficient statistical power to assess sex-
specific effects. As this study was designed as an exploratory, descriptive time-course analysis, the aim
was to characterize temporal cellular and pathological changes rather than to evaluate sex differences.
Consequently, the study was not powered for sex-based comparisons. Although this limits definitive
inference regarding sex-specific responses, the observed temporal patterns and treatment-related
effects were consistent and provide a strong foundation for future hypothesis-driven studies
incorporating formal power calculations and dedicated sex-based analyses.

These findings suggest that LPC induced localized demyelination followed a coordinated but non-
uniform lesion resolution in different white matter tract. This regional heterogeneity has important
implications for therapeutic strategies, highlighting the need to consider anatomical context as a crucial
determinant of regenerative outcome and suggests that strategies to enhance remyelination will need to
account for local differences in glial and extracellular matrix signaling.

Additional Fig. 1

Page 15/30



Representative immunofluorescence images showing microglia phenotypes prominent at the lesion
sites at 3,7, 14, 21, and 28 days post-injury (dpi). (A) Microglia were labeled with IBA1, and
morphological phenotypes were classified and quantified within ipsilateral and contralateral fimbria at
3-28 dpi (B) Images were pre-processed in ImageJ prior to analysis and identified as amoeboid,
hypertrophied, rod-like and ramified. (C—F) Quantification of distinct IBA1+ microglial morphologies in
ipsilateral and contralateral fimbria across the post-injury time course (G-J) Quantification of distinct
IBA1* microglial morphologies in ipsilateral and contralateral LOT across the post-injury time course.
Data is presented as mean + SD. Statistical analysis was performed using two-way mixed-effects ANOVA
followed by Tukey’s multiple comparisons test to assess differences across time points and within the
lesion site (n = 20). Exact p values are indicated in the graphs.

Additional Fig. 2. Extracellular matrix visualization at the fimbrial lesion site. (A) Representative
immunofluorescence images showing double labeling for versican (green) and brevican (red) in the
fimbria across the post-injury time course (3-28 dpi) following LPC or saline injection. Scale bar: 50 pm.
The white square inset images show a higher magnification of the region surrounding the injection sites.
Scale bar: 20 um. Quantification of (B) versican and (C) brevican expression within the lesion site in the
fimbria across different time points (3—28 dpi). Data is presented as mean * SD. Statistical analysis was
performed using two-way mixed-effects ANOVA followed by Tukey’s multiple comparisons test to assess
differences across time points and within the lesion site (n = 20). Exact p values are indicated in the
graphs.

Additional Fig. 3. Extracellular matrix visualization at the lateral olfactory tract (LOT) lesion site (A)
Representative immunofluorescence images showing double labeling for versican (green) and brevican
(red) in the LOT across the post-injury time course (3-28 dpi) following LPC or saline injection. Scale bar:
50 um. The white square inset images show a higher magnification of the region surrounding the
injection sites. Scale bar: 20 pm. Quantification of (B) versican and (C) brevican expression within the
lesion site in the LOT across different time points (3—28 dpi). Data is presented as mean + SD. Statistical
analysis was performed using two-way mixed-effects ANOVA followed by Tukey’s multiple comparisons
test to assess differences across time points and within the lesion site (n = 20). Exact p values are
indicated in the graphs.
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Figure 1

Lysophosphatidylcholine (LPC)-induced demyelination of the hippocampal fimbria (HPF) and lateral
olfactory tract (LOT). (A) Timeline indicating the experimental design and intracranial injection of LPC
(ipsilateral hemisphere) and saline (contralateral hemisphere)in the HPF and LOT and subsequent
euthanasia and analysis at 3, 7-, 14-, 21- and 28 days post-injection (dpi). (B) Representative images for
IBA immunofluorescent staining showing lesion site in the fimbria and LOT following the injection of
LPC. Scale bar, 20 um. Yellow line indicates the lesion diameter. Data analysis of lesion diameter in the
(C) fimbria and (D) LOT regions at different time points (3-28 dpi). Data is presented as mean + SD, and
statistical analysis was conducted using two-way mixed-effects ANOVA by Tukey's multiple
comparisons test (n = 20). The red and blue squares show injection site in the ipsilateral and
contralateral hemisphere, respectively.
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Figure 2 point (dp

Oligodendrocyte precursor cell recruitment and Olig2 lineage progression in fimbrial lesion site (A)
Representative images of Olig2 (green) and PDGFRa (red) double immunofluorescence staining in the
fimbria at 3, 7, 14, 21, and 28 days post-injury (dpi) following injection of LPC and saline Scale bar: 50
um. The white square inset images show a higher magnification of the region surrounding the injection
sites. Scale bar: 20 pm. Quantification of (B) Olig2* cells, (C) PDGFRa* cells, and (D) Olig2* and PDGFRa*
co-localized cells within the lesion site in the fimbria across different time points (3-28 dpi). Data is
presented as mean  SD. Statistical analysis was performed using two-way mixed-effects ANOVA
followed by Tukey’s multiple comparisons test to assess differences across time points and within the
lesion site. (n=20). Exact p values are indicated in the graphs.
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Figure 3

Oligodendrocyte precursor cell recruitment and Olig2 lineage progression in the lateral olfactory tract
(LOT) lesion site (A) Representative images of Olig2 (green) and PDGFRa (red) double
immunofluorescence staining in the LOT during the post-injury time course (3-28 dpi) following injection
of LPC and saline. Scale bar: 50 um. The white square inset images show a higher magnification of the
region surrounding the injection sites. Scale bar: 20 um. Quantification of (B) Olig2* cells, (C) PDGFRa*
cells, and (D) Olig2* and PDGFRa* co-localized cells within the lesion site in the LOT across different time
points (3-28 dpi). Data is presented as mean + SD. Statistical analysis was performed using two-way
mixed-effects ANOVA followed by Tukey’s multiple comparisons test to assess differences across time
points and within the lesion site. Exact p values are indicated in the graphs.
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Extent of demyelination, neuronal density and apoptosis at the fimbrial lesion site (A) Representative
immunofluorescence images showing MBP (green), NeuN (magenta), and Caspase-3 (red) expression in
the fimbria at 3, 7, 14, 21, and 28 days post-injury (dpi), scale bar = 50 yum. The white square inset images
show a higher magnification of the region surrounding the injection sites. Scale bar: 20 ym.
Quantification of (B) Myelin basic protein MBP intensity, (C) NeuN and (D) Caspase-3 and NeuN
colocalization in the fimbrial lesion site across different time points (3-28 dpi). Data is presented as
mean * SD. Statistical analysis was performed using two-way mixed-effects ANOVA followed by Tukey’s
multiple comparisons test to assess differences across time points and within the lesion site (n = 20).
Exact p values are indicated in the graphs.
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Figure 5

Extent of demyelination, neuronal density and apoptosis at the lateral olfactory tract (LOT) lesion site (A)
Representative immunofluorescence images showing MBP (green), NeuN (magenta), and Caspase-3
(red) expression in the LOTat 3, 7, 14, 21, and 28 days post-injury (dpi), scale bar = 50 ym. The white
square inset images show a higher magnification of the region surrounding the injection sites. Scale bar:
20 ym. Quantification of (B) Myelin basic protein MBP intensity, (C) NeuN and (D) Caspase-3 and NeuN
colocalization within the LOT lesion site across different time points (3-28 dpi). Data is presented as
mean * SD. Statistical analysis was performed using two-way mixed-effects ANOVA followed by Tukey’s
multiple comparisons test to assess differences across time points and within the lesion site (n = 20).
Exact p values are indicated in the graphs.
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Figure 6

Astrocyte and microglial response at the fimbrial lesion site (A) Representative immunofluorescence
images showing microglial (green) and astrocyte (magenta) accumulation at the lesion site in the
fimbria at 3, 7, 14, 21, and 28 days post-injury (dpi). Scale bar: 50 um. The white square inset images
show a higher magnification of the region surrounding the injection sites. Scale bar: 20 um. (B)
Quantification of IBA-1 positive microglial and (C) GFAP positive astrocytes in the fimbria across
different time points (3-28 dpi). Data is presented as mean * SD. Statistical analysis was performed
using two-way mixed-effects ANOVA followed by Tukey’s multiple comparisons test to assess
differences across time points and within the lesion site (n=20). Exact pvalues are indicated in the
graphs.
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Figure 7

Astrocyte and microglial response at the lateral olfactory tract (LOT) lesion site (A) Representative
immunofluorescence images showing microglial (green) and astrocyte (magenta) accumulation at the
LOT at 3, 7, 14, 21, and 28 days post-injury (dpi). Scale bar: 50 pm. The white square inset images show a
higher magnification of the region surrounding the injection sites. Scale bar: 20 um. (B) Quantification of
IBA-1 positive microglial and (C) GFAP positive astrocytes in the LOT across different time points (3-28
dpi). Data is presented as mean * SD. Statistical analysis was performed using two-way mixed-effects
ANOVA followed by Tukey’s multiple comparisons test to assess differences across time points and
within the lesion site (n=20). Exact pvalues are indicated in the graphs.
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