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ABSTRACT

Introduction. Transient global ischaemia in rodents causes selective loss of hippocampal CA1neu-
rons, but the potential involvement of endocytic pathways has not been fully explored. The aim
of this study was to investigate the changes in early endosomes in the CA1 subfield after ischaemia
and reperfusion.

Material and methods. A four-vessel occlusion (4-VO) model was established in Wistar rats to induce
13 minutes of global cerebral ischaemia. Neuronal death was detected by Fluoro-Jade B (FJ-B) staining
at various intervals after reperfusion, and intracellular membrane changes in ischaemic neurons
were revealed using DIOC (3), a lipophilic fluorescent probe. Ras-related protein Rab5 (Rab5) im-
munostaining was performed to detect changes in early endosomes in ischaemic neurons. Western
blot analysis was used to confirm the morphological observations on Rab5 in the CA1 hippocampal
subfield.

Results. FJ-B staining confirmed progressive neuronal death in the CA1 subfield in ischaemic rats
after reperfusion. DiOC (3) staining revealed abnormally increased membranous components
in ischaemic CA1 neurons. Specifically, early endosomes, as labelled by Rab5 immunostaining,
significantly increased in number and size in CA1 neurons at 1.5 and 2 days post-reperfusion, fol-
lowed by rupture at day 3 and a decrease in staining intensity at day 7 post-reperfusion. Western
blot analysis confirmed a significant upregulation of Rab5 protein levels at day 2, which returned
to near control levels by day 7.

Conclusions. Our study revealed significant changes in the dynamics of early endosomes in CA1 neu-
rons after ischaemia-reperfusion injury. The initial increase in the area fraction of early endosomes
in CA1 neurons may reflect an upregulation of endocytic activity, whereas the fragmentation and
reduction of early endosomes at the later stage may indicate a failure of adaptive mechanisms of
ischaemic neurons against ischaemia-induced death. Understanding the temporal dynamics of early
endosomes provides critical insights into the cellular mechanisms that govern fate of CA1 hippo-
campal neuronsl after ischaemia/reperfusion.
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INTRODUCTION

Atemporary disruption in cerebral blood flow can result
in delayed death of vulnerable neurons, especially in the
hippocampus[1-3].In animals experiencing global cerebral
ischaemia, autophagosomes and lysosomes were observed
to increase in number and size in ischaemic neurons, indi-
cating enhanced cellular degradation following ischaemia
[4, 5]1. However, the effects of ischaemia on endocytic path-
ways are less studied. Investigating these impacts could
illuminate mechanisms of neuronal damage and suggest
new therapeutic approaches [6].

The endosomal pathway within neuronsiis a tightly con-
trolled and efficient system for the uptake and processing of
extracellular nutrients, growth factors, and receptors [7-9].
Italso plays a role in the recovery and degradation of plasma
membrane integrins following neurotransmitter releases,
ensuring that relevant information is relayed to intracellular
biosynthetic pathways [10]. Moreover, endocytosis in neu-
rons serves to internalise components of the plasma mem-
brane that have been damaged, which is a vital process for
maintaining the functionality of the neural membrane [11].
This complex system underscores the sophisticated mech-
anisms that neurons employ to manage their internal and
external environment, facilitating their survival and proper
functioning.

Endosomes are classified into early and late stages
based on the timing of endocytosis and the expression
of certain markers [12]. Ras-associated binding (Rabs)
proteins, a family of small GTP-binding proteins, play
a critical role in regulating the structure and function
of the endosomal system by recruiting specific effector
proteins to different vesicular surfaces [13-15]. Rab5, pre-
dominantly located on early endosomes, serves as a key
marker for early endosomes [16, 17]. Therefore, examining
changes in Rab5 distribution and content within neurons
can reveal the extent of external stress on neurons and
provide valuable insights into the mechanisms underlying
neuronal damage.

Previous studies on Alzheimer’s disease have shown
a strong link between dysfunction of endocytosis and neu-
ronal death [18, 19]. However, the changes in endocytosis
and its relationship with ischaemia-induced neuronal death
remain largely unclear. Understanding this connection will
offer new insights and perspectives on the mechanisms
underlying ischaemia-induced neuronal death.

Materials and methods
Ethical approval
The experiment was approved by the Animal Research
Committee of Jilin University, China, (Permit Number:
SYXK (Ji) 2022-0015) and was performed according to the
National Institute of Health Guide for the Care and Use
of Laboratory Animals[20].
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Four-vessel occlusion (4-VO)
cerebral ischaemia/reperfusion (I/R) model

This model was operated on the principle of inducing
global cerebral ischaemia in rats by electrocoagulating
the vertebral arteries through the pterygoid foramen of the
first cervical vertebra under ether anaesthesia. Additionally,
reversible clips were loosely applied to both common carot-
id arteries[21]. After 24 hours, the rat, now conscious, was
restrained, and the clips on the carotid arteries were tight-
ened to achieve occlusion of all 4 vessels. Blood flow was
restored after removing the carotid artery clamps for peri-
ods of 13 min [22, 23].

The efficacy of the 4-vessel occlusion (4-VO) whole-brain
ischaemia model varied depending on rat strains and their
feeding conditions, because these factors can influence the
extent of delayed neuronal death. Variations can occur even
within the same strain under different feeding conditions,
leading to inconsistent experimental outcomes [24, 25].
To mitigate these variables, we chose the Wistar rat, the most
commonly utilised strain in this experimental model, for its
established reliability and consistency in experimental ischae-
mia studies. Previous studies and our own findings have
shown that in the 4-VO cerebral ischaemia model, occlusion
of the bilateral common carotid arteries for 15 min or longer
raised the risk of rat tics and mortality [26-29]. Therefore,
we selected a 13-minute closure time to reduce these risks
while still effectively studying ischaemic effects [22]. This
model offered several advantages, including straightforward
animal preparation, a high rate of ischaemic neuronal dam-
age, a low incidence of seizures, and the absence of anaes-
thesia effects on the experimental outcomes [30].

Animal groups

A total of 62 Wistar rats (2 months old, male, 250-270 g)
were used in this experiment. Among them, 50 rats were
subjected to the ischaemic operation, and 12 rats were used
as sham-operated controls. Of the 50 ischaemic rats, 37 rats
survived from the 13-min-long global cerebral ischaemia.The
rats were randomly divided into 8 groups, each consisting
of 6 rats. Five groups were designated for morphological
analysis: the sham control group, and experimental groups for
1.5, 2, 3,and 7 days post-ischaemia. The remaining 3 groups
were set aside for protein analysis, including the sham group
and experimental groups for days 2 and 7 post-ischaemia.
This approach allowed for a comprehensive analysis of both
morphological changes and protein expression alterations
atvarious time points following ischaemia, providing insights
into the dynamics of neuronal injury and recovery.

Animal and tissue processing
for morphological analysis
Experimental animals were anaesthetised with 10% chlo-
ral hydrate administered intraperitoneally (i.p., 400 mg/kg).
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The thoracic cavity was opened to reveal the heart, and
a perfusion pump was used to flush the circulatory system
with physiological saline through the ascending aorta. The
right atrial appendage was cut open so that blood and saline
could flow out. This was followed by perfusion fixation for
about 10 min using 4% paraformaldehyde. After the per-
fusion process, the brain was extracted and submerged in
4% paraformaldehyde for 4-6 h for post-fixation at 4°C, and
then washed in a series of cold sucrose solutions of increas-
ing concentration until they sunk to the bottom of the
vessel. Brain tissues were transversely sectioned into slices
of 30-50 um thickness using a cryostat (Tissue-Tek, Sakura
Finetek, Tokyo, Japan). The brain sections from Bregma
-2.28 to —-4.68 mm, which contained the dorsal hippocam-
pus, were selected and rinsed 3 times with 0.1 M phosphate
buffer (PB, pH 7.4), with each rinse lasting 5-15 min, and
subsequently stored at 4°C.

Detection of I/R-induced neuronal cell death
with Fluoro-Jade B staining (FJ-B)

To examine neuronal death, a series of sections were
processed for FJ-B staining (Immu-Mount, Thermo Fisher
Scientific, Rockford, IL, USA), and observed underan Olympus
BX53 F microscope equipped with a digital imaging system
(Olympus, Tokyo, Japan), as described previously[31]. FJ-Bis
awidely used fluorochrome that selectively stains degener-
ating neurons in brain slices. The histochemical application
of FJ-B is simple, sensitive, and reliable, making it suitable
for detecting neuronal degeneration [32]. As compared to
conventional methods, such as haematoxylin-eosin (H&E) or
Nissl staining, this technique is more sensitive and specific
in detecting neuronal degeneration caused by neurotoxic
insults.

Di0C6(3) staining plus immunostaining
for the early endocytic marker Rab5

DiOC,(3) (D273) was purchased from Thermo Fisher
(Shanghai, China). Sections were pretreated with 10%
normal donkey serum in 0.1 M PB containing 0.1% Triton
X-100 at room temperature for 30 min. Subsequently, they
were incubated with rabbit polyclonal anti-Rab5 monoclo-
nal 1gG (1:500, early endosomal marker ab18211; Abcam,
Waltham, MA, USA) overnight at 4°C. The next day, the sec-
tions were washed 3 times with 0.1 M PB, and then labelled
with Alexa Fluor™ 594 donkey anti-rabbit antibody (1:500,
Molecular Probes, Eugene, OR, USA) and 2.5 ug/mL DiOC,(3)
in 0.1 M PB at room temperature, protected from light, for 1 h.

Phalloidin staining plus immunostaining
for the early endocytic marker Rab5
A series of sections were arranged in a 24-well plate
and washed 3 times with 0.1 M PB for 10 min each. The
sections were incubated in 300 uL of a mixture containing
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10% donkey serum and 0.3% Triton X-100 in 0.1 M PB in
each well for 1 h at room temperature to block nonspecific
sites. Without washing, the sections were then incubated
with a rabbit anti-Rab5 at 1:500 dilution overnight at 4°C
After several washes, the sections were incubated with
Alexa 594-conjugated donkey anti-rabbit secondary anti-
body (1:500, Molecular Probes) and Alexa 488-conjugated
phalloidin (1:100, A12379, Molecular Probes) for 2 h at room
temperature in the dark. After washing with 0.1M PB, the sec-
tions were mounted with IMMU-MOUNT (Immu-Mount, USA).

Morphological analysis of the changes
in Rab5 in hippocampal CA1 neurons
Stained sections were observed using an Olympus
FV1000 confocal laser scanning microscope (Olympus,
Tokyo, Japan). High-power confocal micrographs, taken
with a 60X objective at 2x optical zoom, were used for
detailed analysis. Quantitative analysis was performed on
the raw images, which were not adjusted for brightness or
contrast. The images were imported into Image-Pro Plus
6.0 software to measure the area fraction occupied by Rab5-
-positive structures in each neuron in the CA1 subfield, as
described previously [33, 34]. Briefly, the area positive for
Rab5 and the corresponding cytoplasmic area were meas-
ured in at least 20 CA1 pyramidal cells for each section. At
least 4 sections were scored for each animal and 6 rats were
analysed in each group. The ratio of the area occupied by
Rab5-positive particles to the cytoplasmic area was meas-
ured for each neuron and calculated from the combined
data of all animals in each group.

Western blot analysis of the early
endosomal marker, Rab5

To assess the change of Rab5 at the protein level,
4 sham-operated and 8 ischaemic rats were deeply anaes-
thetised with chloral hydrate (i.p. 400 mg/kg) on days 2 and
7 afterischaemia (n =4 per group). The brains were removed
and cut in a cold buffer into 300 um-thick transverse slices
containing the dorsal hippocampus between -1.30 and
-4.80 mm from Bregma. The CA1 subfield was microdissect-
ed from the CA3 + dentate gyrus (DG) portion under a Leica
MZ6 stereomicroscope (Leica Systems Inc., Buffalo Grove,
IL, USA) and kept separately at —-80°C until use.

Equal amounts of protein samples were separated on
12% SDSPAGE, and then transferred to polyvinylidene fluo-
ride membranes (PVDF, Pall, BSP0161, USA). The membranes
were blocked with 5% bovine serum albumin in Tris-buffered
saline containing 0.1% Tween-20 for 2 h, and then incubated
with rabbit polyclonal anti-Rab5 monoclonal IgG (1:1000,
ab18211; Abcam) overnight at 4°C. As a reference protein,
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was
probed with mouse monoclonal anti-GAPDH IgM (1:1000,
Boster Biological Technology, Wuhan, Hubei, China).
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The membranes were further labelled with peroxi-
dase-conjugated affiniPure F(ab’), fragment of goat anti-rab-
bit IgG (H+L) (Jackson ImmunoResearch Laboratories,
West Grove, PA, USA), visualized by ECL detection kit
(34080, SuperSignal™, Thermo Fisher, USA) and analysed
using Quantity One software (version 4.6.2).

Statistical analysis

All data were expressed as mean + SEM across the
groups and statistically analysed using SPSS version
18.0 packadge (Chicago, IL, USA). Differences between the
ischaemic and control groups were statistically assessed
using One-Way analysis of variance (ANOVA), followed
by Tukey’s multiple comparison test with a significance
threshold of P < 0.05, enabling a precise evaluation of the
impact of ischaemia on neurons.

RESULTS
Ischaemia-induced neuronal death in the CA1
subfield of the hippocampus

In this study, we assessed the damage to hippocampal
neurons by staining with FJ-B, a fluorescent marker known
for its specific binding to dying or dead neurons. As shown
in Figure 1, no FJ-B-positive cells were observed in the
hippocampus of sham-operated controls (Fig. TA1-A2).
However, at 1.5 days post-reperfusion, a subset of cells
in the pyramidal layer of the CA1 subfield in ischaemic rats
showed modest FJ-B positivity (Fig. 1B1). At this stage, FJ-B
fluorescence was localised to the perikaryal cytoplasm,
and the cells retained their typical morphology (Fig. 1B2).
By day 2 post-reperfusion, most cells in the CA1 subfield
were intensely FJ-B stained (Fig. 1C1), and these neurons
showed significant morphological damage, including atro-
phy and distortion (Fig. 1C2). FJ-B-positive neurons were
consistently detected in the CA1 subfield at days 3 to 7 post-
-reperfusion (Fig. 1E1-E2). At day 7, ischaemia-induced dam-
age progressed to the CA3 subfield of the hippocampus,
while the intensity of FJ-B staining in CA1 neurons was
significantly reduced at this time point (Fig. 1E2).

Ischaemia-induced changes in membranous
components in CA1 neurons

FJ-Bis not readily adaptable to double fluorescence analy-
sis because of the need to pre-treat sections with ethanol
and potassium permanganate solutions. As an alternative,
amembrane-bound dye, DiOC,(3), which has been reported
to be able to detect neuronal death [35], was used in this
study to reveal ischaemia-damaged neurons.

Examination of DIOC (3)-stained sections revealed that
some CA1 cells became positively stained at 1.5 days post-rep-
erfusion. DiOC,(3)-positive structures were distributed in the
perikaryal cytoplasm of CA1 cells, whose nuclei remained
negative. DiIOC (3)-positive cells were consistently observed
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up to day 7 (Fig. 2D1, E1), the longest time point examined
in this study, but the intensity of staining in CA1 neurons
was somewhat reduced at day 7 after reperfusion (Fig. 2E1).

Unlike FJ-B staining, DiOC,(3) staining has a unique
mechanism whereby it specifically binds to the hydrophobic
domain in the phospholipid bilayer of biomembranes [35].
Therefore, the increase in DiOC(3) staining indicated abnor-
malities in intracellular membranes in CA1 neurons induced
by ischaemia and reperfusion. Consistently, DiOC,(3) stain-
ing plusimmunostaining for Rab5 showed that early endo-
somes were significantly increased in number and size in the
DiOC,(3)-positive cells in the CAT subfield at 1.5 days after
reperfusion (Fig. 2B2). The increase in Rab5 immunostaining
persisted until day 3 but was reduced in intensity by day
7 after reperfusion (Fig. 2D2, E2).

Morphological and protein analysis of early
endosome changes in hippocampal CA1 neurons

To further investigate the changes in early endosomes
of hippocampal CA1 neurons, we performed an analysis
using immunostaining for Rab5 plus phalloidin staining
on hippocampal sections (Fig. 3). Phalloidin, a fluorescent
probe, specifically binds to filamentous actin (F-actin), which
is predominantly located beneath the neuronal cell mem-
brane. Because hippocampal CA1 neurons exhibit atrophy
and deformation following ischaemia/reperfusion, phal-
loidin staining was used to clearly define cell boundaries.

Figure 3F2-J2 shows a series of high-power confo-
cal micrographs illustrating changes in early endosomes
within CA1 neurons over a 7-day period following ischae-
mia/reperfusion. Neuronal contours were revealed by phal-
loidin staining (Fig. 3F1-J1). In the sham-operated control
group, only a few Rab5-positive particles were observed,
scattered throughout the perikaryal cytoplasm of CA1 neu-
rons (Fig. 3A2, F2). Compared with the sham group, there
was a marked increase in the number of Rab5-positive
particles in CA1 neurons of ischaemic rats at 1.5 days
post-reperfusion (Fig. 3B2, G2). A significant increase in
both the number and size of Rab5-positive particles was
observed inischaemic CA1 neurons at day 2, with neurons
filled with numerous large particles (Fig. 3C2, H2). However,
the punctate staining pattern of Rab5 immunostaining
in CA1 neurons disappeared by day 3 after reperfusion,
and the cytoplasm of CA1 neurons showed diffuse stain-
ing (Fig. 3D2, 12). A similar diffuse staining pattern was
observedin CA1 neurons at day 7 post-reperfusion, but the
staining intensity was significantly reduced (Fig. 3E2, J2).
Itis noteworthy that from day 2 to day 7 after reperfusion,
the cell bodies of the CA1 neurons showed a significant
degree of distortion and atrophy (Fig. 3C1-E1, H1-J1),
as compared to those in the sham-operated controls
(Fig. 3A1, F1). Quantitative analysis showed that the area
fraction of Rab5-positive structures significantly increased
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Figure 1. FJ-B staining in the rat hippocampus following transient global cerebral ischaemia. FJ-B is used to detect dying or dead neurons in the
hippocampus of both sham and experimental groups at 1.5, 2, 3, and 7 days after reperfusion. A1-E1. FJ-B staining throughout the hippocam-
pus, and the CA1 subfield in A1-E1 (partially boxed) is further magnified in A2-E2, showing the progression of CA1 neuronal death. Scale bars:

A1-E1:500 um; A2-E2: 50 um.

at 1.5 day (P < 0.05), peaked at 3 days (P < 0.001), and
remained higher at 7 days post-reperfusion (P <0.01,n=6),
compared to the sham-operated control group (Fig. 4A).
Western blot analysis (Fig. 4B) was performed on both
sham and experimental groups to quantify Rab5 protein
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and confirm the results of anti-Rab5 immunostaining. The
results showed that the protein level of Rab5 was signifi-
cantly elevated in the ischaemic group on day 2 (P < 0.01),
but returned to near the level of the sham control group by
day 7 after reperfusion (P > 0.05, n = 4).
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Figure 2. DiOC(3) staining combined with immunostaining for Rab5 in the CA1 subfield of the rat hippocampus following transient global
cerebral ischaemia. A1-E1. DiOC(3) staining in the sham and ischaemic rats from 1.5 to 7 days after reperfusion. A2-E2. Immunostaining for Rab5
in the sham and ischaemic rats from 1.5 to 7 days after reperfusion. A3-E3. Are merged from A1-E1 and A2-E2, respectively. Scale bars: 50 um.
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Figure 3. Confocal images showing the changes in the distribution of F-actin and Rab5 in CA1 neurons after ischaemia/reperfusion. A1-E1. Phal-
loidin staining in CA1 neurons in the sham and ischaemic rats at 1.5 to 7 days after I/R. A2-E2. Immunostaining for Rab5 in the sham and ischaemic
rats at 1.5 to 7 days after I/R. A3-E3 are merged form A1-E1 and A2-E2, respectively. F1-J1, F2-J2, F3-J3 are the enlarged images of A1-E1,
A2-E2, A3-E3 at the selected position of the box, repectively. Scale bars: 10 um.
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Figure 4. Morphological and protein analysis of Rab5 in the CA1 subfield of the hippocampus. A. The area fractions of Rab5-positive struc-
tures in CA1 neurons are compared between sham and ischaemic rats from 1.5 to 7 days after reperfusion. ‘P < 0.5; “P < 0.01; ™P < 0.001,
relative to the sham-operated control (n = 6 per group, one-way ANOVA). B. Western blot analysis was conducted on Rab5 in the CA1 subfield
of the hippocampus in both sham-operated and ischaemic rats at days 2 and 7 after reperfusion. “P < 0.001, relative to the sham-operated
control (n = 4 per group, one-way ANOVA). Abbreviation: GAPDH — glyceraldehyde-3-phosphate dehydrogenase.

Discussion

Transient global cerebral ischaemiain rodents is a well-
-established model that specifically induces neuronal loss
in the hippocampal CA1 subfield, with cell death typically
occurring between 48 and 72 hours after ischaemia and re-
perfusion [1-3, 36, 37]. Our findings, as revealed by FJ-B stain-
ing, are consistent with the existing literature and confirm
the delayed progression of hippocampal neuronal death in
this study [36]. DIOC (3), a lipophilic dye that binds to the
hydrophobic regions of phospholipids in biomembranes,
was previously reported to reveal an increase in membrane
components within dying or dead neurons in the ischaemic
hippocampal CA1 subfield [38]. Our DIOC (3) staining sim-
ilarly indicates an increase in membranous elements, sug-
gesting that perturbations in cellular membrane integrity
occurred as early as 1.5 days after ischaemia/reperfusion.

Cerebral ischaemia, characterised by reduced blood
flow to the brain, is known to trigger a cascade of events
including energy failure, ion pump dysfunction, and excito-
toxicity, particularly in vulnerable brain regions, ultimately
leading to neuronal death[37]. Neurons in the central nerv-
ous system (CNS), with their extensive synaptic connections,
rely heavily on the transport of materials to the soma for
degradation, placing high demands on the endolysosomal
degradation pathway [6]. Endocytosis is a cellular process
central to the internalisation of nutrients, neurotransmitters,
and membrane proteins, as well as the regulation of cell
surface receptors [35]. The complexity of the endosomal
system makes it vulnerable to dysfunction, which has been
demonstrated as a hallmark of various neurodegenerative
diseases, especially those affecting the CNS[39-41].

Rab5, a member of the Ras superfamily of small GTPases,
is critical for early endosome fusion and proper functioning
of the endocytic pathway[13-15]. Using Rab5 as a molecular
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marker for early endosomes, we observed a significant
increase in the number and size of early endosomes in
hippocampal CA1 neurons of ischaemic animals between
1.5 and 2 days after reperfusion. Increased immunostaining
for Rab5 overlapped with DiOC,(3) staining in CA1 neurons,
suggesting that increased endocytosis may contribute to
the observed increase in membranous structures in ischae-
mic neurons.

As a key regulator of early endocytic events, Rab5 serves
as both a marker of early endosomes and an indicator of the
cell’s ability to manage endocytic cargo [16, 17], there-
fore reflecting cellular homeostasis and the potential for
neuronal dysfunction. Although some CA1 neurons were
positive for FJ-B or DIOC,(3) staining as early as 1.5 days
after reperfusion, cell atrophy and distortion were evident
until the second day after reperfusion [36]. Given this, the
initial increase in the area fraction of Rab5-positive particles
in CA1 neurons may reflect an upregulation of endocyt-
ic activity at the early stage of reperfusion, as described
in Alzheimer’s disease[18, 19]. This may be a response by
ischaemic neurons to maintain cellular homeostasis and
counteract ischaemia-induced cell death. In support of
this, our Western blotting analysis confirms that Rab5 pro-
tein levels were significantly elevated in the CA1 subfield
of ischaemic rats on day 2 after reperfusion.

As reperfusion continued, the Rab5 staining pattern
in ischaemic CA1 neurons became diffuse and blurred. This
phenomenon is indicative of endosomal rupture and may
be attributed to autolysis caused by lysosomal leakage,
which is common in ischaemic neurons at this stage [42].
The rupture of early endosomes suggests a failure of the
adaptive mechanisms of ischaemic neurons againstischae-
mia-induced death at the stage or reperfusion. Despite
a significant decrease in the size of Rab5-positive particles,
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the area fraction of Rab5 immunopositivity remained
elevated at days 3 and 7 after reperfusion due to diffuse
cytoplasmic staining. However, our Western blot analysis
confirmed that Rab5 protein levels had returned to near
normal levels in the CA1 subfield of ischaemic rats by day
7 post-reperfusion.

Our study has revealed significant changes in the
dynamics of early endosomes in CA1 neurons follow-
ing ischaemia-reperfusion injury. To our knowledge,
the detailed changes in early endosomes following ischae-
mia have not been previously reported. The initial increase
in the area fraction of early endosome is thought to be part
of the neuron’s reparative mechanisms to restore cellular
homeostasis, while the fragmentation and reduction of
early endosomes at days 3-7 after reperfusion may be
associated with compromised integrity of the endolysoso-
mal system. Because it occurs in a spatiotemporal manner
consistent with overt neuronal death, dysfunction of the
endolysosomal system is likely to be a critical event marking
the transition from reversible to irreversible neuronal injury.
Understanding the temporal dynamics of early endosomes
provides critical insights into the cellular mechanisms that
govern neuronal fate following ischaemic events, which
may provide a clue for the development of targeted ther-
apeutic strategies aimed at preserving endolysosomal
function and promoting neuronal survival in conditions
of cerebral ischaemia.
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