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Ischemic stroke causes long-term disability and results in motor impairments. Such impairments are associated with struc-
tural changes in the neuromuscular junction (NMJ), including detailed morphology and three-dimensional (3D) distribution.
However, previous studies only explored morphological changes of individual NMJs after stroke, which limits the under-
standing of their role in post-stroke motor impairment. Here, we examine 3D distributions and detailed morphology of NMJs
in entire mouse muscles after unilateral and bilateral strokes induced by photothrombosis. The results show that 3D dis-
tributions and numbers of NMJs do not change after stroke, and severe unilateral stroke causes similar levels of NMJ
fragmentation and area enlargement to bilateral stroke. This research provides structural data, deepening the understand-
ing of neuromuscular pathophysiology after stroke.
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1. Introduction

Stroke is the second leading cause of death and amajor contribu-
tor to disability worldwide, impacting more than half of survi-
vors, decreasing their quality of life, and causing significant
social and economic challenges[1–3]. The disruption and protec-
tion of central neural circuits after stroke have received extensive
attention[4–6]. Motor function requires not only precise control
of the central nervous system (CNS) but also the integrity of
structure and function in peripheral effectors. In recent years,
researchers have moved beyond the CNS and begun to focus
on the lesions and treatment of the peripheral nerve and skeletal
muscle[7,8].
The neuromuscular junction (NMJ) is a synaptic structure

in skeletal muscle that connects muscle fibers to spinal motor
neurons and plays a crucial role in motor function[9,10].
Previous studies have demonstrated that stroke causes patho-
logic changes in skeletal muscles and NMJs[11–14]. Estrada-
Bonilla et al. utilized nonspecific esterase techniques to reveal
an increase in the NMJ area poststroke[14], while Balch’s work
also revealed that fragmentation of the NMJ occurred after a
stroke within 21 days[13]. However, these results only showed

the detailed morphological changes of individual NMJs after
stroke. Local structural information does not accurately reflect
the state of NMJs in overall skeletal muscle. Previous research
has revealed that the 3D distribution and number of NMJs
also determine the motor function of the muscle in addition
to the morphological integrity of NMJs[15]. Thus, the lack of
3D structural information on NMJs in the whole muscle limits
our understanding of their role in motor impairment after
stroke.
The emergence of tissue optical clearing technology provides

a new perspective for 3D imaging of large-volume tissues[16–19].
Recent advances in tissue clearing and optical imaging have
allowed analysis of the morphology and distribution of NMJs
in intact skeletal muscle[15,20,21], providing a novel approach
to investigating the effects of stroke on NMJs. In this study, a
targeted stroke model of the motor cortex was established
through the combination of optical clearing skull window and
photothrombosis. Motor function was evaluated using behav-
ioral testing. The 3D distribution and detailed structural alter-
ations of the NMJs during motor impairment were then
examined using tissue clearing, confocal, and light-sheet micros-
copy following unilateral and bilateral motor cortex strokes.
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2. Materials and Methods

2.1. Cerebral ischemia induced by photothrombosis

2.1.1. Animals

Thy1-YFP-16 (8–12 weeks old, male) mice were used in this
study. Animals were housed on a 12 h/12 h light/dark cycle with
access to food and water in a specific pathogen-free animal
house. All animal care and experimental protocols were per-
formed by the Experimental Animal Management Ordinance
of Hubei Province, China, and the guidelines of Huazhong
University of Science and Technology and were approved by the
Institutional Animal Ethics Committee of Huazhong University
of Science and Technology.
Cerebral ischemia was triggered via a photothrombosis tech-

nique combined with skull optical clearing[22,23].

2.1.2. Skull optical clearing

Mice were anesthetized with a mixture of 2% α-chloralose and
10% urethane (8 mL/kg) through intraperitoneal injection
before the removal of their scalp to expose their skulls and
holder attachment. The skulls (around 150 μm thick) were then
treated with urea (10023218, Sinopharm) solution (S1) in 75%
ethanol for 10 min and then with high-concentration SDBS
(D166550, Sinopharm) solution (S2) for 5 min[24].

2.1.3. Photothrombosis

After establishing skull optical clearing, 0.2% rose bengal (RB)
was injected into mice via the tail vein (0.4 mL/100 g;
RB, 330000, Sigma-Aldrich). A 532 nm laser (7 mW/mm2,
Changchun New Industry Optoelectronics, China) was then
used on the motor cortex to induce cerebral ischemia.
Different trial groups included a nonirradiated sham group, a
30-s irradiated or 5-min irradiated unilateral stroke group,
and a group where a secondary stroke was induced contralater-
ally two weeks after a 5-min irradiated unilateral stroke.

2.2. Assessment of motor function by behavioral test after
stroke

2.2.1. Rotarod test

The rotarod test is one of the most widely used tests for assessing
coordinated movements and balance of limbs in mice. To stay
on the continuously accelerating rotarod, mice need to con-
stantly adjust their positions to maintain their body balance.
Mice would fall when they were incapable of keeping up with
the rotarod. The time that mice were able to maintain their
balance on this rod was recorded.

2.2.2. Grid walking test

The grid walking test is used to assess the coordination and fine
function of mice. In brief, mice were placed on a wire grid and

walked freely to measure the probability of stepping on the air
and wrong position.

2.3. Preparation of brain section and skeletal muscle

2.3.1. Labeling NMJs

To label NMJ, Alexa Fluor 647 α-bungarotoxin (0.3 μg/g, α-BTX
647, Thermo Fisher Scientific, B35450) was injected via the tail
vein for mice. After injecting fluorescent α-BTX with a 2 h con-
jugation time, the mice were perfused transcardially.

2.3.2. Sample dissection

Mice were anesthetized using a mixture of 2% α-chloralose and
10% urethane (0.8mL/100 g, intraperitoneal), followed by trans-
cardial perfusion with ice-cold 0.01 mol/L phosphate-buffered
saline (PBS, P3813, Sigma-Aldrich) for 5–10 min. Subsequent
perfusion with 4% (mass-to-volume ratio) paraformaldehyde
(PFA, 158127, Sigma-Aldrich) in PBS was conducted for 10–
20 min. For postperfusion, brain and muscle tissues were fixed
in 4% PFA at 4°C for 24 h and repeatedly rinsed with PBS. Brain
sections (100-μm-thick) were acquired using a Leica VT1000 S
vibratome.

2.3.3. Immunostaining

For analysis of the infarct volume, brain sections were incubated
with rabbit anti-NeuN primary antibody solution (Abcam,
Ab177487, 1:500) at 4°C after incubation in the blocking solu-
tion. After washes in PBS, secondary incubation was conducted
with Alexa Fluor 555 goat anti-rabbit (Thermo Fisher Scientific,
A27039, 1:500) followed bymore washes. The sections were then
mounted on glass slides with 50% glycerol.

2.3.4. Muscle clearing

Tissues were dehydrated with tetrahydrofuran (THF, Sigma-
Aldrich, 186562) solution at a series of concentrations (50, 70,
80, 100, 100, 100 volume-to-volume ratios, in dH20, pH adjusted
to 9.0 with triethylamine). Each step took 1–2 h, depending
on the muscle thickness [approximately 1000–1300 μm for
flexor digitorum profundus (FDP) and extensor digitorum lon-
gus (EDL)] and was performed at 4°C with gentle shaking.
Thereafter, tissues were incubated in dibenzyl ether (DBE,
Sigma-Aldrich, 108014) for refractive index matching[19].

2.4. Imaging

2.4.1. Laser speckle contrast imaging

Dynamical cerebral blood flow velocity was monitored by a
home-built laser speckle contrast imaging (LSCI) system. A
He–Ne laser (632.8 nm, 3 mW), diffused through a collimating
beammirror, illuminated the target imaging area. The backscat-
tered light, after stereomicroscopic capture (SZX7, Olympus,
Japan), was recorded via a camera (Pixelfly, PCO, Germany)
at 40 frames and 20 ms exposure onto a computer. The original
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scattered images were processed through temporal contrast
analysis to obtain blood flow distribution.

2.4.2. Confocal microscopy

Imaging of NMJ structures was performed using a Zeiss LSM710
confocal microscope, employing a Fluar 10×/0.5 objective for
full muscle, and an alpha 63×/1.46 objective for detailed NMJ
evaluations.

2.4.3. Light-sheet fluorescence microscopy

Cleared muscles were imaged with light-sheet fluorescence
microscopy (LiTone XL, Light Innovation Technology, Hong
Kong, China), equipped with a 4× objective. For Thy1-YFP-
16 mice labeled with α-BTX 647, 488 nm and 647 nm were used
as exciting wavelengths. For intact muscle, the z-step interval
was 5 μm.

2.5. Data processing and quantification

2.5.1. Infarct volume

Slices at 500 μm intervals underwent immunostaining and con-
focal imaging of neuronal nuclei. Fluorescent images of these
slices were analyzed with ImageJ software. Impaired brain areas
were identified and measured, aiding in stroke damage estima-
tion. Damage volume was computed [damage-volume =
Σ�damage-area × 500 μm�], and temporal trends of stroke dam-
age area were evaluated.

2.5.2. NMJ number

Fluorescent images of intact skeletal muscle were analyzed with
Imaris software. Automated calculations and segmentation were
adjusted manually to incorporate unrecognized signal points
and eliminate false data originating from residual bubbles post-
clearing and autofluorescence inmuscle fibers and blood vessels.

2.5.3. NMJ fragmentation

With Imaris software, an image stack was reconstructed and
conducted to manually determine NMJ fragmentation. The
YFP fluorescence signal marked the NMJ’s origin, while the
α-BTX (Alexa Fluor-647) fluorescence signal was used to visu-
alize NMJ continuity. The combination of the fluorescence sig-
nals enables an accurate determination of the fragmentation
level of each NMJ.

2.5.4. NMJ area

The structure of NMJ was visualized through a z-maximum pro-
jection by ImageJ. Individual NMJs were outlined utilizing the
“Polygon selections” function, and their areas were quantified
using “Analyze-Measure.” For analysis, NMJs with a visible
“pretzel” shape and aligned on the x–y plane were primarily
selected.

2.5.5. Statistical analysis

Data analysis was performed using SPSS (IBM, USA). After
assessing the normality of data distribution, the heterogeneity
of variance was evaluated, and the one-way ANOVA was used
to calculate P values. If the variance was homogeneous, we used
the Bonferroni post hoc test for comparison; otherwise, we
used Dunnett’s T3 post hoc test for comparison. In this study,
P < 0.05 was considered significant (*P < 0.05, **P < 0.01,
and ***P < 0.001).

3. Results

3.1. Construction and evaluation of a unilateral stroke
model

The impact of ischemic stroke on NMJ structure was investi-
gated via photothrombosis-induced stroke in mice. Figure 1(a)
illustrates the complete experiment process. After optical win-
dow creation and rose bengal injection, variable cerebral infarc-
tion was induced by differing laser exposure durations. The LSCI
was used to monitor the change of the blood flow velocity to
reflect the infarct of blood vessel after photothrombosis. The
result showed a notable decline in blood flow velocity of the cor-
tex post 5 min after irradiation, indicating that the infarct was
induced successfully. Figure 1(b) showed the white-light images
of the skull before and after skull clearing. Then the extent and

Fig. 1. Construction and evaluation of a unilateral stroke model. (a) Workflow
for inducing ischemic stroke; (b) white-light images of the skull before and
after skull optical clearing; (c) fluorescence imaging of the brain in the coronal
sections from Sham, PT-30 s, and PT-5 min group; the red area on the left
shows the motor cortex. (d) Quantification of the infarct volume of the brain
(n= 3 at each time point). (e) Schematic diagrams of the rotarod test and the
grid-walking test; (f), (g) scores for the rotarod test and grid walking at each
time point after stroke in the sham group, PT-30 s group, and PT-5 min group
(n = 4 for each behavior test).
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location of the infarct were quantitatively determined using
brain slices tagged with anti-NeuN antibodies [Fig. 1(c)]. The
PT-5min group exhibited more pronouncedmotor cortex dam-
age and infarct volume than the PT-30 s group. Additionally,
over time, both groups demonstrated a progressive decrease
in infarct volume caused by the atrophy of the infarcted region
[Fig. 1(d)].
Rotarod and grid-walking assessments revealedmotor perfor-

mance deficits in mice poststroke at different time points
[Fig. 1(e)]. In contrast to the sham group, which exhibited con-
sistent behavioral patterns before and after surgery, unaffected
by rose bengal injection and skull optical clearing window cre-
ation, the PT-30 s and PT-5 min groups demonstrated signifi-
cant but distinct impairments [Figs. 1(f) and 1(g)]. Specifically,
the effects of irradiation lasting 30 s were found to be reversible,
whereas exposure for 5 min resulted in irreversible motor
impairment.

3.2. 3D visualization of NMJs in different muscles after
stroke

The process of 3D visualization of NMJ distributions in intact
skeletal muscles is shown in Fig. 2(a). To label NMJs, fluorescent
α-BTX was injected via the tail vein of Thy1-YFP-16 mice.

Subsequently, skeletal muscle was harvested after being trans-
cardially perfused and performed with the FDISCO tissue clear-
ing method. The cleared sample was mounted and then imaged
with light-sheet microscopy. Imaris software was utilized to
reconstruct and analyze the 3D distribution of NMJs in intact
skeletal muscle.
Figures 2(b) and 2(c) illustrate the distinctive 3D distribution

features of the NMJs (α-BTX) and innervating nerves (YFP) in
the EDL and FDP muscles. The distribution of NMJs within the
FDPmuscle reveals complexity, with bifurcated regions display-
ing different shapes: an inverted “V” shape in the upper region
and a “spindle-shaped” structure in the lower. In the EDL
muscle, NMJs are concentrated in the center, leading to a
feather-like distribution. Subsequently, a detailed analysis of
the NMJ number at each time point after stroke was performed.
As shown in Figs. 2(d) and 2(e), there were no significant
differences in the number of NMJs between each group. The
number of NMJs showed no change at different time points.
Thereafter, both 30 s and 5 min irradiation-induced strokes
impart negligible effect on the numerical status of NMJs in
the skeletal muscle.

3.3. Changes in the fine structure of NMJs after unilateral
stroke

We focused on the fine structural changes of individual NMJs in
different muscles by a combination of tissue clearing and con-
focal microscopy. As demonstrated in Fig. 3(a), a healthy NMJ
(sham group) appears as a complete structure similar to a pret-
zel. In the PT-5 min group, although the NMJs maintained their
pretzel-like shape after a stroke, they disintegrated into smaller
fragments and spread out to the surrounding area.
Furthermore, the morphological features of the fine structure

of the NMJs at different time points following the stroke were
further quantitatively analyzed. For the extent of NMJ fragmen-
tation, the NMJs in the sham group were primarily made up of
either one or two fragments and remained steady for 6 months
[Figs. 3(b) and 3(c)]. In the PT-30 s group, the number of frag-
ments was not significantly different compared to the sham
group [Fig. 3(c)]. And in the PT-5 min group, the number of
fragments was significantly greater compared to the sham
group, which shows that the degree of NMJ fragmentation
increased gradually over time following the stroke.
The area changes of NMJs at different time points after the

stroke are shown in Figs. 3(d) and 3(e). In the sham group,
the area of the healthy NMJ increased with age progression.
In the PT-30 s group, the NMJ area was not significantly differ-
ent compared to the sham group. For the PT-5 min group, the
area of NMJ in both muscles at 3 months after stroke was larger
than the sham group’s NMJ area, but at a six-month stroke sur-
vival period, there was an insignificant difference in the NMJ
area across the entire group, suggesting a potential recovery
or compensatory physiological mechanism.
Finally, we analyzed the proportion of NMJs with different

levels of fragmentation after stroke. The results [Figs. 3(f) and
3(g)] showed that, in the sham and PT-30 s groups, more than

Fig. 2. 3D visualization and quantification of NMJs in different muscles after
unilateral stroke. (a) Experimental pipeline for 3D visualization of NMJs and
innervating nerves in skeletal muscles. (b), (c) 3D reconstructions of NMJs
and innervating nerves in FDP and EDL; the images in the first row are
enlarged and present in the second row. (d), (e) Quantification of NMJ num-
bers at each time point after stroke in different groups (n= 3 for each muscle
at each time point); all values are presented as the mean ± SEM; statistical
significance in (d) and (e) (n.s. represents not significant).
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70% of NMJs can remain in a normal state (fragmented number
≤ 2). And in the PT-5 min group, the proportion of fragmented
NMJs (fragmented number > 2) increases gradually following
stroke, reaching almost 50% at 6 months after stroke.
The above results suggested that the PT-30 s stroke had no

notable impact onNMJ structure, while the PT-5min stroke dis-
rupted the morphological structure of the NMJ, causing frag-
mentation and an increase in the NMJ area.

3.4. Changes in 3D distribution and fine structure of the
NMJs after bilateral stroke

We established a bilateral stroke model (biPT-5 min group) that
inhibits contralateral compensatory repair of the lesion and
investigated the effects on NMJ structure after more severe
injury. Mice were irradiated for 5 min after rose bengal injection
to induce ischemic stroke in the right motor cortex [Fig. 4(a)].
Then, 14 days after the first stroke, a second stroke was induced
in the left motor cortex. Rotarod and grid-walking tests (right
limb only) were used to determine the effect of bilateral stroke
on motor function at different time points.
The mice performed significantly worse in the rotarod

test after the second stroke compared to the first stroke
[Fig. 4(b)], indicating that bilateral stroke significantly impairs
limb coordination. For the grid-walking test, the first stroke had
little effect on the motor function of the right limb, with pro-
nounced impairment only after the second stroke [Fig. 4(c)].

There was no significant difference observed between unilateral
and bilateral strokes at most of the time points during the grid-
walking test [Figs. 1(f) and 4(c)].
Then 3D distributions and numbers of NMJs in FDP and EDL

following bilateral stroke were investigated. Taking the FDP
muscle as an example, the distribution of NMJs and nerve
branches within the FDP muscle throughout the time points

Fig. 3. Quantification of fine structural features of NMJs after unilateral
stroke. (a) Comparison of the fine structure of NMJ in muscle after stroke,
where the arrows point to the fragments; (b), (c) quantification of the number
of fragments of NMJs at each time point after stroke in different groups in FDP
and EDL muscles; (d), (e) quantification of NMJ area after stroke in different
groups in FDP and EDL muscles; (f), (g) proportion of NMJs with different levels
of fragmentation in FDP and EDL muscles after stroke; in FDP and EDL
muscles, 562 and 635 NMJs were analyzed, respectively. “≤2” indicates the
number of NMJ fragments is less than or equal to 2, representing “normal
state;” “>2” indicates the number of NMJ fragments is greater than 2, repre-
senting “fragmentation.” All values are presented as the mean ± SEM; n = 3
for each muscle at each time point; statistical significance in (b)–(e) (n.s. rep-
resents not significant, *P < 0.1 and **P < 0.01).

Fig. 4. 3D visualization and quantification of NMJs in different muscles after
bilateral stroke. (a) Schematic diagram of the bilateral stroke model; (b),
(c) scores for rotarod and grid walking at each time point (n = 4 at each time
point); (d) 3D distributions of NMJs and innervating nerves in FDP muscles at
different times; (e), (f) quantification of NMJ numbers in FDP and EDL muscles
at each time point (n = 3 for each muscle at each time point); (g) fine struc-
ture of NMJs after bilateral stroke, where the arrows point to the fragments;
(h), (i) quantification of the number of NMJ fragments in FDP and EDL muscles;
(j), (k) quantification of the NMJ area in FDP and EDL muscles (n = 3 for each
muscle at each time point); (l), (m) proportion of NMJs with different levels of
fragmentation in FDP and EDL muscles after bilateral stroke; in the unilateral
group, 190 and 218 NMJs in FDP and EDL muscles were analyzed; in the bilateral
group, 175 and 158 NMJs in FDP and EDL muscles were analyzed. “≤2” indicates
the number of NMJ fragments is less than or equal to 2, representing “normal
state;” “>2” indicates the number of NMJ fragments is greater than 2, repre-
senting “fragmentation.” All values are presented as the mean ± SEM; statis-
tical significance in (b), (c), (e), (f), and (h)–(k) (n.s. represents not significant).
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following bilateral stroke displayed a consistent 3D pattern
[Fig. 4(d)]. Quantitative results of NMJ numbers in the FDP
and EDL muscles revealed no significant difference between
time points. Furthermore, no significant difference in NMJ
numbers was observed between bilateral and unilateral strokes
at the same time point [Figs. 4(e) and 4(f)]. These results indicate
that inhibiting the contralateral compensation did not signifi-
cantly alter the distribution or number of NMJs in skeletal
muscle.
We investigated the fine structural alterations in NMJs at each

time point following the bilateral stroke [Fig. 4(g)]. Figures 4(h)
and 4(i) illustrate that there was no significant difference in the
number of fragments between the biPT-5 min and PT-5 min
groups at different time points. Additionally, the NMJ area in
the muscle increased gradually after the bilateral stroke, but this
change was not significant when compared to the unilateral
stroke group [Figs. 4(j) and 4(k)].
Finally, we analyzed the proportions of NMJs with different

levels of fragmentation after the bilateral stroke and compared
them with those of the unilateral stroke. The results [Figs. 4(l)
and 4(m)] showed that there is a similar level of the proportions
of fragmented NMJs between the unilateral and bilateral groups.
Based on the above results, it can be concluded that more

severe stroke through inhibition of contralateral compensation
does not exacerbate the effect on the NMJ structure.

4. Discussion

Numerous animal models have been established to induce ische-
mic stroke[25,26], such as the middle cerebral artery occlusion
(MCAo), craniotomy, photothrombosis, embolic stroke, and
endothelin-1models. Eachmethod has its advantages when cop-
ing with various experimental conditions. Out of these, the pho-
tothrombotic model exhibits a lower mortality rate and higher
targeting efficiency, which are vital parameters for the precise
induction of motor cortex ischemic stroke. However, because
of the skull’s high absorption and scattering, the photothrom-
botic model is typically combined with an open-skull window,
thinned skull window, or optical clearing skull window[27,28].
Among these methods, the optical clearing skull window pre-
serves the prestroke brain environment most effectively[22,23].
Through clearing processing, skull scattering and absorption
can be considerably reduced[29], rendering the photothrombotic
stroke model controllable and targetable. Therefore, in this
study, we employed tissue-clearing-assisted photothrombotic
techniques to induce ischemic stroke in the motor cortex.
Previous work has primarily examined CNS changes after

ischemic stroke[11,30,31], while the structural information of
NMJs after ischemic stroke was still obtained using two-dimen-
sional slices due to the limitations of traditional histological
methods[12-14,32]. As a result, it is uncertain whether stroke
affects the 3D distribution characteristics of NMJs, which are
widely distributed throughout skeletal muscle. This study iden-
tifies a reduced motor function in mice following a motor cortex
stroke, yet these mice maintain regular activities. Interestingly,

NMJ spatial distribution characteristics remain unchanged, pos-
sibly due to multi-level neuronal compensatory mechanisms
that may slow down the stroke-induced injury to the mouse
motor cortex and NMJs.
Another finding observed in this study is that stroke signifi-

cantly alters NMJ morphology, fragmenting and broadening its
postsynaptic footprint and losing its pretzel-like pattern. In the
PT-5 min group, the NMJ area increased significantly from 1 to
3 months compared to the sham group, but there was no signifi-
cant difference compared to the sham group at 6 months after
stroke. This phenomenon may be attributed to the fact that, on
one hand, in the sham group, the NMJ area increased consis-
tently from 1 to 6 months, resulting in the disappearance of
the difference between the PT-5 min group and the sham group
in 6 months. On the other hand, the severity of NMJ fragmen-
tation caused by the stroke gradually decreased during sub-
sequent development, leading to a decline in the NMJ area in
the 6 months.
We investigated alterations in the NMJ structure following

bilateral stroke, which means the inhibition of the contralateral
compensation. The findings showed no noteworthy differences
in the distribution and NMJ number relative to unilateral stroke.
Thus, it could be hypothesized that following unilateral stroke,
the ability of contralateral compensation to maintain the NMJ
structure is restricted. Moreover, in addition to contralateral
compensation, there exist other compensations after stroke,
such as axonal sprouting of neurons in cortical regions unaf-
fected by stroke[33], axonal sprouting of motor neurons in the
brainstem[34], and neuronal compensation in the spinal cord[6].
These compensatory effects within the CNS decelerate the
impact on the 3D structural features of NMJs in distal joints.
Moreover, apart from CNS neurological compensation after a
stroke, NMJs are not “static” postmaturation and dynamically
regulate patterns of motor neuron control[35], thus dampening
the changes in NMJs caused by a stroke. The plasticity and sta-
bility of the NMJ are regulated by various proteins, including
agrin/low-density lipoprotein receptor-related protein 4
(LRP4)/muscle-specific kinase (MuSK) signalling axis, down-
stream targets docking protein 7 (Dok7), and 43 kDa recep-
tor-associated protein of the synapse (rapsyn). In addition,
terminal Schwann cells (TSCs) also play an important role in
synaptogenesis and NMJ regeneration. Thus, future research
could investigate NMJ structure after stroke with a combination
of NMJ proteinmarkers and TSCs to provide references for NMJ
pathology and treatment.
In conclusion, we induced an ischemic stroke in mice using

photothrombosis and skull optical clearing techniques. Then
we used a combination of tissue clearing and optical imaging
to examine the 3D distribution and fine structure of NMJs in
intact skeletal muscle after stroke. The results indicate that
the stroke did not affect the 3D distribution characteristics of
NMJs, while severe unilateral stroke resulted in fragmentation
and area enlargement of NMJs. Compared to unilateral stroke,
the NMJ structure was not further exacerbated by bilateral
stroke, although it caused more severe trauma by inhibiting
contralateral compensation and further reducing motor
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coordination. These results provide structural data on NMJs
after stroke from a 3D perspective and advance the basic under-
standing of the role of NMJ structure in poststroke.
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