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ABSTRACT 
 

Introduction: Amyotrophic lateral sclerosis (ALS) is a fatal neurodegenerative disease that can 
cause motor neuron degeneration in the spinal cord and motor cortex. Although most cases of ALS 
are sporadic, copper-zinc superoxide dismutase-1 (SOD1) mutations are responsible for 10%-20% 
of familial ALS. 
Objective: Studying neuromuscular junctions in various age groups to see how they vary in 
structure. 
Methods:  From male hemizygous carriers (B6SJL-Tg (SOD1-G93A) 1Gur/J) and female 
B6SJL/F1 hybrids, female G93ASOD1 transgenic mice and age-matched wild-type (WT littermate 
partners, both were purchased from Jackson) laboratory. The animals were kept in an environment 
with controlled humidity and temperature, and 12:12h light was performed in a dark schedule, and 
sterile rodent food and sterile food were provided without specific pathogens. 
Results:  WT and SOD1 are present in 40, 60, 90, 120 days of mice Inside the Tibialis anterior of 
G93ASOD1 mice (TA) and gastrocnemius (GN) construction. The neurofilament heavy polypeptide 
(tubulin, green) points to the presynaptic end. α-Bungarotoxins (BTX, white) mark the postsynaptic 
space, and synaptophysin (p38-1, red) is used for synaptic vesicles. In the following research we 
demonstrate that in 40 days of mice WT and SOD1 neither of them degraded while in 60 days of 
mice a slight denaturation occur in WT and SOD1 Further in 90 days of mice the degeneration is 
not serious about 60% to 70%. Furthermore, the deterioration in mice after 90 days is only 60-70 
percent significant. 
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Conclusion: NMJ inervation has appeared Disappearance, loss of motor axons, and huge 
structural damage to the NMJ at 60 and 90 days. Structural changes in presynaptic and 
postsynaptic structures and a gradual decrease in synaptic vesicles observe. 
 

 
Keywords: Amyotrophic lateral sclerosis; neuromuscular junction; synapse; SOD1. 

 
1. INTRODUCTION  

 
“Amyotrophic lateral sclerosis (ALS) is a 
neurodegenerative disease characterized by the 
degeneration of motor neurons in the brain and 
spinal cord, as well as rapidly progressive 
muscular atrophy, weakness, and paralysis. 
Although most ALS cases are sporadic, 
approximately 10% are familial. Mutations in the 
gene that encodes for the superoxide dismutase 
1 (SOD1) account for almost 20% of familial ALS 
and 5% sporadic ALS cases” [1,2]. “To date, the 
exact etiology of ALS remains unclear, and no 
therapy substantially improves patient outcomes. 
ALS clinically begins with local muscle weakness 
and gradually spreads to all the voluntary 
muscles. Typical muscle pathology includes 
denervated atrophy, as well as myopathic 
features” [3], muscle fibrosis, and inflammation 
[4,5]. “Skeletal muscle roughly accounts for 40% 
of the body lean mass, thereby effective 
mechanisms for recycling damaged or aged 
organelles and protein aggregates and 
endurance for meeting physical demands are 
required by this specific muscle group” [6]. 
“Proper autophagic flux is vital for maintaining 
skeletal muscle functions, including metabolism 
and movement. But impairment of autophagic 
flux likely results in muscle atrophy and 
degeneration through inflammation, oxidative 
stress, and abnormal mitochondrial degradation”

 

[7-14]. “Functional motor recovery after 
peripheral nerve injury depends on two key 
factors: (1) nerve regeneration at the injury site; 
and (2) NMJ re-innervations within target muscle. 
The NMJ represents the interface of nerve and 
muscle and is composed of three main 
structures: the nerve terminal, which contains 
acetylcholine (ACh) vesicles to be released 
across the synaptic cleft; the motor endplate 
covered in acetyl- choline receptors (AChRs); 
and 3 to 5 nonmyelinating terminal Schwann 
cells (tSCs), or per synaptic Schwann cells, that 
encase the nerve terminal and synapse”.[15-17]

 

“
The NMJ is not a static structure as it undergoes 
continuous remodeling throughout the lifetime of 
the animal and after injury”.[16,17] “Whereas 
nerve regeneration at the injury site has been the 
primary subject of many investigations, the 
process of NMJ re innervations after nerve injury 

is still incompletely characterized”.[18,19].”Loss 
of NMJ is considered the first pathophysiological 
event in ALS and occurs from loss of the motor 
neuron axon resulting in loss of the post-synaptic 
apparatus” [20]. “mSOD1 models have revealed 
a number of presymptomatic changes, including 
vulnerability to environmental stresses such as 
hypoxia during the presymptomatic period” [21]. 
“Such environmental triggers have been 
demonstrated to act in multiple neuronal 
compartments, including the NMJ” [21]. “Murine 
models for peripheral motor neuropathy, bax 
deletion and mSOD1G93A have also indicated 
that the triggering and regulation of degeneration 
in ALS occurs in a compartmented manner, with 
prevention of somal degeneration rarely 
extending to protection of the distal axon or 
improvement in clinical outcomes” [22-24]. “Thus, 
degeneration of the distal components is a key 
process in ALS. However, the sequence of 
changes is not fully known. Furthermore, 
understanding the post-synaptic changes will 
help determine the role of muscle versus motor 
neuron in the mechanisms of degeneration of the 
NMJ” [25]. 
 

2. MATERIAL AND METHODS  
 
From male hemizygous carriers (B6SJL-Tg 
(SOD1-G93A) 1Gur/J) and female B6SJL/F1 
hybrids, female G93ASOD1 transgenic mice and 
age-matched wild-type (WT littermate partners, 
both are purchased From Jackson) laboratory. 
The animals are kept in an environment with 
controlled humidity and temperature, 12:12h light 
is performed in a dark schedule, and sterile 
rodent food and sterile food are provided without 
specific pathogenesis. 
 

2.1 Muscle Harvest 
 
At the allocated time-point (t = 40, 60, 90,120 
days of the age), animals were anesthetized, and  
an - cut was made preposterous right leg 
reaching out from the dorsal foot to the knee. 
After recognizable proof, the distal ligament of 
the Tibialis anterior lis foremost (TA) and 
Gastrocnemius (GS) muscles was cut across. 
The TA and GS were then painstakingly taking 
apart proximally to abstain from tearing where 
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the part of the perennial nerve embeds. After 
analyzation, the TA and GS muscles were taken 
out any trash or hair and promptly positioned on 
the gum Tragacanth(GT),then plunged for 10 to 
15 seconds in the chilly 2-methylbutane(cold by 
fluid nitrogen). keep TA and GS muscles in the - 
20c. Animals went through cervical separation 
under profound sedation. All animal experiments 
were carried out in accordance with the 
guidelines for the Management of experimental 
animals formulated by the Ministry of Science 
and Technology of the People’s Republic of 
China and the internationally accepted  
guidelines issued by The National Institute of 
health. 
 
Total RNA was extracted with Trizol and retro-
transcribed using the Taqman reverse 
transcription kit (Servicebio; Cat.No: G3013) 
according to the manufacturer’s protocol. qRT 
PCR was performed using SYBR Green Master 
mix (ABI Cat. No: Stepone plus) following the 
manufacturer’s instructions. Relative expression 
values were normalised to the housekeeping 
gene GAPDH. Primer sequences are listed  in 
the table below. 
 
Ultrathin sections (10um) of all preparations were 
cut using a Leica Ultracet R microtome (Leica 
Microsystem, Austria) with a Diatom diamond 
knife (Diatomite. CH-2501 Biel, Switzerland) 
Serial transverse cryosections (10 μM) were 
fixed on glass slides (adhesion microscope 
slides) . Tissue were rinsed 3 x 10 minutes in 
PBS and permeabilized using 0.3% Triton-X-100 
diluent  for 15 minutes (Sigma -Alorich) with 
Tween (membrane antibodies do not require this 
step). Added 50ul the dunky serum for 50 
minutes (as protocol). Primary antibodies were 
added at pre- determined concentrations and 
incubated at room temperature for 1 hour 
followed by overnight at 4C; tissue was rinsed 3 
x 10 minutes in PBS and put the secondary 
antibodies. Secondary antibodies were incubated 
for 2 hours at room temperature in the dark. 
Immediately following secondary antibody 
removal, tissue were counterstained using DAPI 
(4’,6-Diamidino-2- Pheylindole).The following 
antibodies were used:Synaptophysin-1 (P-38 
1:500 , cat.no;101022,poly clonal rabbit antibody, 

37079 Göttingen Germany); Alpha 
Tubulin(tubulin 1:500, cat. no; 66031-1-ig,mouse 
monoclonal antibody, proteintech); α- 
Bungarotoxin(α-BTX 1:500,CF dye conjugates); 
goat anti-rabbit Alexa Fluor 488 (1:1000; Thermo 
Fisher; Cat. No: A- 11034); or goat anti-mouse 
Alexa Fluor 594 (1:1000; Thermo Fisher; Cat. 
No: A-11037). The nuclei were counterstained 
with DAPI Fluoromount-G (Southern Biotech). 
The slides were observed using a fluorescence 
conofocal microscope (Olympus FV1000). The 
experimental setup includes the laser power 
value, HV, gain, and offset parameters for each 
channel, which are determined at the beginning 
of each individual imaging process (by evaluating 
the background reactivity and saturation level of 
each channel) and remain constant throughout 
the imaging process. The colocalisation channel 
was produced for each Z-stack and was 
quantified in Olivia based on the overlap. The 
percentage of positive cells was shown by the 
ratio of positive cells to DAPI at selecting five × 
20 magnification fluorescence fields. The 
percentage of fibrosis area was accounted at five 
× 20 magnification fluorescence images. The 
experiments were repeated three times with 6 
mice in each group. The Image-Pro plus 5.1 
software was used to analyses the fluorescence 
quantification. 
 

3. RESULTS 
 

The results show that both WT and SOD1 are 
present in 40-day-old mice. Inside the Tibialis 
anterior of G93ASOD1 mice (TA) and 
gastrocnemius (GN) construction. The picture 
(below) shows the number of neuromuscular 
junctions (NMJ) in various gatherings. The 
neurofilament heavy polypeptide (tubulin, green) 
points to the presynaptic end. Α-Bungarotoxins 
(BTX, white) mark the postsynaptic space, and 
synaptophysin (p38-1, red) is used for synaptic 
vesicles. The following results show that neither 
of them has degraded and is 90% complete while 
in 60 days mice the results showed that is WT 
and SOD1, the denaturation is about 70% to           
80% which means that a slight denaturation has 
occurred on the other hand in 90 days of mice 
the degeneration is not serious is about 60% to 
80%. 

 

Gene symbol Forward primer Reverse primer 

YH1 TTCAAGTTTGGACCCACGGT TTCTGAGCCTCGATTCGCTC 
MYH2 TTTGCCAGTAAGGGTCTGTGAG GCTCCGCCACAAAGACAGAT 
MYH4 AAGCCTGCCTCCTTCTTCATC CTTAGCATCCACCACAAACAC 
MYH7 CCCAGAAACAAGTGAAGAGCCT GTTCCACGATGGCGATGTTC 
GAPDH CCTCGTCCCGTAGACAAAATG TGAGGTCAATGAAGGGGTCGT 



 
 
 
 

Ghani et al.; JPRI, 34(44A): 75-83, 2022; Article no.JPRI.89039 
 
 

 
78 

 

 
 

Fig. 1. 40-day-old mice have the WT and SOD1 genes. The gastrocnemius (GN) and Tibialis 
anterior (TA) of G93ASOD1 mice were constructed. The number of neuromuscular junctions 

(NMJ) in distinct groups is shown in the image (above). Presynaptic terminus is shown by the 
neurofilament heavy polypeptide (tubulin, green). BTX (white) and synaptophysin (p38-1, red) 

identify the postsynaptic space and synaptic vesicles, respectively 
 

 
 

Fig. 2. 60-day-old mice have the WT and SOD1 genes. The gastrocnemius (GN) and Tibialis 
anterior (TA) of G93ASOD1 mice were constructed. The number of neuromuscular junctions 

(NMJ) in distinct groups is shown in the image (above). Presynaptic terminus is shown by the 
neurofilament heavy polypeptide (tubulin, green). BTX (white) and synaptophysin (p38-1, red) 

identify the postsynaptic space and synaptic vesicles, respectively 
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Fig. 3. Mouse strains that are 90 days old have both WT and SOD1. The gastrocnemius (GN) 
and Tibialis anterior (TA) of G93ASOD1 mice were constructed. The number of neuromuscular 

junctions (NMJ) in distinct groups is shown in the image (above). Presynaptic terminus is 
shown by the neurofilament heavy polypeptide (tubulin, green). BTX (white) and 

synaptophysin (p38-1, red) identify the postsynaptic space and synaptic vesicles, respectively 
 

 
 

Fig. 4. WT and SOD1 are found in mice that are 120 days old. The gastrocnemius (GN) and 
Tibialis anterior (TA) of G93ASOD1 mice were constructed. The number of neuromuscular 
junctions (NMJ) in distinct groups is shown in the image (above). Presynaptic terminus is 

shown by the neurofilament heavy polypeptide (tubulin, green). BTX (white) and 
synaptophysin (p38-1, red) identify the postsynaptic space and synaptic vesicles, respectively 
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4. DISCUSSION 
 
 In this study, after observing the structural 
characteristics of the neuromuscular junction in 
WT and SOD1 mice at 40, 60, 90 and 120 days, 
we concluded that at 40 days, NMJ innervation 
has appeared Disappearance, loss of motor 
axons, and huge structural damage to the NMJ 
at 60 and 90 days. Based on our data, we 
observed structural changes in presynaptic and 
postsynaptic structures and a gradual decrease 
in synaptic vesicles. In this study, we have 
identified the basic molecular events of these 
systemic changes and provided experimental 
evidence for their feasibility as a drug target. The 
develop fiber sorts of mammalian skeletal 
muscles can be separated into two kinds: type 1 
(moderate jerk) and type 2 strands (quick jerk). 
Type 2 strands can be additionally separated into 
type 2A (quick oxidative), type 2B (quick 
glycolytic), and type 2X (middle glycolytic) [26], 
which are encoded by MYH7 as a sluggish MYH 
quality and MYH1, MYH2, and MYH4 as quick 
MYH qualities [27]. Recovering muscles at first 
express undeveloped MyHCs, however before 
long begin to communicate grown-up quick 
MyHCs [28]. The change from early stage to 
grown-up quick myosins is free of innervations, 
while the progress from grown-up quick myosin 
to moderate myosin requires the contribution of 
the sluggish nerves [63].The quick to-moderate 
change in the fiber type has been accounted for 
beforehand in ALS mice [29,30]. The sort 
progress towards quick or moderate fiber joined 
by re-innervations of recovering muscle was as 
yet questionable [31], albeit late proof had shown 
that the quick to-moderate shift might be an 
aftereffect of re innervations [32,33].There is now 
growing consensus in the field that motor 
neurons are not the only primary target of SOD1, 
and increasing evidence indicates an 
involvement of NMJ destruction in aging-
associated sarcopenia and in the pathogenesis 
and progression of neuromuscular diseases, 
including ALS [34,35,36,] However, controversy 
exists over whether NMJ dismantlement is a 
pathogenic event directly associated with the 
primary defects occurring in motor neurons or 
whether it occurs independently from motor 
neuron degeneration. To address this question, 
we made use of SOD1G93A mice (7) which 
represent an ideal model to separate the 
ubiquitous toxic effects of mutant SOD1G93A (10) 
with that of tissue-specific effects. In fact, the 
animal model that expresses the toxic mutant 
protein ubiquitously in all tissues, could not rule 
out which cell type, namely motor neurons or 

muscle fibers, might initiate NMJ as 
consequence of oxidative damage caused by the 
toxic effect of SOD1. Despite numerous studies 
on motor neuron dysfunction in ALS, it is still 
debated whether motor neuron impairment in 
ALS has to be considered a dying forward 
phenomenon, in which primary damages occur in 
motor neurons in the cortex (i.e., through 
glutamate excitotoxicity or altered neuronal 
excitability) and then extend in an anterograde 
fashion to corticospinal projections or if ALS has 
to be considered a distal axonopathy in which 
motor neuron degeneration starts at the nerve 
endings and progress toward the cell bodies in a 
dying back manner[37,38] Given the complexity 
of ALS pathogenesis it is reasonable to consider 
that both dying forward and dying back 
processes can occur independently from each 
other and, regardless of the progression mode, it 
is acknowledged that disassembly of the NMJ, 
leading to skeletal muscle denervation, is a key 
point in ALS clinical symptoms onset and 
pathogenesis. The notion of ALS as a non-cell 
autonomous disease is based on the observation 
that, besides motor neurons, other cell types are 
damaged and display altered behavior both in 
patients and in vitro/in vivo models of ALS. 
Moreover, in the past fifteen years, this was 
shown by expressing ALS-linked mutant proteins 
in a tissue or in a cell-specific manner[39]

 
While it 

is generally accepted that expression of ALS-
linked mutated proteins in motor neuroses 
needed to induce an ALS phenotype in mouse 
models, it is still debated whether this is a 
sufficient condition. Initial studies on mice 
showed that neuron specific mutant SOD1 
expression was not sufficient for the 
development of the disease

 
[40,41]. This 

observation was confirmed by the generation of 
chimerical mice where it was shown that, in the 
absence of mutant SOD1 expression in non- 
neuronal cells, mutant SOD1 in neurons was not 
toxic in itself. On the other hand, a few years 
later it was reported that limited expression of 
mutant SOD1 in neurons was enough to induce 
an ALS phenotype in mice [34]. The reasons of 
this difference might be related to different 
expression levels of the transgenic in the 
different models. Overall, these studies define a 
scenario in which, in animal models, the 
expression of mutant SOD1 in neurons is crucial 
to determine the onset of the disease and the 
early phases of pathogenesis, whereas 
expression in non-neuronal cells is relevant to 
modulate ALS progression. When analyzing NMJ 
disassembly in ALS it is necessary to consider 
the specific role played by the three components 
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of the tripartite synapse in the series of events 
that culminate in muscle fiber denervation. 
Despite the wealth of data describing motor 
neuron degeneration during ALS pathogenesis, 
quite few studies addressed the changes 
occurring at the motor nerve endings at the NMJ. 

 
5. CONCLUSION 
 
In this study, after observing the structural 
characteristics of the neuromuscular junction of 
WT and SOD1 mice at 40, 60, 90 and 120 days, 
we concluded that at 40 days, the innervation of 
NMJ has disappeared. Loss of motor axons, 
NMJ huge structural damage occurred at 60 
days and 90 days. Based on our data, we 
observed structural changes in presynaptic and 
postsynaptic structures and a gradual decrease 
in synaptic vesicles. In this study, we found that 
the delivery of neuromuscular junctions in ALS 
model mice SOD1-G93A has undergone basic 
structural changes. We have identified the basic 
molecular events of these systemic changes and 
provided experimental evidence for their 
feasibility as a drug target. 
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