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Introduction: little information is available regarding how to manipulate cerebral
Necroptosis, which is common in Alzheimer's Disease (AD), with physical training along
with cognitive challenges.

Methods: Twenty-four male Wistar rats (4-6 weeks old) were randomly divided into
three groups including Control-Healthy (C-H), Control-Alzheimer (C-ALZ), and
Complex Training-Alzheimer (CWheel-ALZ). After AD induction by Streptozotocin
(STZ) injection into the brain ventricle and confirming the disease with the shuttle box
test, CWheel-ALZ training conducted for 12 weeks (by removal of 16 out of 38 metal
floor rods which can be embedded in the spinning wheel, different distances in a random
pattern were created). The time to exhaustion was measured using a treadmill and spatial
memory functions were assessed by the Morris Water Maze test. After rats’ euthanasia,
the hippocampal CALl pyramidal cell layer thickness and neuronal density were
investigated by histochemical study, and necroptosis-related hippocampal genes'
expression was evaluated by PCR method. Data were compared using One-way Analysis
of Variance and Tukey's post hoc test.

Results: Inthe Complex Training-Alzheimer's group, despite observing the improvement
process in all the variables (observing a significant difference in all the variables in this
group compared with the control-Alzheimer's group), a significant difference was still
presented compared with the control-healthy group (P<0.05).

Conclusion: Alzheimer's induction increases the probability of inflammation and
necroptosis in the hippocampus and decreases the cognitive and physical function of rats,
and complex voluntary training, despite having significant modifying effects, is not able
to completely suppress these adverse effects of Alzheimer's disease. However, due to the
lack of evidence and the existence of research limitations, there is still a need for further
investigations.
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Extended Abstract

Introduction

Alzheimer’s Disease (AD) is characterized by a marked
neuronal cell death with uncertainty as to the
mechanisms of neuronal loss. Therefore, understanding
the basic molecular mechanisms underlying the
neurodegenerative process will be invaluable to the
development of new therapeutic approaches. Classically,
cell death has been classified into two main groups
including apoptosis and necrosis. Apoptosis is a
programmed form of cell death, whereas necrosis is an
uncontrolled lysis of the cell. More recently, there has
been a growing appreciation for necroptosis, a
programmed form of necrosis. Necroptosis is mainly
characterized by mimicking features of both necrosis and
apoptosis. There are three key proteins involved in the
execution of necroptosis: RIPK1, RIPK3, and MLKL.
However, little information still is available regarding
whether or not cerebral necroptosis could be manipulated
by synergic physical training along with cognitive
challenges.

Methods

Twenty-four male Wistar rats (age: 4-6 weeks old) were
randomly divided into three groups including Control-
Healthy (C-H), Control-Alzheimer (C-ALZ), and
Complex Training-Alzheimer (CWheel-ALZ). After AD
induction by Streptozotocin (STZ) injection into the
brain ventricle and confirming the disease with the
shuttle box test, CWheel-ALZ training conducted for 12
weeks (by removal of 16 out of 38 metal floor rods which
can be embedded in the spinning wheel, different
distances in a random pattern were created). The time to
exhaustion was measured using a treadmill and spatial
memory functions were assessed by the Morris Water
Maze test. After rats’ euthanasia, the hippocampal CAl
pyramidal cell layer thickness and neuronal density were
investigated by histochemical study, and necroptosis-
related hippocampal genes' expression was evaluated by
RT-PCR method. Data were compared using One-way
Analysis of Variance and Tukey's post hoc test.

Results

Expression levels of hippocampal RIPK1, MLKL, and
TNFR1 genes as well as duration of spatial memory task
function and time to exhaustion were higher in C-ALZ
compared to C-H, while neuronal density and pyramidal
CAL cell layer thickness were lower (P<0.05). Despite
restoration of all the measured variables in CWheel-ALZ
rats (significant differences were observed compared to
the C-ALZ group regarded all the variables), remarkable
differences compared with H-C were still presented in
post-intervention (P<0.05).
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Conclusion

AD elevates the likelihood of hippocampal
inflammation and necroptosis along with both physical
and mental performances. Previous evidence highlighted
the contribution of necroptosis in the development and
pathogenesis of AD. Necroptosis is positively linked to
neuroinflammation and can be activated via the
stimulation of certain death receptors including TNFR1
with its respective agonist TNFo. This TNFo/TNFRI1
interaction, under  certain  conditions,  causes
phosphorylation of RIPK1. Accordingly, p-RIPK1
induces RIPK3 phosphorylation which in turn
phosphorylates MLKL causing its oligomerization which
migrates to the plasma membrane and destabilizes it
causing cell lysis and necroptotic cell death.

Moreover, necroptosis not only occurs in Alzheimer’s
disease but also may play a crucial role due to several
factors. Hyperglycemia activates the switch  from
apoptosis to necroptosis, and Alzheimer’s disease is
considered “diabetes type-3.” Second, reactive oxygen
species are produced in excess during necroptosis, and
affect the production of amyloid betain AD.
Inflammation, a key consequence of necroptosis, also
increases neurodegeneration and contributes to the
overproduction of amyloid beta. These connections lend
themselves to the ‘starving brain’ theory of AD, and
insulin resistance exacerbates the role of necroptosis in
the development of AD. Necroptosis may have a vicious
cycle effect in AD due to various factors, and it is a key
therapeutic target in AD that should be further examined.
However, based on the results from this study, Complex
wheel running fails to fully mitigate the adverse effects
of AD, despite providing some appreciable amendments.
Some studies showed that voluntary wheel running and
treadmill running might differentially affect brain and
behavior.

It is worth noting that exercise is crucial for preventing
AD, although the exact underlying mechanism remains
unclear. The findings of the current study suggest that
although voluntary running on a complex wheel provides
a protective effect against cognitive declines by reducing
the severity of AD neuropathology, especially via
manipulation of hippocampal necroptosis, however, this
effect is not sufficient to fully overcome AD hazards.
Therefore, more research is still warranted, because of
study limitations and lack of similar evidence done in this
area.
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Table 1. Between-group comparison of the variables

Variable CWheel-ALZ C-ALZz H-C
111.78 £11.83 N
Escape latency 4p=0.029 7511
(The time (in seconds) to find the platform) fprr WP=r/oe) 97.25+7.97
0.034 £ 0.0038 ST
i i .029 +0.
CAl Pyramldal(ﬁqer:i)layer thickness wP=+/+ 0\ e 0.056/20.0066
tp=/1+4 NS
84.95 + 9.69 T
i .7 £6.
CAl n(enljra;\rllzd)ensﬂy wP=+/+ A e 10088 +11.74
3 Tp=/:-f
28233 o130+ 369
Time to Exhaustion (s) #Pp=10 NS *p:; " 49.21 +4.96
Tp==m+ NS
1.44 £0.35
Hippocampal RIPK1 expression level AP=r/o o F 1.79£0.26 100 + 0,096
(Fold change) wP=+/+ 0\ 00£0.
Tp=1/vA
1.66 +0.15
Hippocampal MLKL expression level W=/ 219+033 100+0.12
(Fold change) w=+/+ ) 00 +0.
tp=/o0
1.64 £0.17 o S 0E
Hippocampal TNFR1 expression level #P=+ /00N 81 £0.
(Fold change) fprn HP=r/on) 1.00+0.14

=and T: respectively indicate the comparisons with C-H and C-ALZ groups.
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