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Abstract

Alzheimer’s disease (AD), a complex, heterogenous, and progressive form of neurodegenerative dementia. It is anticipated that the prevalence
of AD is rising in the aging population. Therefore, we need to identify new potential biomarkers, that will help diagnose AD in its early stages.
However, in adult neural tissues Sonic hedgehog (Shh) signaling pathway has emerged as an important modulator through different processes.
Hence, the clinical application of Shh in various neurodegenerative diseases including AD remains unclear. Thus, we aim to know how Shh-Glil
cell signaling pathway plays a potential role in AD rats and also determines potential interactions with p53 for AD development. Our results
showed that rats from AlCI3 and STZ-induced AD models showed similar anxiogenic behavior. Also, rats from AICI3 and STZ-induced AD models
showed cognitive impairment and altered memory and learning patterns as compared to the control group. Thereafter, gene expression assay
showed significant up-regulation of Shh and Gli1, whereas no significant changes were found in p53 expression in AD rat brain tissue samples as
compared to control. Further, histology staining showed morphologically damaged nuclei in the AICI3 and STZ-induced AD rat groups whereas in
the control group, arranged round nuclei were seen. IHC showed high expression of Shh and Gli1, however, low expression of p53 was observed
in the induced AD rat’s groups as compared to the control rat group. Hence, we concluded that the dysregulated Shh, Glil and P53 may act as the
predicted potential biomarkers in the diagnosis and treatment of AD.
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Introduction
Mutations in the dominant genes such as Amyloid precursor

protein (APP), Presenilin-1 (PSEN-1), Presenilin-2 (PSEN-2) and
apolipoprotein E (ApoE) are also associated with AD [4,5]. Some
other risk factors including air pollution, diet, metals, infections,
and many others may induce oxidative stress and inflammation,
hence increasing the risk of developing AD. However, the brain is a
potential target for aluminum toxicity [6]. In the brain, aluminum
accumulates mainly in the frontal cortex and hippocampus [7,8].

Alzheimer’s disease (AD) is the most common
neurodegenerative disorder in people above the age of 65 years. It
is a prevalent form of dementia often characterized by progressive
loss of cognitive abilities [1,2]. Every year, around 4.6 million new
cases are reported worldwide [3] and present cerebral atrophy,
especially in the hippocampus, parietal and temporal lobes, as
well as by the presence of neurofibrillary tangles (NFT) and
senile plaques. The accumulation of B-amyloid (AR) induces Numerous studies reported that aluminum is one of the major
neurotoxicity and oxidative stress associated with the disease heavy metals that participated in the initiation and progression
of neurodegenerative ailments, as it directly affects the numerous
metabolic cascades in the nervous system, and may cause specific

encephalopathy with dementia [9,10].

progression. Both genetic and environmental risk factors play
a role in AD manifestation. The risk factors include decreased
reserve brain capacity, gross brain shrinkage, and low mental
achievement in early life, but age remains the greatest risk factor.
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The utilization of aluminum chloride (AICI3) is highly
compounded because it is found in various commercially
manufactured products like toothpaste, foods, medicines, and
packaged drinking water [11]. AICI3 is then absorbed into the
blood-brain barrier (BBB), accumulates in the brain, and plays
the role of a causative agent of AD [12]. Epidemiological and
animal studies showed that the incorporation of aluminum
in the hippocampus leads to anomalous Af} accumulation,
neuroinflammation and thus neuronal necrosis, resulting in
cognitive dysfunction, impaired cholinergic projections, apoptotic
neuronal death and phosphorylated tau overexpression [13-
18]. Sporadic dementia induced by intra-ventricular injection
of streptozotocin (STZ) is a well-defined non-transgenic animal
experimental model that mimics late-onset AD. STZ injections
decrease cerebral glucose uptake and produce multiple other
effects that resemble molecular, pathological, and behavioral
changes associated with sporadic form of Alzheimer’s disease such
as spatial memory impairment and cholinergic cell death in the
hippocampus [19,20]. Various cellular pathways might be involved
in the regulation of AP metabolism. These pathways including
the Shh-Glil cell signaling pathway could not only be linked
with altered amyloidogenic or non-amyloidogenic processing of
amyloid precursor protein (APP) but also might prevent clearance
of extracellular or intracellular A [21- 24]. In the Shh-Gli1 cell
signaling pathway, Sonic hedgehog (Shh) sets a chain of events in
target cell, leading to the activation and repression of target genes
by Gli gene family of transcription factors.

The activated Glil regulates the expression of many target
genes that control cell growth, survival, and differentiation in a
wide range of cells, including neurons. Glil is a critical effector
of the Shh pathway; indeed, Glil is also a transcriptional
downstream target of Shh cell signaling pathway [25]. Microglial-
mediated neuronal apoptosis is also mediated by p53 in AD.
This modified p53 is considered either mutated or misfolded in
AD and is suggested to be one of the potential biomarkers for
AD [26]. Henceforth, we also attempted to check the expression
of p53 in the AD group. Although AD was identified many years
ago, there is no effective treatment and early-stage biomarker for
AD yet. Current treatments only provide temporary and modest
improvement in cognitive impairment and are considered to be
symptomatic treatments. Hence, there is a need to identify novel
and effective biomarkers as well as therapeutic targets for AD. As
aresult, this research was conducted to identify the dysregulation
of Shh, Gli1, and P53 which may act as potential biomarkers or
therapeutic targets for AD.

Material and Methods
Animal model

200-250g weight male Wistar rats were obtained from Central
Animal House Facility, Jawaharlal Nehru Medical College, Faculty
of Medicine, Aligarh Muslim University (A.M.U) one week prior to
the experiments, housed individually with temperature (25£1°C),

humidity (60+10%) approved by the Institutional Animal Ethics
Committee and carried out as per CPCSEA guidelines India
(Reg no. 401/GO/Re/S/2001/CPCSEA). They were divided into
Control group (n=6), AICI3 group (n=6) and streptozotocin (STZ
(#14653 Sigma Aldrich) group (n=6). The control group received
saline solutions intraperitoneally while AD groups were treated
with AICI3 and STZ for 28 days at doses of 0.71 mg/kg/day and 33
mg/kg/day respectively.

Morris Water Maze (MWM)

The MWM tank was 132 c¢m in diameter and 60 cm in height,
filled with water (25+2°C) to a depth of 45 cm. The dye was
added to make the water opaque. The tank was divided into
four equal quadrants by two virtual perpendicular lines crossing
at the center. The four quadrants were named southwest (SW),
northwest (NW), northeast (NE), and southeast (SE). A platform
of 10 cm diameter was placed in the middle of the target quadrant
(SW) of the tank, and the platform was submerged 2.5 cm below
the surface of the water for the rat to climb on it, to escape from
the water. The test was completed in six days. On the first day the
rats were trained to remember the visible platform and from the
second day, the platform was hidden to record escape latency
and three trials each day by placing the rat in different quadrants
(NW, NE and SE) up to five days. The duration of each trial was
60 s only because more than 60 s rats were aggressive. If the rat
failed to locate the platform within 60 seconds, the experimenter
would gently guide it onto the platform to reinforce its memory
of the platform’s position for 30 seconds. Thereafter, on the sixth
day, the probe trial was carried out in which the platform was
removed, and the rat was allowed to search the platform for 60 s,
during which the time spent in the target quadrant was recorded
by the ANY-Maze system, V4.3 (Steolting, IL, USA). After the end
of each trial, the rat was dried with a towel and placed in their
home cages.

Open field test (OFT)

The OFT arena consisted of a 60x60cm black wooden
apparatus, surrounded by 30 cm high walls and equally divided
into 15x15cm squares on the floor by white colored lines. It was a
two-day procedure. The test was started by placing the rat at the
center of the arena and allowing it to explore freely for 5 min, the
behavior was recorded by the overhead camera attached to ANY-
Maze system V4.3 (Stoelting, IL, USA).

Tissue sampling

After the behavioral experiments, rats were anesthetized by
ketamine (75mg/kg; i.p.) and euthanized by cervical dislocation.
Rat brains were quickly isolated and placed in ice-cold phosphate
buffer saline. The isolated tissue samples were kept in RNAlater
(#76104, Qiagen, Germany) and stored at -20°C for molecular
analysis and in paraformaldehyde (PFA) for histopathological
experiments.
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RNA isolation

RNA from rat brain tissue samples was isolated and purified by
the TRI reagent (#T9424, Sigma-Aldrich). After homogenization,
200 pl of chloroform per ml of TRI reagent was added and shaken
vigorously for 15 seconds. Samples were then centrifuged at
12,000xg for 15minutes at 2-8°C. Aqueous phase containing RNA
was carefully collected in a fresh tube, without disturbing the lower
layer. Add 500l of isopropanol per ml of TRI reagent, followed by
centrifugation at 12,000xg for 15minutes at 4°C, which leads to
precipitation of RNA in small translucent to opaque white pellet at
the bottom of the tube. The supernatant of the tube was discarded
and 1 ml 75% ice-cold ethanol per ml of TRI used was added to
wash the pellet. The pellet was dissolved in nuclease-free water.
RNA concentration was determined spectroscopically (Shimadzu,
UV-1800, Germany) by measuring A260/A280 absorbance ratios.

RNA integrity was assessed by agarose gel electrophoresis. 1ug of
total RNA was used to prepare cDNA.

Reverse-transcriptase quantitative PCR

The cDNA (#4368814, MERCK) was synthesized, and real-
time PCR (Applied Biosystems) was done. Real-time quantitative
PCR was performed by Step-One (Applied Biosystems) with SYBR
green PCR master mix (#04710924001, Thermo-Scientific).
The reaction mixture contained 150 ng of a cDNA sample and
appropriate PCR primers. The cycle profile included an initial
denaturation at 95°C for 10 min, followed by 40 cycles of
amplification consisting of denaturation at 95°C for 15 s, annealing
at 60°C for 30s, and extension at 72°C for 30 s. Each sample was
run in triplicate and the means and standard deviations were
determined Table 1.

Table 1: Primer sequences for PCR and Real-time PCR. We used B-actin as a housekeeping gene. Primers were synthesized from (Eurofins,

India).

S.no. Target gene Annealing temp. (°C) Primer sequences (Forward and Reverse)

. 5'TCTTCCAGCCTTCCTTCCTG3’

. B Actin 605 5'CACACAGAGTACTTGCGCTC3’

2 Shh 605 5’ACTATGAGGGTCGAGCAGTG3'’

' 5’CCCCGGGACTTAGATCCTTC3’

. 5'CTTCAAGGCCCAGTACATGC3’

3 Gli1 605 5'GATCTGTGTAGCGCTTGGTG3’

5’ACTGACAGCCTCTGCATCCT3’

4 P53 605 5’CCAGCAACTACCAACCCATT3’

Histopathological analysis of rat brain tissue by H&E

Paraformaldehyde (PFA) fixed hindbrain tissues were
separated and dehydrated in a series of alcohol gradients and
xylene. Paraffin-embedded samples were further cut into thin
layers of 4um thickness by cryostat microtome and picked on
gelatine-coated slides and dried in an incubator. Slides were
dewaxed in xylene for 20 minutes and rehydrated in a series of
alcohol gradients and dipped in distilled water and stained with
hematoxylin. After cleaning the overstrained sections with acid
alcohol, they were stained with Eosin. Slides were again dipped
in a series of alcohol gradients in descending order. Finally, slides
were placed in xylene for 20 minutes, then cleaned and mounted
with DPX mounting.

Immunohistochemical analysis of rat brain tissue

Rat brain samples were fixed in 4% PFA. Fixed tissues were
dehydrated (in series of 50% to 100% ethanol for 30 min),
xylene and embedded in paraffin wax. The paraffin-sectioned
samples were dewaxed, rehydrated, and incubated with primary
antibodies (0.1pg/100uL) against Shh (#NBP2-22139, Thermo

Fisher Scientific) and Gli-1(#PA5-32206, Thermo Fisher

Scientific) for 30 mins. Non-covalently bound antibodies were
washed out with PBS-T buffer four times (10 min). Then, incubated
with 0.05pg/100pl anti-mouse secondary antibody-fluorescein
isothiocyanate (#NBP2- 30348H, Novus Biological) tagged per
sample was performed for 30 min, followed by the washing steps.
The slides were cleaned and mounted with the Ibidi mounting
medium (#50305707), Thermo Fisher Scientific), and images
were acquired by a fluorescent microscope (Nikon, Tokyo, Japan).

Statistical analysis:

All results were analyzed by one-way ANOVA using Graph pad
Prism 7. The results are expressed as mean * SE.

Results
Assessment of anxiogenic behavior

To assess the effect of AICI3 and STZ on rats, the Open Field
Test was carried out (Figure 1). Rats from AICI3 and STZ-induced
AD models showed similar anxiogenic behavior. Total distance
travel and freezing time were found to be statistically significant
when AD groups were compared to the control group (Figure 2A
and B).
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Figure 1: Effect of AICI3 and STZ activated behavioral changes in the AD rats by open field test.
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Figure 2: (A) Total freezing Time. (B) Total distance traveled. Results are expressed as MeanSE. Significant difference between
Control vs AICI3 is expressed as #, and control vs STZ is expressed as *. A P-value <0.05 is considered as significant.
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Assessment of cognitive impairment

Moreover, in Morris water maze, first time spent by rats in
each quadrant (Figure 3A) was seen and also significant decrease
was observed in the escape latency (Figure 3B). Rats from AlCI3
and STZ-induced AD models showed cognitive impairment as
compared to the control. AlC13 and STZ rats groups presented
altered memory and learning patterns (Figure 3C).

Reverse transcriptase PCR and Real-Time PCR for
analysis of gene expression

RT-PCR showed high expression of Shh and Glil transcript
in AD groups of rat brain tissue compared to control group.

Thereafter, we checked these genes’ expression by quantitative
PCR. RT-qPCR expression showed a significant up-regulation of
Shh and Gli1 as compared to control. Moreover, we did not find
any significant changes in p53 expression in induced AD rat tissue
samples compared to control (Figure 4A & B).

Histopathological analysis to check pyknotic damage

Paraffin-sectioned samples were stained with H&E to
determine the morphological changes in rat tissue samples, the
control group showing arranged round nuclei and morphologically
damaged nuclei in the AICI3 and STZ-induced AD rats groups
(Figure 5A-C).
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Figure 3B: Escape latency in Morris water maze (MWM), results are expressed as Mean+SE (n=6). Significant difference is found between
Control vs AICI3 and Control vs STZ p<0.05.
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Figure 3C: Effect of AICI3 and STZ activated behavioral changes in the AD rats by Morris water maze test. Results are expressed as
Mean+SE. Significant difference between Control vs AICI3 is expressed as #, and control vs STZ is expressed as *. A P-value <0.05 is
considered as significant.
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DAPI Staining Immunohistochemical analysis of AD rat brain for

differential expression of Shh, Glil and p53
DAPI staining of 4pm paraffin sections of hippocampus of P P

AICI3 and STZ induced AD rats, compared with control rats. In [HC showed high expression of Shh and Glil in induced AD
DAPI staining we have found damaged and shrinkaged nuclei in  rat’s groups as compared to control group (Figure 7A, B, C,D, E &
AlCI3 and STZ-induced AD rats groups compared to control group  F). Although, low expression of p53 was observed in the induced

(Figure 6A-C). AD rat’s groups as compared to the control rat group (Figure 7A-
D).
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Figure 4A: RT-qPCR: Expression of Shh, Gli1 and p53 in AICI3 and STZ induced AD rats group compared to control rat group. The results
were Mean+SE analyzed by one-way ANOVA. Results are expressed as Mean+SE. The significant difference between Control vs AICI3 is
expressed as #, and control vs STZ is expressed as *. P-value <0.05 is considered as significant.
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Discussion

Few studies explored the role of the Shh-Glil cell signaling
pathway in neurodegenerative diseases but to the best of our
knowledge, none of them reported the role of the Shh-Glil cell
signaling pathway in AD. In this study, we explored the role of
Shh-Glil cell signaling pathway in an AD-induced rat model.
AD rat models were developed by AlCI3 and STZ and thereafter
we explored the potential role of the Shh-Glil cell signaling
pathway in these AD-induced rat models. Moreover, AlC13 model
is widely used to induce AD in rats but compared to AlCI3, STZ
is less invasive and induces a similar sporadic AD pathology as
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AICI3. According to Campbell et al, AlC13 is a possible contributing
factor in Alzheimer’s disease [27-29]. AIC13 has been implicated in
Alzheimer’s disease, parkinson, and Dementia complex and causes
extensive damage to the nervous system, to date the mechanism
of AIC13 neurotoxicity has not been fully elucidated [30]. Evidence
for the contribution of AICI3 to AD remains contradictory [31,32].
However, epidemiological studies have indicated a link between
AICI3 in drinking water and AD and a variety of human and animal
studies have implicated learning and memory deficits after AlCI3
exposure [33-35].
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We also used STZ as AD inducer in one group of rats. [ICV
injections of STZ in rats impair brain biochemistry, cerebral
glucose and energy metabolism, cholinergic transmission, and
increase the generation of free radicals, ultimately leading to
cognitive deficits [36,37]. Collectively, these effects are similar
to sporadic dementia of Alzheimer’s type in humans [38]. In our
study, we observed that the level of Shh-Glil is up-regulated in
AlCI3 and STZ induced AD rats group compared to control group.
This pathway is very crucial for the normal embryonic and adult
brain development. When the pathway is downregulated due to
multiple factors, brain tumors and damage to the hippocampus
leading to AD may be caused [39]. According to previous studies,
Shh signaling pathway is activated after injury and helps in tissue
repair mechanisms in the adult organism [40, 41]. In the early
patterning of the embryonic brain, Shh-Glil signaling pathway
plays a crucial role in regulating the polarity of the central nervous
system (CNS) as well as guiding the ventral patterning in the
spinal cord [42]. Some previous studies suggested that Shh plays
an important role in establishing the ventral spinal cord, inducing
the basal lamina, and forming motor neurons among several other
functions during the early stage of embryonic development [43].
According to Li et al, blockage of the Shh pathway may reduce
apoptosis of hippocampal neurons to improve spatial learning and
memory capacity in AD mice [44]. Shh affects the proliferation,
differentiation, survival, and apoptosis of neural precursors
[45]. Reilly et al. found that Shh exerts an important function
on cholinergic neuron development, and its receptor PTCH1 is
specifically expressed in cholinergic neurons of the adult rat basal
forebrain, suggesting a therapeutic value of Shh in AD [46, 47].
Furthermore, we investigated the expression of p53. Although
p53 showed a significant contribution to neurodegeneration and
synaptic plasticity in previous studies [48] we did not find any
significant difference in p53 expression in AD group compared to
control.

Some previous studies suggested that p53 is a biomarker for
AD and expression and activity of p53 are highly regulated [49].
p53 plays an important role in many areas of cellular physiology
and biology, ranging from cellular development and differentiation
to cell cycle arrest and apoptosis [50]. p53 expression and
activity are tightly regulated, such that p53 protein product is
either rapidly degraded or exists in a latent form in unstressed
cells. Moreover, p53 activation depends upon complex post-
translational modifications [51]. According to C Lanni et al, p53
is conformationally altered and plays a role as a novel candidate
biomarker for AD. According to them, an anomalous and detectable
conformational state of p53 is expressed in peripheral blood
cells from sporadic AD patients and not in age-matched non-AD
subjects, thus supporting the existence of a new putative marker
for AD [52]. Recently, Uberti et al. described a correlation between
p53 and AD. In AD fibroblasts they showed an impairment of the
p53 signaling pathway.
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Conclusion

As far as various studies on AD have been done but till now,
many problems have not been solved. Presently, the treatments
for AD provide only temporary improvement. The development
of new technical tools, animal experimental models, and gene
transcription, and protein detection technologies may provide the
circumstances necessary for humans to defeat neurodegenerative
illnesses. Therefore, it is crucial to carefully examine how the
Shh-Gli1 signaling pathway contributes to the development of the
central nervous system and neurodegenerative disorders. Finding
novel treatment targets and researching precise diagnostic
and prognostic biomarkers will also raise hopes for curing
neurodegenerative illnesses, including AD. Henceforth, our study
suggests that Shh and Glil may act as potential biomarkers in
the diagnosis of AD. In aged neural tissues, the role of Shh-Gli1
may also provide a therapeutic possibility, mainly in devastating
neurodegenerative disorders including AD.
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