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Accumulation of amyloid beta and its toxicity are the common features in Alzheimer’s disease. Autophagy
plays an important role in development and progression of Alzheimer’s disease by causing self-
degradation of accumulated amyloid beta from neurons. Glycitin has been found as major phytochemical
constituent of soybean, which shows neuroprotective function in Alzheimer’s disease. The present study
aims to explore the role of glycitin in clearance of amyloid beta and reducing amyloid beta toxicity in
neuronal cells. The human microglial cells 3 and neuroblastoma cell SHSY-5Y were used in the current
study. 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide assay was used to access cell viability
and neuroprotection. Western blotting was used to determine expression levels of different proteins.
Autophagosome marker (light chain 3) was studied using confocal microscopy. Clearance of amyloid
beta was studied using confocal microscopy and enzyme-linked immunosorbent assay. We reported that
glycitin induces autophagy in human microglial cells 3 cells through phosphatidylinositol 3-kinase/protein
kinase B pathway. Glycitin clears amyloid beta and its associated toxicity in neuroblastoma SHSY-5 cells.
Furthermore, light chain 3 knockdown inhibits glycitin associated neuroprotective effects in neuroblastoma
SHSY-S cells. We conclude that glycitin can be used as an alternate strategy for curing Alzheimer’s disease.
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Accumulation of Amyloid Beta (Af) is the main
hallmark in Alzheimer Disease (AD)!. AD is mainly
classified into two forms familial (early onset) and
sporadic (late onset). In former truncated AP plaques
are formed due to mutation in one of the gene, where
as in later an imbalance between the clearance of
AP occurs, causing more accumulation of the toxic
protein?. Autophagy plays an important role in
development and progression of AD by causing self-
degradation of accumulated AB from neurons?!. It has
been reported that cellular integrity is preserved by
autophagy and therefore prevents neurological diseases.
Deficiency in autophagy is more likely to increases
AD severity. AP accumulation, due to defective
autophagy, has been reported to intensify the disease
pathology!™. Reduced levels of beclin 1 in AD mouse
model hampers autophagy and therefore enhances AP
accumulation and ultimately causes neurodegeneration.
It has been reported that genetic modification of belinl
in AD mouse model significantly improves the disease
pathology®. Growing body of evidence suggests
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that the pharmacological intervention of autophagy
significantly clears accumulated AP and therefore
provides neuroprotection(®',

Natural products impacts drug discovery and design in
the modern eral'!!. They have been extensively searched
upon by scientists for their medicinal and biological
properties'?. Several plant-derived phytochemicals
and secondary metabolites played striking roles in
pharmacotherapy!®!. Some of the biologically active
compounds were found effective drug against different
neurological conditions!'*. Flavonoids are a significant
class of natural products consisting of over 4000
phenylbenzopyrones mostly found among edible
plants'3l, Flavonoids show a rich pharmacological
profiles, including anticancer, anti-inflammatory and
antioxidative'. Among flavonoids, isoflavones from
soy like glycitin, daidzein, glycitin and genistein have
been shown with anti-osteoporosis, cardioprotective and
chemoprotective effects!!”!81. Glycitin is an isoflavone
found in soy and products!'®’. This molecule has been
shown to exhibit remarkable biological activities like
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promoting wound healing, cardioprotective, anti-
obesity and antioxidant. Furthermore, glycitin has been
found as major phytochemical constituent of soybean,
which shows neuroprotective function in ADP%. In
the current study, we try to explore the possible role
of glycitin in inducing autophagy to clear AP from
neuronal cells.

MATERIALS AND METHODS
Chemicals, cell culture and conditions:

The glycitin molecule (>98 purity by High Performance
Liquid Chromatography (HPLC)) was obtained
from Sigma-Aldrich. AB (1-42) was purchased from

Eurogentec (Belgium). 3-(4,5-Dimethylthiazol-
2-y1)-2,5-Diphenyl Tetrazolium Bromide (MTT),
4’,6-Diamidino-2-Phenylindole Dihydrochloride

(DAPI), Dimethylsulfoxide (DMSO) and phosphate
buffer saline were obtained from Sigma. Antibiotics,
Dulbecco’s Modified Eagle Medium (DMEM) and
Fetal Bovine Serum (FBS) were procured from Gibco™
(United States). The Human Microglial Cells 3 (HMC3)
and neuroblastoma cells (SHSY-5Y) were procured
from American Type Culture Collection (ATCC)
(Rockville, MD, United States). Cells were cultured in
10 % FBS/antibiotics/DMEM under standard 5 %/air,
37° conditions.

Cell transfection:

The coding sequence of Light Chain 3 (LC3) was
amplified by Polymerase Chain Reaction (PCR) from
HMC3 cells and cloned into the Promega Monster
Green™ Fluorescent Protein (phMGFP) expression
vector (Invitrogen, USA), which was referred as
phMGFP-LC3. The empty phMGFP plasmid was
used as Negative Control (NC). Cell transfection
was performed on cells cultured on cover slip using
Lipofectamine™ 2000 (Invitrogen) according to the
manufacturer’s protocol. 48 h post transfection, HMC3
cells were fixed with paraformaldehyde (5 %) for
25 min and analyzed through confocal microscopy.
Transfection efficiency was by quantitative real time
PCR.

TABLE 1: SEQUENCES OF THREE siLC3

For LC3 knockdown, cells were grown in a six-well
plates and transfected with 50 nm small interfering
Ribonucleic Acid (RNA) targeting LC3 with
Lipofectamine™. For successful silencing of LC3,
three small interfering RNA (siRNA) sequences were
designed from LC3 sequence (GenBank: accession No:
NMO032514.3), as shown in Table 1.

Western blot:

The expression levels of different genes in glycitin
treated cells were evaluated by Western blotting. In
brief, the cells were seeded in 24-well plates containing
different glycitin concentrations (0, 30, 60 and 120
um) and incubated for 24 h then harvested upon
attaining 80 % of confluence. Post glycitin treatment,
cells were lysed using Radio Immunoprecipitation
Assay (RIPA) lysis buffer. Proteins were quantified
using bicinchoninic acid assay and identical amounts
(40 pg) were separated on sodium dodecyl-sulfate
polyacrylamide gel electrophoresis (12 %) and
transferred onto polyvinylidene difluoride membranes.
Blocking of membranes was done with bovine serum
albumin (5 %) followed by incubation overnight at
4° with corresponding primary antibodies like LC3,
ubiquitin-binding protein p62, phosphorylated protein
kinase B (p-AKT), total AKT (t-AKT), phosphorylated
mammalian Target of Rapamycin (p-mTOR), mTOR,
Beclin 1, Autophagy related protein 7 (ATG7),
Autophagy related protein 5 (ATGS5), Autophagy
related protein 12 (ATG12) and Glyceraldehyde-
3-Phosphate  Dehydrogenase (GAPDH) (1:1000
dilutions, Santa Cruz, CA, United States). Post
incubation period, washing with Tris-Buffered Saline
Tween-20 (TBST) was carried out for 25 min. After
that, secondary antibodies were introduced with 1:3000
dilutions (Thermo Scientific) and membranes were
further incubated for 1 h in the dark. Post incubation,
the secondary antibodies treated membranes were
rewashed three times again in TBST for 15 min.
Finally, the protein bands were visualized with a Bio-
Rad Enhanced chemiluminescence clarity max kit over
X-ray film.

Name Sequences (5'-3") Position

. Sense: GCGAGUUGGUCAAGAUCAUTAATACGACTCACTATAGGGAGA 352
siLe3-1 Antisense: AUGAUCUUGACCAACUCGCTAATACGACTCACTATAGGGAGA

. Sense: GCUUCCUCUAUAUGGUCUATAATACGACTCACTATAGGGAGA 490
siLC3-2 Antisense: UAGACCAUAUAGAGGAAGCTAATACGACTCACTATAGGGAGA

. Sense: GUAAGGAGGUACAGCAGAUTAATACGACTCACTATAGGGAGA 220
SILC3-3 Antisense: AUCUGCUGUACCUCCUUACTAATACGACTCACTATAGGGAGA
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Confocal microscope:

HMC3 cells were grown on coverslips and treated
with HiLyte™ AP . 555 for 24 h. It was followed
by treatment with glycitin for 12 h. DAPI (1 pg/ml)
treatment was performed for 15 min. HMC3 cells were
fixed with paraformaldehyde (5 %) for 25 min and

analyzed through confocal microscopy.
Enzyme-Linked Immunosorbent Assay (ELISA):

HMC3 cells were grown in 12 well plates and treated
with HiLyte™ AP, ,, 555 for 24 h. It was followed by
treatment with glycitin for 12 h. Cells were washed
thrice, followed by lysis and analysis was carried out in
according to protocol.

MTT assay:

The proliferation of SHSY-5Y cells was monitored
by MTT assay. In brief, SHSY-5Y cells (1x10* per
well) were grown for 24 h in 96-well microplates to
80 % of confluence. Cells were treated as: AR . (10
uM) for 24 h followed by treatment with glycitin for
different concentrations like 0, 30, 60 and 120 pm,
for 12 h. It was followed by treatment with different
glycitin concentrations viz. 0, 30, 60, and 120 um, for
24 h respectively. After test drug treatment, 25 pl of
5 mg/ml MTT solution was left to incubate for 2.5 h.

The formazan crystals formed by the addition of MTT
were dissolved in DMSO (100 pl) and the solution was
placed in the dark for 20 min. Finally, the absorbance
was measured at 570 nm with a multimode plate reader
(PerkinElmer, Boston, United States).

Statistical analysis:

Statistical Package for the Social Sciences (SPSS)
software was used to carry out statistical analysis.
Experimental values were given as meantstandard
deviation. Statistical significance was measured with
Analysis of Variance (ANOVA) and for comparisons
t-test was used (p<0.05 as statistically significant).

RESULTS AND DISCUSSION

To explore the possible role of glycitin in inducing
autophagy, HMC3 cells treated with different
consecration of glycitin (1, 5 and 10 um) for 12 h.
Induction of autophagy was observed by glycitin
treatment, as depicted by LC3-I to LC3-II conversion
and decreased expression of p62 (fig. 1A). Fig. 1B shows
densitometry analysis of the protein bands. Expression
of LC3 puncta was observed to enhance significantly
after glycitin treatment compared to control (fig. 1C).
Glycitin was found to increase expression levels of
autophagy-related genes like ATGS, ATG7, ATG12 and
beclin 1 in HMC3 cells (fig. 2A).
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Fig. 1: (A): Induction of autophagy was observed by glycitin treatment, as depicted by LC3-I to LC3-II conversion and decreased
expression of p62; (B): Shows densitometry analysis of the protein bands; (C) Expression of LC3 puncta was observed to enhance
significantly after glycitin treatment compared to control and (D) Shows ImageJ software analysis for quantification of LC3 puncta
Note: *Indicates p<0.05, experiments were performed in three independent replicates
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Fig. 2: (A): Western blot analysis autophagy-related proteins like ATGS, ATG7, ATG12 and beclin 1 in HMC3 cells. As shown in
the fig, decreased expression of p-mTOR and p-AKT was observed in glycitin treatment and (B) Shows densitometry analysis of

Western blot

Note: Experiments were performed in three independent replicates, (| ) Control; (| ) Glycitin (30 pM); () Glycitin (60 pM) and

( 1)Glycitin (120 pM)

Furthermore, glycitin treatment decreases expression
of p-mTOR and p-AKT in dose dependent manner.
Our results suggested that glycitin induced autophagy
in cells through Adenosine Monophosphate-Activated
Protein Kinase (AMPK) pathway. Accumulation of Af
in neuronal cells, triggers toxicity and ultimately death
of neuron. To explore the possible role of glycitin in
clearing AP from HMC3 cells, transfection studies were

carried out. Glycitin treatment significantly reduced
AP accumulation in cells in dependent manner (fig.
3). As shown in the figure, AP associated fluorescence
was reduced with glycitin treatment. Thus, our results
indicates that glycitin significantly clear Ap in HMC3
cells. Accumulation of AP in AD occurs mainly due to
defect in its clearance mechanisms!?!l.
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Fig. 3: As shown in the fig, AP associated fluorescence was reduced with glycitin treatment
Note: Experiments were performed in three independent replicates
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Autophagy has emerged as essential process, by
which clearance of AP takes place in the brain®.
Defective autophagy has been reported to cause
both intracellular and extracellular accumulation of
AP in the brain®!. Pharmacological intervention on
autophagy significantly clears accumulated Ap and
therefore provides neuroprotection. We therefore, try
to find out the possible role of glycitin in autophagy
associated AP clearance in microglial HMC3 cells.
Microglial cells possess greater phagocytosis capacity
and therefore uptakes AP at higher rate to clear its
build up¥. Such specialized cells possess AP uptake
receptors like Myeloid specific human CD33 and
Triggering Receptor Expressed on Myeloid (TREM)
cells!®). We reported induction of autophagy by glycitin
treatment, as depicted by LC3-I to LC3-II conversion
and decreased expression of p62.

To further validate the role of glycitin in A} clearance,
silencing of LC3 was done following by treatment
with glycitin for 12 h. Interestingly, glycitin associated
clearance of AP was inhibited in cells tranfected with
si-LC3 (fig. 4A). Transfection efficiency of si-LC3 was
detected by immunoblotting (fig. 4B). Accumulation
of AP has been reported to enhance Reactive Oxygen
Species (ROS) production and therefore leads to
neurodegeneration. As reported above, glycitin was
able to significantly clear AR in HMC3 cells; we
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therefore set experiment to look for its role in reducing
neurotoxicity in SHSY-5Y cells.

We reported that glycitin treatment significantly
increase cell viability in cells treated with AB (fig. 5).
Furthermore, the process of autophagy is mainly either
AMPK activation or Phosphatidylinositol 3-Kinase/
Protein Kinase B (PI3K/AKT) pathway inhibition®.
We found that glycitin significantly causes activation
of AMPK pathway via phosphorylation of p-AMPK
(Thr 172) in HMC3 cells. An increased expression
level of autophagy related proteins like beclinl, ATGS,
ATG7, and ATG12 was found with glycitin treatment.
Accumulation of AP in neuronal cells, leads toxicity
and ultimately death of neuron. Glycitin was found
to significantly reduce AP accumulation within in
HMCS3 cells in dependent manner. Glycitin associated
AP clearance was inhibited by LC3 knockdown,
therefore further highlights its role in preventing AP
accumulation. Accumulation of AP has been reported
to enhance ROS production and therefore leads to
neurodegeneration. Glycitin effectively reduce AP
associated toxicity SHSY-5Y cells.

In conclusion, glycitin induces autophagy cells through
AMPK pathway, causes clearance of A} and ultimately
offers neuroprotection against A} associated toxicity in
neuronal cells.

Fig. 4: Glycitin treatment significantly increase cell viability in cells treated with Ap compared to control
Note: *Indicates p<0.05, experiments were performed in three independent replicates

Special Issue 2, 2022

Indian Journal of Pharmaceutical Sciences 272



www.ijpsonline.com

=

150+

1004

50+ *

Cellviability (%)

o+
) &
<& N\
B) & P
Y o
GAPDH | i S—
C) 12.5
§ 10
8 75
s
2 *
S as
0
v >
6‘0(’ \»\’(J
S
£ 9

Fig. 5: (A): Glycitin associated increased cell viability in cells is decreased after siLC3 treatment; (B): shows efficiency of siRNA
against LC3 and (C): shows densitometry analysis
Note: *Indicates p<0.05, experiments were performed in three independent replicates
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