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6-Aminoflavone Activates Nrf2 to Inhibit the Phospho-JNK/TNF-a
Signaling Pathway to Reduce Amyloid Burden in an Aging Mouse
Model
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ABSTRACT: In the current study, we examined the antioxidant
activity and anti-amyloidogenic potential of 6-aminoflavone in an

adult mice model of D-galactose-induced aging. Male albino eight- ‘
week-old mice were assigned into four groups: 1. the control group [z weinuens =] (
(saline-treated), 2. p-galactose-treated mice (100 mg/kg/day,
intravenously) for eight weeks, 3. p-galactose-treated mice (100
mg/kg/day, intravenously for eight weeks) and 6-AF-treated mice ==
(30 mg/kg/day, intravenously for the final four weeks), and 4. 6-

n<ubation | ~~ /Q% /

AF-treated mice (30 mg/kg/day ip. for four weeks). We - - —
conducted many assays for antioxidant enzymes, including lipid - =

peroxidation, catalase, glutathione (GSH), peroxidase (POD), and -;z‘(‘v -

sulfoxide dismutase (SOD) (LPO). Western blotting was used to / _—

assess protein expression while the Morris water maze (MWM)

and Y-maze (YM) were used to study behavior. The findings show that 6-AF greatly improved neuronal synapse and memory
impairment brought on by p-galactose and it significantly inhibited BACE1 to reduce the amyloidogenic pathway of A (both amyloid
f production and aggregation) by upregulating Nrf2 proteins (validated through molecular docking studies) and suppressing
phosphorylated JNK and TNF-a proteins in adult albino mice’s brain homogenates. These findings suggest that 6-AF, through the
Nr1f2/p-JNK/TNF-a signaling pathway, can diminish the oxidative stress caused by D-galactose, as well as the amyloidogenic route of
A formation and memory impairment.

1. INTRODUCTION Galactose has thus been used for many years as an animal
model to research the molecular causes of memory impair-
ment.” p-Galactose-induced AD neuropathology is the most
useful model for assessing the therapeutic efficacy of new and
experimental drugs for the cure of Alzheimer’s disease in
animals. Polyphenols and flavonoids, which are the most
important polyphenols and essential components of the human
diet, are found in plants and are excellent sources of these
compounds.”™"" When used both in vitro and in vivo, 6-
aminoflavone exhibits strong antiproliferative action against a
number of human tumor cell lines."' The chosen molecule, 6-
aminoflavone, may be used as a possible treatment against

In addition to cell death, f amyloid clumps, and hyper-
phosphorylated tau protein tangles, the common aging illness
known as Alzheimer’s disease (AD) differs from other
disorders in a number of ways.' According to some researchers,
one of the biggest dangers to mitochondrial dysfunction, which
contributes to the onset of Alzheimer’s disease, is oxidative
stress or the production of reactive oxygen species (ROS).”
ROS may possibly be a factor in brain inflammation. Damage
to proteins, DNA, and lipids occurs as a result of an excess of
reactive oxygen species (ROS) inhibiting antioxidant defense
mechanisms.” Neuroinflammation can also result in synapto-
toxicity and memory impairment.4 D-Galactose, a component
of Gram-negative bacteria’s polysaccharide, attaches to micro-
glia’s Toll-like receptor 4 (TLR4), activating an innate immune
response.” TLR4 and D-galactose interact to activate and
increase nuclear factor kappa-B (NF-B) and other kinases,
which results in the creation of interleukin-1 (IL-1),
interleukin-6 (IL-6), and tumor necrosis factor (TNF).° p-
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neurodegenerative illnesses because of its reported antiprolifer-
ative action.

The current work examined the protective effects of 6-AF
against D-galactose-induced oxidative stress, neural synapse
dysfunction, and memory impairment in adult male albino
mice. Our most recent studies demonstrate that 6-AF can
greatly reduce neuroinflammation, synaptic dysfunction,
oxidative stress, and memory impairment brought on by p-
galactose in AD animal models via boosting the phospho-Akt
signaling pathway.

2. MATERIALS AND METHODS

2.1. Chemicals. PBS (phosphate buffer saline) tablets,
acrylamide, Trizma base, D-galactose, ammonium per sulfate
(APS), sodium dodecyl sulfate (SDS), bis-acrylamide,
potassium chloride (KCI), and sodium chloride (NaCl) were
purchased from Sigma-Aldrich Chemical Co. and Daejung
Chemicals & Metals Co., Ltd.

2.2. Mice and Their Grouping. The National Institutes of
Health (NIH) veterinary subdivision provided mature male
Swiss albino mice, which were then transported to the
NMMRC, Peshawar, to be used in these experiments. The
mice were kept in cages that were clearly identified and had
unrestricted entrance to food and water at Biobase in China.
They were also given some time to become adjusted to their
new environment. Later, the mice were separated into four
groups (n = 10) at random, as shown below.

1. Control mice (0.9% saline-treated).

2. p-Galactose-administered mice (100 mg/kg).

3. p-Galactose-administered mice (100 mg/kg) + 6-AF-
administered mice (30 mg/kg).

4. 6-AF-administered mice (30 mg/kg).

Then, the male mice, who were on average 30—32 g in
weight, were put in appropriate cages in an animal home with a
controlled environment that had a 12 h light and dark cycle, a
temperature of 25 °C, and an endless supply of water and
standardized food. The NMMRC’s animal ethics committee
recommended that Peshawar and all other study animals be
handled with the utmost care and consideration.

2.3. Behavioral Tests. To illustrate the therapeutic
benefits of 6-AF on memory impairment brought on by b-
Galactose, two well-known behavioral tests were employed.
For 8 weeks, D-galactose was administered intraperitoneally
(i.p.) to the mice in groups 2 and 3. In a similar manner,
groups 3 and 4 each received 4 weeks of intravenous (6-AF)
treatment. The behavioral tests were conducted as single-blind
trials, while all of the research animals were thereafter tagged.
The mice were randomly divided into four groups. The mice
treatment groups and tags were kept a secret from the
researcher conducting the behavioral assessments.

2.4. Morris Water Maze Test. The Morris water maze
(MWM) test was used to examine mice’s hippocampal-based
long-term spatial learning ability. The design and specifications
of the MWM test apparatus are specifically described in a
recent study.'” The mice underwent training to swim twice
daily prior to the start of the actual testing in order to
acclimatize to the water tank and platform for 3 days. The
mean escape delay was later determined for each mouse over a
duration of 60 s in order to locate the hidden platform. This
procedure was carried out for a total of 05 days. If the mice did
not discover the platform within the allotted time, they were
physically guided and left on the platform for 10 s. The escape

delay time in seconds for each day was recorded. The mice
were given a two-day rest period before the final probe testing.
This involved hiding the platform and counting how long each
mouse spent in the target quadrant.

2.5. Y-Maze Test. As previously stated, the behavioral Y-
maze test was conducted.”’ Three arms with the combined
measurements of 50 X 10 X 20 cm® (L X W X H) make up the
Y-maze device, which are joined at an angle of 120° degrees.
Mice were given a total of 10 min per time to get used to this
new habitat. After that, the mice were placed in the middle of
the maze for 8 min to roam freely across its three arms.
Software was used to calculate the total number of arm entries
of each mouse and each subsequent triplet. The percentage of
alternations was then calculated using the algorithm shown
below

Percentage of alternations

Total number of Successive triplets sets
= X 100
Total number of arm entries — 2

The degree of alternations was closely interrelated with the
mice’s capacity to retain spatial information.

2.6. Western Blotting Analysis. After receiving the
previously described therapy, all of the animals were killed."”
The hippocampus region of the mice’s brain was carefully
removed after they had been beheaded and was then promptly
transferred to RNA later solution and PBS (1:1) on ice. After
homogenizing the hippocampus brain in a solution of total
protein extraction reagent, the tissue supernatants were
unruffled and kept at —20 °C for further investigations. The
protein concentration was determined using the Bio-Rad
protein estimation assay, and the absorbance at 595 nm was
measured. Gel electrophoresis employing SDS-PAGE 12—15%
was carried out after normalizing all sample proteins to 30 g/
group. The run’s operation conditions were kept at 50 mA for
the first 20—30 min. For the following 1.5—2 h, until the run
was finished, they were switched to 120 V. Proteins from the
gel were then transferred to a poly(vinylidene fluoride)
(PVDF) membrane using semi-dry transblotting, according
to Santa Cruz Biotechnology in the United States (Bio-Rad).
Among the mouse-derived primary antibodies used were those
against SYP, PSD-95, p-Akt, NF-kB, f-actin, IL-1, and TNF-a
from Santa Cruz, California, in the United States. Anti-mouse
secondary antibodies from Santa Cruz, California, in the USA,
were used in conjunction with these primary antibodies. The
results were used to produce X-ray films."?

2.7. Evaluation of Brain Homogenates for Antiox-
idants. 2.7.1. Catalase Assay (CAT). Catalase activity (CAT)
was determined using an older approach with little changes."*
400 mL of H,0, (5.9 mM), 2500 mL of phosphate buffer (50
mM) at pH 5.0, and 100 mL of brain supernatant were all
included in 3 mL of the reaction mixture. At 1 min intervals,
the reaction mixture’s change in absorbance was measured at
240 nm. A 0.01 unit/minute change in absorbance was
regarded as one unit of activity.

2.7.2. Peroxidase Assay (POD). The peroxidase assay was
determined using a previous method with minute changes in
order to quantify the peroxidase activity.'* The peroxidase
test’s reaction mixture is composed of 300 mL of H,0, (40
mM), 100 mL of guaiacol (20 mM), 2500 mL of phosphate
buffer (50 mM, pH 5.0), and 1000 mL of brain homogenate
supernatant. Measurements of the reaction mixture’s absorb-
ance at 470 nm were taken for each minute. The alteration in
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Figure 1. Both pre-and post-synaptic protein expression enhanced by 6-AF against p-galactose in mice. (A, B). The findings of the western blotting
method of pre- and post-synapse protein expression of synaptophysin and PSD-95 and SYP in the brain supernatant of homogenates treated with
either D-galactose alone or in combination with 6-AF are shown. (C) The histograms of respective relative densities of both SYP and PSD-95.
Image] software was used to know the densities and to make graphs. The findings were calculated using an arbitrary unit (A.U.) and a histogram
that shows the mean in A.U. SEM. p < 0.001 and p < 0.01 are significant.

absorbance of less than 0.01/min was measured to be a single
unit of peroxidase activity (POD).

2.7.3. Superoxide Dismutase Assay (SOD). As described, a
slight adjustment to this test was made."” The reaction mixture
for determining the superoxide dismutase (SOD) activity
included 300 mL of brain homogenate supernatant, 100 mL of
sodium pyrophosphate buffer (0.052 mM), and 100 mL of
phenazine methosulphate (186 M). The enzymatic process
was started by adding 200 L of NADH (780 M) to the
mixture. The reversing agent, 1000 L of glacial acetic acid, was
introduced after 1 min. The yield of chromogen per mg of
protein was determined by measuring the absorbance of the
reaction at 560 nm.

2.7.4. Reduced Glutathione Assay (GSH). In a previous
investigation, 1000 L of the brain homogenate’s proteins were
precipitated by the addition of an equal amount of a solution of
4% sulfosalicylic acid, to identify decreased glutathione levels.'®
The reaction mixture was first heated for an hour to 4 °C,
followed by 20 min centrifugation at 1200g. 200 L of 100 mM
DTNB and 2700 L of a phosphate buffer solution (0.1 M and
pH 7.4) were combined to create the reaction mixture. Then,
the absorbance at 412 nm of the reaction mixture was
measured. Findings related to decreased glutathione were
shown as M/g tissue.

2.7.5. Estimation of Lipid Peroxidation (TBARS). A little
modification to a previously described technique was used to
conduct the lipid peroxidation (TBARS) experiment.'” For the
experiment, 1000 L of a mixture for the reaction including 580
L of pH 7.4 0.1 M phosphate buffer, 200 L of 100 mM ascorbic
acid, 200 L of brain homogenate supernatant, and 20 L of 100
mM ferric chloride was created. For an hour, the reaction
mixture was incubated in a stirred water bath that was kept at
37 °C. With the addition of 1000 mL of 10% trichloroacetic
acid solution, the process was stopped. Following the addition
of 1000 L of 0.67% thiobarbituric acid, the tubes were
immediately placed in a cold bath and centrifuged at 2500g for
10 min. Using a spectrophotometer to measure the super-
natant’s absorbance at 535 nm, the quantity of lipid
peroxidation (TBARS) generated in each sample was

26957

calculated. Information was presented in terms of nM
TBARS/min/mg of tissue at 37 °C. 1.561 105 M~'em™" is
the molar extinction coefficient of TBARS.

2.7.6. Statistical Analysis. A specific piece of computer
software was used to scan, gather, and statistically analyze all of
the results’ X-rays. They consisted of Image], Adobe
Photoshop, and Prism S, among others. Mean scanning
electron microscopy (SEM) represents the density of the
proteins by using arbitrary units (A.U.s), and p 0.0S, p 0.01,
and p 0.001 were used to represent that the mice administered
with D-galactose were significantly different from the animals
treated with normal saline.

2.7.7. All-Atom Molecular Dynamics Simulation. This
study looked at the therapeutic effectiveness of 6-AF against D-
galactose-caused memory impairment and oxidative stress-
mediated neuronal synapse in normal adult male albino mice.
In an AD animal model, 6-AF can significantly lessen b-
galactose-caused oxidative stress, synapse dysfunction, neuro-
inflammation, and memory impairment via activating the
phospho-Akt (p-Akt) signaling pathway. To examine the
activating mechanism of p-Akt by 6-AF, we used compre-
hensive molecular dynamics (MD) and molecular docking
modeling with the molecular operating environment (MOE)
and the AMBER software package.

2.7.8. Molecular Docking. To forecast potential molecular
interactions between the investigated chemical and the target
Nrf2 receptor protein, molecular docking was carried out.
Initially, the two-dimensional (2D) structure of 6-amino-
flavones was acquired from the PubChem database and the
structure of Nrf2 was retrieved using the PDB database with
ID 6 QMK.18 Additionally, molecular docking calculations,
energy minimization, and molecular visualization of docking
data were carried out using the Molecular Operating
Environment software package. Ten different positions were
created for the six previously supported aminoflavones.'” The
docking was determined using the London dG score method.
The London dG scoring function is used to calculate the
binding free energy of a ligand at a specific location in a target

https://doi.org/10.1021/acsomega.3c01781
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Figure 2. 6-AF boosted memory in adult mice’s brains. The results of behavioral tests are presented as follows: (A) the Morris water maze test’s
average escape latency from day 1 to day S, (B) the probe test, and (C) the percentage of spontaneous modification in the Y-maze test. All verified

data are shown as a mean SEM. p < 0.01 and p < 0.001 are signific

ant.

structure. The final docking scores were acquired using the
GBVI/WSA G scoring algorithm.20

3. RESULTS AND DISCUSSION

3.1. 6-AF Therapies Increased the Expression of Pre-
and Post-Synapse Proteins in p-Galactose-Adminis-
tered Adult Mice. The genes and proteins of neuronal
synapses are reportedly negatively impacted by p-galactose.”!
Thus, the western blotting technique was used to analyze pre-
and post-synapse proteins in all experimental groups.
According to results from a western blot investigation, D-
galactose reduced the expression of proteins important for
brain synapses. D-Galactose (120 mg/kg) was chronically
administered to adult male albino mice for a period of eight
weeks. In the homogenates of the mice’s brains, SYP
(synaptophysin), a pre-synapse protein, and PSD-9S, a post-
synapse protein, are both expressed. Figure 1A—C demon-
strates that 6-AF significantly (p 0.01) improves the protein
expressions of both SYP and PSD-9S proteins in the third
group of rat brain homogenates, which was injected with 6-AF
three times per week along with 120 mg/kg p-galactose for
four week

3.2. 6-AF Restored Memory Deficits in p-Galactose-
Treated Mice. In the aging model used by p-galactose, the
effects of 6-AF on spatial learning and memory were examined
using the Morris water maze and the Y-maze. These mice were
taught and given a break, and then their data were gathered
from the first to the fifth day. Our results show that over the
training days in all experimental groups, the mean latency to
detect the hidden platform steadily reduced. On the first day,
the 6-AF-injected mice found the submerged platform quickly,
but the Dp-galactose-injected mice took longer to find it and
were able to get away. Despite having a significant amount of
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escape delay, the D-galactose-injected mice identified the
hidden platform successfully on days 2 and 3 (seconds). It is
interesting to note that mice treated with vitamin D showed
extraordinary learning abilities and that from days 2 to 5, the
escape latencies time were dramatically (p 0.01) reduced while
trying to recognize the submerged platform, practically
matching the performance of untreated mice. Figure 2A
shows how this delay significantly reduced from day 1 to day S
of the experiment in normal male albino mice, who were
shown to have very short escape latency. The latencies to the
submerged platform were simply greater in the p-galactose-
treated animals than those in the untreated mice, as shown in
Figure 2A. Figure 2A shows that the mice in the fourth group,
which only get the 6-AF therapy, also show better behavior as
the escape latency regularly decreases from day 1 to day S.
According to these findings, mice treated with D-galactose
appear to have memory issues and poor spatial learning. On
the other hand, mice treated with D-galactose and 6-AF
injections have considerably (p 0.01) reduced elevated
latencies to the platform (Figure 2A).

We recorded how much time each of the three groups spent
in the target quadrant on the 6th day, following the removal of
the submerged platform. The adult mice were set free to find
the concealed platform beneath the water. As a result, -
galactose-administered mice depleted less time (p 0.001) in the
target quadrant than untreated mice, although control mice
spent more time there. The mice who also got 6-AF to p-
galactose depleted considerably (p 0.001) more time
(compared to p-galactose-administered animals) in the target
quadrant, but less time (compared to control mice) there
(Figure 2B). The time that the 6-AF-treated mice spent at this
place was almost equal to the time that the usual control
animals spent there.

https://doi.org/10.1021/acsomega.3c01781
ACS Omega 2023, 8, 26955—-26964


https://pubs.acs.org/doi/10.1021/acsomega.3c01781?fig=fig2&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c01781?fig=fig2&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c01781?fig=fig2&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c01781?fig=fig2&ref=pdf
http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.3c01781?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

ACS Omega

http://pubs.acs.org/journal/acsodf

A

C D-Gal D-Gal+6-AF 6-AF

BACEI | = ” i ——

&

P-Actin | SRR e —— |

Relative Density
(AV)
e s

-
1

o

B BACE1
4
P<0.001

3.
2
‘@
c
a3, P00t
RS
5
[T}
o

14

0' T

o > < <
2 5 S
o o @
,0"’
AB <
P<0.001
P<0.001
> 3 <
oo’ &xbx» ¥
0,0

Figure 3. 6-AF reduced the concentration of BACEl and Af proteins against D-galactose in the mice brain. The histograms of the respective
relative densities from the western blot analysis of BACE1 and Af (A). The immunoblots of BACE1 and Af (B, C) with their respective histogram
are given. J-Actin was employed as a standard (loading control). The findings were calculated with Image]J software and a histogram exhibiting the
mean in A.U. SEM and given in arbitrary units (A.U.s). p < 0.01 and p < 0.001 are the statistical significance levels.

The experimental mice were put through a Y-maze test to
see how well they could recognize objects in their short-term
memory. The correct methodology was employed in this
experiment to determine the amount of spontaneous
alternation present in the three mice groups. The Y-maze
results revealed that the proportion of spontaneous alternation
was exceedingly low in D-galactose mice and extraordinarily
high in control animals (p 0.001). It was then followed by mice
treated with 6-AF alone. The third group of mice who got 6-
AF also showed a noticeably (p 0.001) higher percentage of
spontaneous alternation than animals just getting D-galactose
therapy, which is interesting (Figure 2C).

3.3. 6-AF Reduced the Amyloidogenic Pathway of
Ap-Synthesis. Oxidative stress load can increase the activity
of the enzyme that degrades the p-site amyloid precursor
protein (APP) in AD animal models and in human subjects
exposed to p-galactose for an extended period of time.””** For
this reason, western blotting was employed to evaluate BACE1
and A protein expression. The results show that continuous
treatment of D-galactose to the mice considerably (p 0.001)
boosted BACE1 and Af activities in the brain. Figure 3A—C
demonstrates that animals administered with D-galactose and
6-AF show dramatically decreased (p 0.001) BACEI activity,
hindering (p 0.001) the amyloidogenic pathway of A
formation. Figure X depicts the nonconsiderable effect on
BACEL and Ap proteins in the 6-AF alone-treated mice.

3.4. 6-AF Stimulated Nrf2 to Inhibit p-JNK and TNF-«a
against Oxidative Stress Caused by p-Galactose. It is
already well established that persistent D-galactose injections
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into mice or rats result in oxidative damage.”"** As described
in Figure 4A—E, we found that D-galactose dramatically
increased LPO while reducing SOD, POD, CAT, and GSH in
the current study. However, 6-AF greatly increased the
antioxidant enzyme’s activity and reduced oxidative stress.

The body’s antioxidant defense molecules Nrf2 are repressed
as a result of the burden of oxidative stress and are unable to
operate normally.'> Due to this, we used western blotting to
assess the levels of Nrf2, p-JNK, and TNF-a expression. Nrf2,
SIRT1, and HO-1 protein levels in the brain homogenates of
the experimental animals were considerably (p 0.001) reduced
as a result of prolonged p-galactose administration in mice,
according to the western blot data. It is noteworthy to note
that, as shown in Figure SA—D, administering mice with
vitamin D combined with pD-galactose enhanced and activated
antioxidant proteins such as SIRT1 (p 0.01), Nrf2 (p 0.01),
and HO-1 (p 0.01) against D-galactose-induced oxidative
stress.

3.5. Vitamin D Abrogated p-Galactose-Induced
Neuroinflammation. A neuroinflammatory cytokine storm
was triggered in the hippocampus by p-galactose, according to
earlier findings, which also activated NF-kB.”® The activation
of NF-kB in mouse brain homogenates was likewise
considerably (p 0.001) boosted by prolonged b-galactose
administration of mice, according to our findings. This is
followed by the considerably (p 0.001) increased expression
levels of its downstream signaling molecules, including the
TNF-a and IL-1 proteins. In the brain homogenates of the
mice exposed to both p-galactose and vitamin D combination,
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Figure 4. 6-AF restored the activities of D-Gal-suppressed antioxidant enzymes in the adult mice brain. The activities of antioxidant enzymes (A)
catalase, (B) superoxide dismutase, (C) peroxidase, (D) glutathione (GSH), and (E) lipid peroxidase (TBARS) were measured in experimental
mice brain supernatant homogenates treated with either d-galactose alone or in combination with 6-AF. The technique is detailed in the Materials
and Methods section. Each group’s findings are expressed as the mean SEM of (n = S) mice. p < 0.01 and p < 0.001 are significant.

vitamin D dramatically (p 0.001) decreased the expression of
NF-kB and signaling molecules, including TNF-a and IL-1
proteins. This demonstrates how vitamin D works to reduce
inflammation.

3.6. Molecular Docking. 6-Aminoflavone had a docking
score of —7.50. According to Figure 6, the substance
demonstrates a strong binding interaction with the Nrf2
receptor. The substance 6-aminoflavone interacted with the
receptor through two pi—pi interactions and one h-bond donor
(Table 1).

Vitamins have been suggested as AD treatment substances.
Among these, vitamins C, E, and D have generated a lot of
attention. According to in vivo studies, vitamin C’s powerful
antioxidant action®® reduced neuroinflammation and brain
oxidative damage. Additionally, it was shown that vitamin C
improved behavioral deterioration in an AD mice model by
reducing the production of Af oligomers and tau phosphor-
ylation. In vivo, the decrease in A levels”” and Af plaque
load”® was also noted. The antioxidant and anti-inflammatory

26960

properties of vitamin E, which is found in many fruits and
vegetables, were also demonstrated in vivo.”? Another in vivo
experiment showed that vitamin E decreased Af levels.*
Deficit in vitamin B12 has long been linked to neurological
issues and a higher risk of Alzheimer’s disease (AD), according
to certain research. Elevated homocysteine levels are a
particular symptom of vitamin B12 deficiency and can be
detrimental to the brain through oxidative stress, increased
calcium influx, and apoptosis. Complete blood counts,
measures of serum homocysteine levels, and tests for vitamin
B12 insufficiency can all be used to identify the condition.”"**

Ginkgo biloba has been studied as a possible therapy for
Alzheimer’s disease and other neurological conditions (Ginkgo
biloba L., Ginkgoaceae). In vitro studies have shown that
ginkgo biloba extract can prevent Af aggregation, lessen A
fibrillogenesis, and destabilize existent fibrils.>* The cognitive
and memory impairment in an AD rat model is ameliorated by
ginkgo biloba, according to strong in vivo experimental
data.”*** Ginkgo biloba also possesses anti-inflammatory and
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Figure 5. 6-AF inhibited Nrf2 and reduced p-galactose-induced neuroinflammation in adult mice. The histograms of the respective relative
densities from the western blotting investigation of the markers of neuroinflammation Nrf2, p-JNK, and TNF-a (A) are displayed in (B—D). We
used f-actin as the loading control. With ImageJ software, the data were computed, and a histogram showing the mean in A.U. SEM in arbitrary

units was created (A.U.). Both p < 0.01 and p < 0.001 are significant.

Figure 6. Binding interaction of the complex of 6-aminoflavone with
the Nrf2 receptor.

antioxidant effects. Ginkgo biloba supports the nonamyloido-
genic pathway of APP by enhancing f-secretase activity and
reducing the synthesis of A, according to in vivo studies.’®*’
Crocus sativus L., a plant in the Iridaceae family, has anti-

26961

Table 1. Docking Scores of Interacting Residues of the Nrf2
Receptor with the Compound 6-Aminoflavone

interacting residues interaction distance E (kcal/mol)
GLN H-donor 2.92 -1.8
TYR pi—pi 3.76 -0.0
TYR pi—pi 3.81 —0.0

) . L3839
inflammatory and antioxidant properties in vivo.”™”” A

aggregation and fibrillogenesis were reduced by this substance
in vitro.*" In vitro tests have shown that the European native
lemon balm (Melissa officinalis L., Lamiaceae) has antioxidant
properties. Because the f-secretase activity is inhibited, in vivo
investigations have demonstrated the efficacy of lemon balm
extract to enhance memory in an AD model.* In vivo
investigations have shown that green tea, or Camellia sinensis
(L.) Kuntze, Theaceae, produced by boiling and drying plant
leaves, is a significant source of antioxidants.*” By lowering
levels of Af oligomers™ and the hyperphosphorylated tau
protein,”* green tea also reversed the loss of spatial learning
and memory in an AD mouse model. Due to its in vivo anti-
inflammatory and antioxidant effects, sage (Salvia officinalis L.,
Lamiaceae) has a long history of use in European herbal
medicine.”” Szaniszlo et al. (2009)* conducted a clinical
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experiment to examine the impact of colostrinin on AD
patients. According to the findings, colostrinin treatment for
AD patients improved their everyday functioning and cognitive
abilities. Therefore, using this chemical as a treatment for AD
may be appropriate.

Levodopa and dopaminergic agonists are now being used to
address the fundamental pathophysiology of Parkinson’s
disease (PD); however, this only alleviates the motor
symptoms by reestablishing neurotransmission.”” Levodopa is
used with other dopaminergic medications, such as agonists of
the dopamine receptors, monoamine oxidase type B inhibitors,
and amantadine, an antagonist of the N-methyl-D-aspartate
(NMDA) receptor, to treat the fluctuation’s effects as they
manifest. "

The pathophysiology of Huntington’s disease is still poorly
understood, and no effective treatments have been found, 20
years after the genetics of the condition were identified. The
motor, mental, and cognitive aspects of HD are only partially
addressed by available therapeutic options.*’ Tetrabenazine
(TBZ), the exclusive treatment for chorea, is also infamous for
its drawbacks, including adverse medication interactions and
side effects.’® It has also been discovered to be successful to
treat early HD symptoms with mood stabilizers and selective
serotonin reuptake inhibitors (SSRIs).*” Due to the dearth of
effective medicines to reduce cognitive impairment in HD,
healthcare practitioners and families of HD patients have been
encouraged to combine an evidence-based treatment plan with
education and symptom alleviation methods.””' Succinate
dehydrogenase (SDH) modifications have been linked to HD,
and 3-nitropropionic acid (3-NP), a mitochondrial complex II
inhibitor and an irreversible SDH inhibitor, mimics neuro-
logical degeneration in animals and alterations in behavior,
biochemistry, morphology, and neuropathology that are
comparable to those seen in HD pathogenesis.””

Additional data showed that Nobiletin, ie. $,6,7,8,3",4'-
hexamethoxyflavone (NOB), inhibited inflammatory cytokines,
oxidative stress, and pro-apoptotic JNK activation, which were
all linked to the reversal of hepatocyte death. In fact,
accumulating ROS cause cytochrome ¢ release from
mitochondria, which activates apoptotic caspases and JNK in
hepatocytic cells. The JNK signal is very crucial in the process
of liver pathogenesis, which includes inflammation, hepatocyte
proliferation, and cell death, among the signals linked to acute
liver damage. The crucial process connected to JNK activation
and the subsequent death of hepatocytes is the ignition of
proinflammatory TNE-a by a number of stimuli.*”

Under typical circumstances, the oxidation of unsaturated
lipids in human tissues may be efficiently avoided. Several
enzymes are involved in in vivo redox homeostasis and keep
intracellular ROS at low levels, including glutathione
peroxidase and superoxide dismutase. With an accompanying
disturbance of redox circuitry and macromolecular damage,
oxidative stress in biological systems is characterized by an
imbalance between the creation of ROS and their elimination
by the antioxidant system.>*

In the present study, 6-AF is used as a potent drug against
neurodegenerative diseases like AD, PD, and HD because of
the reported antiproliferative, antioxidant, and anti-inflamma-
tory activities of 6-AF. As the concentration of D-galactose
increases in the human body due to aging, oxidative stress is
caused because of a decrease in the levels of SOD, POD, GSH,
and catalase and the increased concentration of LPO, which
are all antioxidant enzymes, so memory is affected and

declined, which leads to neurodegenerative diseases. Similarly,
Oxidative stress leads to disturbance in the p-Akt signaling
pathway. The inflammatory markers’ concentration increases
more than normal, which causes neuroinflammation. 6-AF
significantly inhibited BACE1 to reduce the amyloidogenic
pathway of Af (both amyloid  production and aggregation)
by upregulating Nrf2 proteins and suppressing phosphorylated
JNK and TNF-a proteins in adult albino mice’s brain
homogenates. The administration of 6-AF regulated the p-
Akt pathway by blocking the oxidative stress as well as
neuroinflammation caused by p-galactose in normal adult male
albino mice, revealing that 6-AF can be used as a potent drug
against neurodegenerative diseases (Figure 7).

Oxidative Stress }\
Figure 7. Suggested mechanism of 6-AF against memory impairment
brought on by p-galactose in adult male albino mice.

|
o
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The signaling pathway shows the theory behind 6-AF’s
defense against D-galactose-induced memory impairment in the
male adult albino mouse brain. It shows how 6-AF in a p-Akt-
dependent mechanism rescues D-galactose-induced multiple
AD neuropathology in a mice model.

4. CONCLUSIONS

The overall results of this study show that 6-AF is a potent
drug that reduces Dp-galactose-induced oxidative stress by
upregulating antioxidant enzyme expression/activation, which
reduces neuroinflammation. Additionally, by repairing the
neuronal synapse, 6-AF restored memory deficiencies in adult
albino mice. This work provides the first evidence that 6-AF is
a viable therapeutic approach for addressing memory loss and
compromised neuronal connections brought on by p-galactose.
Additionally, it was discovered in this study that 6-AF reduced
neuroinflammation by triggering the p-Akt pathway, which
safeguarded male albino mice against D-galactose. Last but not
least, 6-AF promotes the p-Akt signaling pathway to prevent p-
galactose-induced neurotoxicity, which results in memory
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impairment. More research on the anti-inflammatory and
antioxidative properties of 6-AF is needed.
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