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Background: Alzheimer's disease (AD) is the most common form of dementia,
which is among the top five causes of death in the United States. It
is a neurodegenerative disorder that causes permanent loss of memory
and cognition. The current pharmacotherapy for AD is based on providing
symptomatic relief only and has many side effects. There is a need for a safer,
disease-modifying drug for the treatment of AD.

Experimental approach: The PASS online software was used to screen
phytoconstituents based on their predicted effects on various AD-related
targets. Vanillin was selected as the compound of interest, as it has not been
researched elaborately on any animal model of AD. The acetylcholinesterase
inhibitory activity of vanillin was established in vitro. Thereafter, ameliorative
effect of vanillin was evaluated using the exteroceptive memory model in
scopolamine-induced cognitive impairment mice model.

Results: Vanillin showed an acetylcholinesterase inhibitory activity in vitro, and
the ICsq value was calculated to be 0.033 mM. Vanillin significantly reversed
the memory and behavioral deficits caused by scopolamine as demonstrated
by significant improvement in memory in negative reinforcement, elevated
plus maze, and spatial learning paradigms. Vanillin also proved to have
a nootropic effect. Also, vanillin proved to have significantly better
antioxidant and acetylcholinesterase inhibitory effects in vivo than donepezil
hydrochloride. The potential anti-AD activity of vanillin was also confirmed by
the reduction in IL-6 levels and TNF-a levels.

Conclusion: Our results suggest that vanillin is a safe and effective natural
drug candidate having a great potential for the treatment of AD. However,
more research is required to evaluate its effect on A beta plaques and Tau
neurofibrillary tangles in vivo.

acetylcholinesterase, Alzheimer's disease, antioxidant, dementia, scopolamine,
vanillin
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Introduction

Dementia is more of a progressive disorder manifesting
impairment in memory and cognitive abilities than a disease.
Neurodegenerative dementia is age-dependent and has an
estimated prevalence rate of 20% in geriatric individuals
(more than 80 years of age). Alzheimers disease (AD) is
the most common form of dementia (Anand et al., 2017a;
Sharma et al, 2017). AD incorporates events ranging from
early memory lapses to patient being functionally dependent.
Ultimately, death is inevitable (Neugroschl and Wang, 2011).
The pathological hallmarks of AD include deposition of
amyloid beta (AB) plaques and tau neurofibrillary tangles
(Nisbet et al.,, 2015; Morgese et al., 2017), decrease in brain
acetylcholine (ACh), overexpression of acetylcholinesterase
(AChE), and glutamate excitotoxicity (Francis, 2005). Oxidative
stress plays a major role in the development of AD because
of its neurodegenerative impact (Huang et al, 2016). The
current pharmacotherapy for AD involves the usage of
acetylcholinesterase (donepezil, rivastigmine, and galantamine)
and NMDA glutamate (memantine) inhibitors, both of which
only provide symptomatic relief along with several side effects
(Anand et al., 2017b). There is a need for a safer, more effective,
and disease-modifying drug for the treatment of AD (Geerts
et al., 2017; Musardo and Marcello, 2017).

PASS online is a type of software that predicts the biological
activity of compounds based on 2D structures and canonical
SMILES (Marwaha et al.,, 2007). In the present study, it has
been used to screen the compound of interest, i.e., vanillin for
its predicted effects on AD-related targets. In previous studies,
vanillin has been reported to have an A disintegratory effect
in vitro (Song et al., 2016) and an antioxidant effect in vivo
(Dhanalakshmi et al., 2016).

In the present study, an in vivo evaluation of vanillin has
been conducted on a scopolamine-induced dementia model
of mice for its neuroprotective, antioxidant, and ameliorative
effects. Scopolamine is a parasympatholytic agent that has
been reported to produce amnesia in humans along with
causing impairment of cognitive processes in animals. It alters
the activity of multiple genes that play a role in cholinergic
signaling pathways mediated by muscarinic receptors, apoptotic
cell death of neurons, and cell differentiation in the brain.
Cortical parasympathetic neurons are subjected to malfunction
and degeneration, which is not different from the cognitive
impairment that is seen in the AD type of dementia (Licben
et al.,, 2005). Administration of scopolamine causes elevation
in the levels of reactive oxygen species, consequently leading

Abbreviations: Ach,
Alzheimer's disease;
glutathione; SMILES,
TBARS, thiobarbituric acid-reactive substances;
TNF-a, tumor necrosis factor-alpha.

acetylcholine; AChE, acetylcholinesterase; AD,
ANOVA, analysis of variance; GSH, reduced
simplified molecular-input line-entry system;
IL-6, Interleukin-6;
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to oxidative stress. Scopolamine has also been reported to
cause behavioral deficits (Goverdhan et al., 2012; Abd-El-Fattah
et al,, 2014). Chronic administration of scopolamine can also
induce amyloid beta deposition, synaptic dysfunction, and
learning/memory impairment, as seen in AD (Chen et al., 2014).
Therefore, prolonged administration of scopolamine in animals
is commonly used to develop an animal model of AD that
mimics general human dementia, specifically for AD (Ogura
et al., 2000; Blokland et al., 2006; Kwon et al., 2009).

Based on previously reported endpoints in the literature,
inhibitory activity is a measure of the memory-enhancing
potential of acetylcholinesterase (Tabet, 2006). Also, assessment
of escape latency (Bromley-Brits et al., 2011), step-down latency,
and transfer latency (Habibyar et al., 2016) serves as a measure
of enhancement in memory and cognition. Evaluation of various
biochemical parameters like TBARS, GSH, and catalase activity
is the measure of antioxidant and therefore neuroprotective
activities of the compound (Habibyar et al,, 2016). IL-6 (Lyra
e Silva et al, 2021) and TNF-a (Chang et al,, 2017) have
been reported to play a pivotal role in the pathogenesis
and progression of neurodegenerative disorders, such as AD.
Therefore, in the present study, the ameliorative effect of vanillin
on scopolamine-induced dementia has been evaluated in the
aforesaid parameters.

Materials and methods

PASS online program

Vanillin has been shown to exhibit neuroprotective and
other associated activities, which strongly rationalize its
evaluation for anti-dementia effect. Furthermore, the PASS
program has been employed to affirm the rationale. PASS is
an online type of software that predicts the pharmacological
activities of various compounds. Numerous studies have been
reported that employed the assistance of the PASS program
for predicting the biological activities of chemical substances
(Marwaha et al., 2007; Goel et al., 2010; Khurana et al., 2011).
The probable activity of vanillin for its effect on dementia
and parameters related to oxidative stress was analyzed using
this program (Anand et al., 2017c). After the aforementioned
activities were predicted, the in vivo study was carried out using
a scopolamine-induced dementia-like cognitive impairment
model of mice.

Evaluation of acetylcholinesterase
activity of vanillin (in vitro)

Acetylcholinesterase is an enzyme that is responsible

for the hydrolysis of acetylcholine. As established by the
cholinergic hypothesis of AD, decreased level of ACh in the
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brain is responsible for the decline in cognition and memory
(McGleenon et al., 1999; Francis, 2005; Garcia-Alloza et al.,
2005). Therefore, acetylcholinesterase inhibitory activity is a
desirable characteristic for a compound to be taken as a potential
drug candidate for the treatment of AD.

The acetylcholinesterase activity of vanillin was evaluated
using modified Ellman’s method (Ellman et al., 1961; Atta-ur-
Rahman and Choudhary, 2001; Hasnat et al., 2013).

To 1,500 L of Sorenson’s phosphate buffer (pH 8), 100 pl
of a vanillin solution was added. To this solution, 200 l of
an acetylcholinesterase enzyme (from electric eel) solution (0.1
units/ml) was added, and the solution was incubated at 25°C for
15 min. Then, 100 pl of Ellman’s reagent, i.e., DTNB (10 mM)
was added to the above solution. The reaction was started by
adding a substrate, i.e., 100 pl of acetylcholine bromide (14 mM)
solution. The hydrolysis of the substrate was measured by the
formation of the 5-thio-2-nitobenzoate anion (a colored product
formed when the thiocholine released from ACh reacts with
DTNB). The absorbance of the sample was measured at 410 nm
after 10 min using a double-beam UV spectrophotometer
(Shimadzu). Donepezil at a final concentration of 10 uM in the
assay was employed as a positive control, and the same process
was followed. The inhibitory activity of vanillin was calculated
by using the formula:

Percentage inhibition =

(1 — absorbance of sample/absorbance of control) x 100.

The assay was repeated for various concentrations of
vanillin. All the concentrations were assayed in triplicate.

The concentration of vanillin that inhibited the hydrolysis
of acetylcholine by 50% (ICsp) was determined by linear
regression analysis between percentage inhibition and the
concentration in the Microsoft Excel program (Nifo et al,
2006; Saleem Ali-Shtayeh et al, 2014). Assay solutions
were made at concentrations in the range 107°-107° M
(Hamulakova et al., 2017).

Animals

Adult Swiss albino mice (either sex; 20-30 g each) were
procured from the National Institute of Pharmaceutical
Education and Research (NIPER), S.A.S. Nagar, Punjab (a
CPCSEA-registered breeding facility). The animals were
transported by road using the institutional van to avoid
transport stress. Polypropylene cages of appropriate size
were provided to enable the animals to have comfortable,
free movements and protection from possible injuries.
Food and water were provided in suitable containers and
appropriate forms to ensure that they get adequate food
and more particularly water during transit. They were kept
in the central animal house facility at Lovely Institute of
Technology (Pharmacy),

Lovely Professional University
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(Phagwara, Punjab) registered with the Committee for
the Purpose of Control and Supervision on Experiments
on Animals (CPCSEA). The animals were given 12-h
light and 12-h dark cycles and were kept under ambient
temperature and humidity conditions. Food and water were
given ad libitum. All the procedures were conducted as
per the guidelines of CPCSEA. The protocol for the use of
animals for this study was approved by the Institutional
Animal Ethics Committee, Lovely Professional University
(Phagwara, Punjab).

Drugs and chemicals

Scopolamine  hydrobromide trihydrate and the
acetylcholinesterase enzyme (from electric eel) were
purchased from Sigma-Aldrich (now Merck). Donepezil
hydrochloride monohydrate was received ex gratis
from Wockhardt Research Center, Aurangabad,
Maharashtra  (India). Vanillin was purchased from
LobaChemie Pvt. Ltd., Mumbai, Mabharashtra
(India).

Experimental design

Exteroceptive memory model

The animals were assigned to four different groups (n = 5/6).
Group 1 served as a control group that received the vehicle
(normal saline) as a drug at a volume of 5 ml/kg through
the p.o. route for 10 consecutive days. Group 2 served as the
standard treatment group (Dpz per se) and was administered
donepezil hydrochloride (5 mg/kg) in normal saline (5 ml/kg
p.o.) for 10 consecutive days. Groups 3 and 4 served as test drug
treatment groups (V10 and V20 per se) and were administered
vanillin (10 mg and 20 mg/kg p.o., respectively, in 5 ml/kg
normal saline) for 10 consecutive days (Dhanalakshmi et al.,
2016; Habibyar et al., 2016).

Scopolamine-induced dementia model

All the mice were assigned to five groups (n = 5/6).
Group 1 served as the vehicle control and received 5 ml/kg
normal saline (p.o. and i.p.). Group 2 (Sco per se) was
the negative control/disease control that was administered
scopolamine hydrobromide trihydrate 2 mg/kg (i.p.). Group
3 (Dpz + Sco) served as the standard treatment group
that received the standard drug, i.e., donepezil hydrochloride
monohydrate 5 mg/kg (p.o.) and scopolamine hydrobromide
trihydrate 2 mg /kg (i.p.). Groups 4 and 5 (Vio + Sco
and Vy + Sco) received vanillin (10 and 20 mg/kg, p.o.
respectively) along with scopolamine hydrobromide trihydrate
2 mg/kg (i.p.). All of the mentioned treatments were
conducted for 10 consecutive days (Goverdhan et al.,, 2012;
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Dhanalakshmi et al., 2016; Habibyar et al., 2016). Sterile normal
saline was used to prepare all the drug solutions under aseptic
conditions.

Evaluation of locomotor activity

For the evaluation of spontaneous locomotion in the test
mice, locomotor activity was assessed. Each animal was subject
to the test in an actophotometer (Inco, India) individually.
The instrument comprised a square activity chamber. For
facilitating the placement and removal of the mice, the
chamber had a removable opaque lid. There were 12 holes
close to the bottom of the activity chamber. Photoelectric
emitters and receivers were attached to the holes. The sensors
are arranged in a manner such that any movement of a
mouse will block the light beam’s path associated with at
least one sensor, and gets registered and is displayed on the
digital activity meter.

Each mouse was individually placed in the activity chamber
for 5 min (after half an hour of i.p. treatment and/or 1 h of oral
treatment). The locomotor activity of the animals was recorded
on the 0Oth, 2nd, 5th, and 9th days of the treatment (Khurana
etal., 2011; Nazari et al., 2013; Habibyar et al., 2016).

Evaluation for ameliorative effect on
the basis of behavioral parameters

The memory of the animals was evaluated by the step-
down latency (SDL) test in passive avoidance paradigm, the
transfer latency (TL) test in elevated plus maze paradigm
(Vasudevan and Parle, 2008; Khurana et al,, 2011), and the
escape latency (EL) test in Morris Water Maze paradigm
(Bromley-Brits et al., 2011).

Transfer latency test

The TL test was conducted using an “elevated plus maze”
as a behavioral model for evaluation of memory and cognition
in mice. The protocol, method, and end point for the test were
based on the parameters given in some previous investigations
(Parle et al., 2004; Dhingra and Kumar, 2012). The apparatus
consisted of two closed arms (16 cm x 5 cm x 15 ¢cm) and two
open arms (16 cm x 5 cm) extending from a central platform
(5 cm x 5 cm). The maze was placed at an elevation of 25
cm from the ground. During the acquisition trial, each mouse
was gently kept at the edge of one open arm, facing away
from the central platform. TL was defined as the time taken
by the animals to enter (with all its four paws) in either of
the closed arms from the open arm. For acquisition, TL was
recorded for all the animals on the 10th day of the protocol
individually. If an animal failed to enter into either of the closed
arms within the cutoff time of 90 s, it was gently guided with
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hands into either of the two closed arms and TL was recorded as
90 s. The mice were left to explore the maze for 2 min before
returning them to the home cage. Memory, as indicated by
the retention of this learned task, was evaluated on the 11th
day of the protocol, i.e., 24 h after the acquisition trial was
concluded.

Parameters

Significant decrease in TL value during the retention tests
indicates improvement in memory. However, it should be noted
that if the drug under evaluation has a sedative effect or leads
to muscular incoordination, then it may cause interference
in the proper evaluation of retention. TL will appear to
be decreased post-drug administration during the retention
phase of the evaluation; therefore the drug may show false
negative results.

Step-down latency test

Negative reinforcement-based passive avoidance was used
to evaluate the memory of the mice (Kameyama et al., 1986;
Sharma and Kulkarni, 1990; Khurana et al., 2011; Habibyar
et al, 2016). The step-down paradigm apparatus comprised
of a box (27 cm x 27 cm x 27 cm) having three walls of
wood and one of Plexiglass. It contained a grid floor which
is made up of 3-mm stainless steel rods set 8 mm apart. It
consist of an insulated platform, made of thick plastic sheet
(10 cm x 7 cm x 1.8 cm) in the center of the grid floor.
The apparatus was illuminated with a 15-W bulb during the
experimental period. Electrical shock was delivered via the grid
floor.

In the training test on the 10th day of the protocol,
each mouse was placed gently on the plastic platform kept
in the middle of the grid. As soon as it descended with
all its four paws, a foot shock was delivered for a duration
of 1 s (50 Hz, 1.5 mA), and the mouse was immediately
returned to the home cage. The step-down latency (SDL)
was recorded as the time taken by the animals to step down
from the plastic platform to the grid floor with all its four
paws. A retention test was performed on the 11th day of the
protocol. The mouse was placed on the platform as before
and the SDL was recorded. The cut-off time for the SDL test
was kept at 60 s.

Parameters

The SDL during acquisition and retention trials was
recorded. Prolongation of SDL suggests improvement in
memory. However, it should be noted that if the drug
under evaluation has a sedative effect or leads to muscular
incoordination, then it may cause interference in the accurate
evaluation of retention. SDL may appear to be increased post-
drug treatment during the retention phase of the evaluation;
therefore, there may be a possibility of obtaining false
positive results.
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Escape latency test

The Morris Water Maze (MWM) was established by Morris
(1981) a neuroscientist, in for evaluation of hippocampus-
dependent learning (including acquisition of spatial memory
and retention of the same) (Morris, 1981). The MWM is
a relatively simple paradigm generally comprising trials
running for a period of 6 days. The merits of this procedure
include efficient differentiation between “non-spatial” (visible
platform) and “spatial” (hidden platform) conditions and
reduction in interference due to odor trail (Scoville and
Milner, 1957; O’Keefe, 1979; Eichenbaum et al., 1990; Block,
1999). The MWM plays a pivotal role while validating
rodent models for “neurocognitive disorders” like AD
(Bromley-Brits et al., 2011).

The tendency of rodents to escape from water is relatively
independent of variations in activity or body mass, thereby
making it apt for several experimental models (Vorhees and
Williams, 2006). The modified protocol by Bromley-Brits et al.
(2011) was used as described below:

Pre-experimental preparation

A circular pool was taken with a diameter of 150 cm and
depth of 50 cm. Because albino mice were used, the pool was
colored black from the inside. The arrangement was made
using plastic sheet dividers so the animals could not see the
experimenter during the trials. Some “high-contrast spatial
cues” were placed in the room and the inside of the pool above
the surface where water would be. A 10 cm X 10 cm platform
was placed in the pool. The pool was filled with water until the
surface of water was just 1 cm below the surface of platform.
The water was allowed to equilibrate to 22°C. The temperature
should be kept constant throughout the protocol. The pool was
divided into 4 quadrants.

Day 6 (Training trial)

The mice were brought from the housing area to the
experimental room. The cages were kept in an area where the
mice could not see the pool or the spatial cues. A period of
30 min was allowed for acclimatization. A flag was placed on
the platform to make it more visible.

A mouse to be tested was lifted by the base of its tail and
supported on a sponge as it was being brought to the testing
area. The mouse was gently placed in the water facing the edge
of the pool by lifting it up by the base of its tail. The testing area
was immediately evacuated, and observations were made from a
place invisible to the mouse.

If the mouse found the platform before the cutoff time of
60 s, it was allowed to remain on the platform for 5 s before
being returned to its home cage. If the mouse could not find
the platform within 60 s, it was directed toward the platform
and was allowed to remain on it for 20 s before being returned
to its home cage. The procedure was repeated for all the mice
in the trial. Each mouse was subjected to 5 trials in a day with
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an inter-trial difference of 5 min. Each trial was initiated from a
different starting direction. The EL, i.e., the time taken by each
mouse to climb the platform, was recorded. After the testing
was completed, the mice were dried off, and normothermia was
ensured before returning them to the housing area.

Days 7-10 (Acquisition trials)

The water was made opaque by adding a titanium dioxide
suspension, and more water was added so that the platform is
submerged 1 cm below the surface of the water. The flag was
removed from the platform. The procedure was repeated as
above for all the mice on all days.

Day 11: Probe trial (Retention)

The platform was removed from the pool. The starting
direction was kept same for all the trials, i.e., the direction
farthest from the platform quadrant on previous days. The
same procedure as above was repeated. The time of entry
into the target quadrant (the quadrant that previously housed
the platform), time spent in the target quadrant, and number
of crossings near the position of the platform on previous
days were recorded.

Parameters

A decrease in EL is regarded as an improvement in learning.
A higher percentage of time spent in the target quadrant
during the probe trial is interpreted as a higher level of
memory retention.

Biochemical estimation

With the conclusion of behavioral studies on the last day
of the protocol, the animals were sacrificed. For assessment
of biochemical parameters, the animals were euthanized
by decapitation after cervical dislocation. The brains were
immediately removed, and the cortical and hippocampal regions
were separated on ice. The weight of the isolated parts was
recorded and, in turn, the tissues were homogenized (10%
w/v homogenate) using 0.1 M phosphate-buffered saline (PBS,
pH = 7.4). Then, the mixture was centrifuged in a cooling
centrifuge at 10,000 g (at 4°C for 15 min) to remove unnecessary
cellular components (Habibyar et al.,, 2016). The supernatant
obtained was employed to estimate thiobarbituric acid-reactive
substances (TBARS) (Ohkawa et al., 1979), reduced glutathione
(GSH) (Beutler et al., 1963), catalase (CAT) (Aebi, 1984), and
acetylcholinesterase (AChE) (Ellman et al., 1961). Total protein
concentration was estimated using the biuret kit method. The
observations were made in triplicate.

Estimation of thiobarbituric acid-reactive
substances

Oxidative stress is a consequence of generation of
reactive oxygen species. Some of these species are stable
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(malondialdehyde) while others are transient (hydroxynonenol)
(Miyata and Smith, 1996; Subramaniam et al., 1998; Keller
et al.,, 2000; Pedersen et al., 2000). In determination of TBARS,
evaluation of malondialdehyde is particularly important. It is
necessary to measure the amount of TBARS for estimation of
the antioxidant effect of treatment on brain tissue.

Procedure for TBARS estimation in the brain cortex and
hippocampus of mice

The supernatant of the tissue homogenate was used to
estimate TBARS. In a test tube, 0.2 ml of the homogenate
supernatant was pipetted out. Furthermore, 0.2 ml of 8.1%
sodium dodecyl sulfate, 1.5 ml of 30% glacial acetic acid
(pH 3.5), and 1.5 ml of thiobarbituric acid were added to
the test tube, and a final volume of 4 ml was made using
distilled water. For 1 h, the test tubes were kept in an
incubator at 95°C. After 1 h, the test tubes were taken out
from the incubator and the contents were allowed to cool.
One ml of distilled water was added followed by addition
of 5 ml of 15:1 v/v mixture of n-butanol-pyridine. For
10 min the tubes were centrifuged at 4,000 g (at 4°C). The
absorbance of the developed pink color of the supernatant
was measured using a double beam UV spectrophotometer
(Shimadzu, Japan) at 532 nm. A calibration curve was
prepared using different nanomolar concentrations of 1,1,3,3
tetramethoxypropane. The TBARS value was expressed as
nM/mg of protein (Ohkawa et al., 1979). The observations were
made in triplicate.

Estimation of reduced glutathione (GSH)
The GSH content in the tissue was estimated using the
method of Beutler et al. (1963).

Procedure for GSH estimation in the brain cortex and
hippocampus of mice

Trichloroacetic acid 10% w/v was added to the homogenate
supernatant equal volumes (300 pl of each). For 10 min,
the contents of the tubes were centrifuged at 1,000 g
(at 4°C). After centrifugation, 0.5 ml of the supernatant
obtained was added to 2 ml of 0.3 M disodium hydrogen
phosphate. Then, a fresh 0.001 M solution of DTNB
[5,5-dithiobis (2- was prepared by
dissolving it in 0.25 ml of 1% w/v sodium citrate. It

nitrobenzoic acid)]

was added to the previous solution, and absorbance was
noted using the double beam UV spectrophotometer at
412 nm. A standard curve was plotted using a range of
serial dilutions of a reduced form of glutathione (10-
100 wM), and the results were expressed in WM of the
reduced glutathione/mg of protein. The observations were
made in triplicate.

Estimation of catalase activity
The catalase activity was estimated using the method of Aebi
(1974).
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Procedure for estimation of CAT activity in the brain
cortex and hippocampus of mice

Fifty microliters of the homogenate supernatant was added
to a cuvette (3 ml) that already contained 1.95 ml of 50 mM
phosphate buffer (pH 7). One milliliter of hydrogen peroxide
(30 mM) was added to the contents of the cuvette, and changes
in absorbance were recorded at intervals of 15 s for a period of 30
s at 240 nm (0, 15, and 30 s. The catalase activity was calculated
using the millimolar extinction coefficient of H,O; (0.071 mmol
cm™ 1), and the activity was expressed as micromoles of H,O;
oxidized/min/mg protein using the following equation:

3 O.D.
¢ X V X mg of protein

CAT activity =
where “d O.D.” is the change in absorbance/min; “¢” is the
extinction coefficient of hydrogen peroxide (0.071 m mol cm ™),
and “V” is the volume of sample in ml. The observations were
made in triplicate.

Estimation of AChE activity

The cortical and hippocampal AChE activities were
measured with the method of Ellman et al. (1961) with
a slight modification (Khurana et al, 2011). This was
estimated utilizing the formation of yellow color following
the reaction between thiocholine and dithiobisnitrobenzoate
ions. The rate at which thiocholine was formed from
acetylcholine iodide in the presence of the brain cholinesterase
the double beam UV

enzyme was measured using

spectrophotometer.

Procedure for estimation of AChE activity in the brain
cortex and hippocampus of mice

One hundred pL of the homogenate supernatant was taken
in a test tube. It was diluted using a fresh solution of DTNB
(100 mg DTNB in 1,000 ml of Sorenson phosphate buffer;
pH 8). The final volume was made 5 ml, which was further
split into two parts of 2.5 ml each. Into one of the test tubes
containing 2.5 ml of the previous solution, two drops of a
donepezil hydrochloride solution were added. One ml of a
substrate solution (acetyl choline chloride) was added in both
the test tubes. The test tubes with donepezil hydrochloride were
used as individual blanks for each set of the samples. The change
in the absorption/min of the test sample was recorded using
the double beam UV spectrophotometer at 420 nm (at 0, 1,
and 2 min). AChE activity was calculated using the following
formula:

R— 3 O.D. X vol. of assay
" & X mg of protein

« »

where “R” is the rate of enzyme activity in the “n” mole

of acetylcholine chloride hydrolyzed/min/mg protein,
“d O.D.” is change in absorbance/min, and “¢” is
extinction coefficient (13,600/M/cm). The observations

were made in triplicate.
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Estimation of total protein in the cortex and
hippocampus

Total protein was estimated according to the biuret method
with a slight modification. The procedure was followed as given
in the inserted instructions in the total protein estimation kit by
Erba Mannheim (2017).

The following formula is used to calculate the quantity of
total proteins:

Total protein (g/dl) =

Absorbance of test

C trati f standard (g/dl
Absorbance of standard>< oncentration of standard (g/dl)

The above formula is used to estimate the total protein in
10% w/v brain homogenate in PBS. The exact quantity of protein
was converted to mg/dl weight of brain tissue (i.e., brain cortex
and hippocampus). The observations were made in triplicate.

Estimation of mouse IL-6 and TNF-a

The supernatant of the mice brain regions was analyzed
for estimation of the parameters according to the instructions
provided by Raybiotech United States. Mouse IL-6 and TNF-
a monoclonal antibodies were pre-coated to all the wells of
a microplate. All the reagents were kept at room temperature
(25°C) before using them. A 100-pl standard and 100-pl
supernatant of the cerebral cortex and the hippocampus were
pipetted into standard and test wells. It was placed for 2.5 h
at room temperature (25°C) with gentle shaking. After 2.5 h,
the solution was removed and washed 4 times with 300 .l
washing buffer to remove unbound antibody enzymes using
a pipette and dried properly by inverting a microplate on
paper. One hundred microliters of 1 x biotinylated antibody
was added to all the wells of the microplate, placed for 1 h
at 25°C with gentle shaking, and we repeated the above
washing step. Streptavidin solution 100 wl was added to all
the wells, kept at 25°C for 45 min with gentle shaking, and
we repeated the above washing step. Furthermore, 100 vl
TMB one-step substrate reagent was pipetted to all the
wells and placed for 30 min at 250°C. A stop solution of
50 pl was put into each well. Immediately, using an ELISA
plate reader, the absorbance was measured at a wavelength
of 450 nm. The mouse IL-6 and TNF-a concentrations
were calculated using a standard plot of mouse IL-6 and
TNF-a. This unit was expressed as mouse IL-6 and TNEF-
o (pg/ml).

Statistical analysis

The results were reported as mean + SEM. A two-way
analysis of variance (ANOVA) was conducted for statistical
analysis of behavioral parameters. A one-way analysis of
variance (ANOVA) was also conducted for biochemical
estimation. The statistical significance of the results was
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considered at P < 0.05, P < 0.01, and P < 0.001 values by
Tukey’s test. All the statistical analyses were carried out using
Sigma Stat 4.0 v.

Results

PASS-predicted analysis of vanillin
(in silico)

The Pa value for various AD related targets as obtained from
PASS software have been illustrated in Table 1.

In vitro acetylcholinesterase inhibitory assay of
vanillin

The (x)
to 50% inhibition was —4.47, and the ICsy value was
calculated to be 0.033 mM (Figure 1).

log molar concentration corresponding

In vivo study (exteroceptive memory
model)

Effect of vanillin on locomotor activity
Effect of vanillin and other treatments on locomotor activity
in exteroceptive memory model has been illustrated in Figure 2.

Locomotor activity on the Oth day

The difference between the locomotor activities of all the
treatment groups within the Oth day was not found to be
statistically significant.

Locomotor activity on the 2nd day
The group
hydrochloride showed a significant (P < 0.05) increase in

Dpz per se receiving only donepezil
locomotor activity with respect to the same group on the Oth
day as well as a significant (P < 0.001) increase in locomotor
activity with respect to the control group receiving only normal
saline within the 2nd day. The Vg per se group receiving only
vanillin (10 mg/kg) exhibited a significant (P < 0.05) increase
in locomotor activity with respect to the same group on the 0th
day as well as a significant (P < 0.001) increase in locomotor
activity with respect to the control group within the 2nd day.
The locomotor activity for the Vo per se group receiving only
vanillin (20 mg/kg) was significantly (P < 0.001) increased
with respect to the same group on the 0th day, significantly
(P < 0.001) increased with respect to the control group within
the 2nd day, and significantly (P < 0.01) increased with respect
to the Dpz per se group within the 2nd day. Vanillin treatment
dose dependently increased the locomotor activity.

Locomotor activity (5th day)
The Dpz per se group has shown a significant (P < 0.05)
increase in locomotor activity with respect to the same group
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Predicted pharmacological activity (P, value)

Canonical SMILES (obtained

TABLE 1 Prediction of potential anti-dementia and antioxidant activities (Pa) of compounds with the PASS software.
Compound
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from PubChem)

Glutathione hydrogenase

Catalase
stimulant

Anti-Af Anti-dementia Free radical
scavenger

aggregatory

Anti-
amyloidogenic

(ascorbate) inhibitor

0.366

0.546 0.178

0.132 0.445

0.114

=CC(=C1)C=0]0

COCl1 =C[C

Vanillin

Only probable activity (P,) greater than probable inactivity (P;) has been considered.
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on the Oth day. Also, a significant (P < 0.001) rise in the
locomotor activity was observed in Dpz per se treated animals,
when compared to the vehicle control group within the 5th day.
The V) per se group exhibited a significant (P < 0.001) increase
in locomotor activity with respect to the same group on the Oth
day as well as a significant (P < 0.001) increase in locomotor
activity with respect to the control group within the 5th day.
The locomotor activity for the Vo per se group was significantly
(P < 0.001) higher with respect to the same group on the Oth
day. A significant (P < 0.001) increase in the locomotor activity
of the Vyoper se group was observed with respect to the vehicle
control group within the 5th day. Treatment with the vanillin
dose dependently increased the locomotor activity.

Locomotor activity (9th day)

The locomotor activity for Dpz per se group was significantly
(P < 0.001) higher with respect to the same group on the Oth day
as well as significantly (P < 0.001) increased than that for the
vehicle control group within the 9th day. The Vi per se group
showed a significant (P < 0.01) increase in locomotor activity
with respect to the same group on the 2nd and 5th days. The
vanillin treatment increased the locomotor activity in a dose-
dependent manner. Both the vanillin-treated groups, Vo per se
and Vygper se, have shown a significant (P < 0.001) increase
in the locomotor activity with respect to the control group
within the 9th day. The Vy per se group showed a significantly
(P < 0.05) higher locomotor activity with respect to the same
group on the 5th day. The locomotor activity of the Vg per se
group was significantly (P < 0.05) higher than that of the Dpz
per se group within the 9th day.

Effect of vanillin on step-down latency

On 10th day, i.e., the training test, the Vo per se and
V2o per se groups showed significantly (P < 0.01) lesser SDL
than the control group and significantly (P < 0.05) lesser SDL
than the Dpz per se group. During the retention test, the SDL
for the Vig per se and Vo per se groups were significantly
(P < 0.01) increased with respect to the control group. The
SDL for the Vg per se and Vy per se groups was significantly
increased (P < 0.001) with respect to the SDL of same groups
on the 10th day. The Dpz per se group exhibited significantly
(P < 0.001) higher SDL than the Vo per se and Vy per se
groups. The vanillin treatment increased the SDL in a dose-
dependent manner with respect to the control group (Figure 3).

Effect of vanillin on transfer latency

On the 10th day, the Dpz per se, Vi per se, and Vyy per
se groups showed higher TL than the control group. However,
the TL for vanillin-treated groups V¢ per se (receiving vanillin
10 mg/kg) and Vg per se (receiving vanillin 20 mg/kg) showed
a significantly (P < 0.05) higher TL than that for the control
group. On the 11th day, the Vyo per se group showed a
significantly (P < 0.05) lesser TL than the control group. The TL
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FIGURE 1
Percentage inhibition of acetylcholinesterase by vanillin. Solid line shows the % inhibition of AChE by vanillin v/s log molar concentration.
Dotted line shows the regressed line.

Locomotor Activity for Exteroceptive Memory Model
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FIGURE 2

Effect of vanillin and other treatments on locomotor activity. Data are expressed as mean + SEM. "***" denotes P < 0.001 with respect to the
vehicle control group within the same day. “##" denotes P < 0.01 with respect to the standard treatment group within the same day, and "#"
denotes P < 0.05 with respect to the standard treatment group within the same day. “aaa” denotes P < 0.001 with respect to the same group
during the Oth day, and “a" denotes P < 0.05 with respect to the same group during Oth day. "bb” denotes P < 0.01 with respect to the same

group during the 2nd day. “cc” denotes P < 0.01 with respect to the same group during the 5th day, and “c” denotes P < 0.05 with respect to
the same group during the 5th day.

for the Vg per se and Vo per se groups was significantly lesser Effect of vanillin on escape latency

(P < 0.001) with respect to the same groups on the 10th day. Acquisition trials (Figure 5)

The Dpz per se group receiving only donepezil hydrochloride Training trial

exhibited a significant (P < 0.01) decrease in TL with respect to The Dpz per se group receiving only donepezil
the same group on the 10th day (Figure 4). hydrochloride showed a significantly (P < 0.01) lesser EL
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Step Down Latency for Exteroceptive Memory Model
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FIGURE 3

Effect of vanillin and other treatments on step-down latency.
Data are expressed as mean + SEM. "***" denotes P < 0.001
with respect to the control group within the same day, and "**"
denotes P < 0.01 with respect to the control group within the
same day. “###" denotes P < 0.001 with respect to the standard
treatment group within the same day, and “#" denotes P < 0.05
with respect to the standard treatment group within the same
day. "aaa” denotes P < 0.001 with respect to the SDL of the
same group on the 10th day of the treatment.

Transfer Latency for Exteroceptive Memory Model
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FIGURE 4

Effect of vanillin and other treatments on transfer latency. Data
are expressed as mean + SEM. "*" denotes P < 0.05 with respect
to the control group within the same day. "aaa” denotes

P < 0.001 with respect to the TL of the same group on the 10th
day of the treatment, and “aa” denotes P < 0.01 with respect to
the TL of the same group on the 10th day of the treatment.

than the control group receiving only normal saline. Vanillin-
treated groups Vg per se (receiving vanillin 10 mg/kg) and Vo
per se (receiving vanillin 20 mg/kg) exhibited a significantly
(P < 0.001) lower EL than the control group. The EL of the V5
per se group was significantly (P < 0.001) lesser than that of the
Dpz per se group.
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Acquisition trial 1

The EL for all the treatment groups within acquisition trial
1 was reduced significantly (P < 0.001) with respect to their
counterparts during the training trial. The Dpz per se group,
V1o per se group, and Vaoper se group showed significantly
(P < 0.001) reduced EL than the control group. The vanillin
treatment dose dependently decreased the EL. The EL for both
the vanillin-treated groups, Vo per se and Vi per se, was
significantly (P < 0.001) lesser than that for the Dpz per se group.

Acquisition trial 2

The control group showed a significantly (P < 0.001) lower
EL than the same group during the training trial. The EL for
the Dpz per se group was significantly (P < 0.05) lesser than
the EL for the same group during acquisition trial 1. The EL
for the vanillin treated groups, Vig per se and Vg per se, was
significantly (P < 0.001) lesser than that for their counterparts
during the training trial. The Dpz per se group, V1o per se group,
and Vg per se group showed significantly (P < 0.001) lesser
EL than the control group. The treatment with vanillin dose
dependently decreased the EL. The EL for both the vanillin
treated groups, Vo per se group and Vo per se group, was
significantly (P < 0.001) decreased with respect to the Dpz
per se group.

Acquisition trial 3

The control group showed a significantly (P < 0.001) lower
EL than the same group during the training trial. The EL for
the Dpz per se group was significantly (P < 0.05) lesser than
that for the same group during acquisition trial 2. The El for the
groups receiving vanillin treatment, Vo per se and Vg per se,
was significantly (P < 0.001) lesser than that for the same groups
during the training trial. The Dpz per se group, V1 per se group,
and Vg per se group exhibited significantly (P < 0.001) lower
EL than the control group. The vanillin treatment decreased the
EL in a dose-dependent manner.

Acquisition trial 4

The control group showed a significantly (P < 0.001) lower
EL than the same group during the training trial. The EL for
the Dpz per se group was significantly (P < 0.05) lesser than
that for the same group during acquisition trial 2. The El for the
groups receiving vanillin treatment, Vo per se and Vg per se,
was significantly (P < 0.001) lesser than that for the same groups
during the training trial. The Dpz per se group, Vo per se group,
and Vygper se group exhibited significantly (P < 0.001) lower EL
than the control group. The treatment with vanillin decreased
the EL dose dependently.

Probe trial

The Dpz per
hydrochloride showed a significant (P < 0.001) decrease
in EL with respect to the control group receiving only normal

se group receiving only donepezil

saline. The vanillin treatment dose dependently decreased
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Escape Latency for Exteroceptive Memory Model (Acquisition Trials)
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FIGURE 5

Effect of vanillin and other treatments on escape latency (acquisition trials). Data are expressed as mean + S.E.M. "***" denotes P < 0.001 with
respect to the control group within the same day, and "**" denotes P < 0.01 with respect to the control group within the same day. "###"
denotes P < 0.001 with respect to the standard treatment group within the same day. “aaa” denotes (P < 0.001) with respect to the acquisition
time of the same group during the training trial. "b" denotes P < 0.05 with respect to the retention time of the same group during acquisition
trial 1, and “c” denotes P < 0.05 with respect to the retention time of the same group during acquisition trial 2.
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FIGURE 6
Effect of vanillin and other treatments on escape latency (probe trial). Data are expressed as mean + SEM. "***" denotes P < 0.001 with respect
to the control group within the probe trial. “###" denotes P < 0.001 with respect to the standard treatment group within the probe trial.

the EL in the probe trial. Both groups receiving the vanillin group. The reduction in EL for the Vg per se and Vg per se
treatment, Vo per se (10 mg/kg) and Vygper se (20 mg/kg), groups was significantly (P < 0.01) lesser than that for the Dpz
exhibited a significantly (P < 0.001) lesser EL than the control per se group (Figure 6).
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group within the probe trial.
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Effect of vanillin and other treatments on percentage time spent in the target quadrant (probe trial). Data are expressed as mean £ SEM. "***"
denotes P < 0.001 with respect to the control group within the probe trial. “###" denotes P < 0.001 with respect to the standard treatment

The Dpz per se group

hydrochloride showed a significant (P < 0.001) increase

receiving only donepezil

in the percentage time spent in the target quadrant with
respect to the control group receiving only normal saline. The
vanillin treatment dose dependently increased the percentage
time spent in the target quadrant in the probe trial. Both the
groups receiving vanillin treatment, Vi per se (10 mg/kg) and
Vaoper se (20 mg/kg), exhibited a significantly (P < 0.001)
greater percentage time spent in the target quadrant with
respect to the control group. The increase in percentage
time spent in the target quadrant for the V,y per se group
was significantly (P < 0.01) greater than that for the Dpz
per se group (Figure 7).

Effect of vanillin on TBARS
TBARS assay (Figure 8)
In the cortex

The vanillin treatment dose dependently decreased the
levels of TBARS in the cortex. The Vg per se group receiving
only vanillin (10 mg/kg) showed a significant (P < 0.001)
reduction in TBARS with respect to the control group receiving
only normal saline and the Dpz per se group receiving only
donepezil hydrochloride. The level of TBARS was significantly
(P < 0.001) reduced in the V3 per se group receiving only
vanillin (20 mg/kg) with respect to the control group and the
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Dpz per se group. The Dpz per se group showed an insignificant
increase in the level of TBARS with respect to the control group.

In the hippocampus

The Vig per se group showed a significant (P < 0.001)
reduction in TBARS with respect to the control group and
the Dpz per se group. The level of TBARS was significantly
(P < 0.001) reduced in the Vo per se group with respect
to the control group and the Dpz per se group. The Dpz
per se group showed an insignificant increase in the level of
TBARS with respect to the control group. The vanillin treatment
reduced the level of TBARS in the hippocampus in a dose-
dependent manner.

Effect of vanillin on GSH
GSH assay (Figure 9)
In the cortex

The per se group
hydrochloride showed an insignificant increase in the level

Dpz receiving only donepezil
of GSH with respect to the control group receiving only normal
saline. The vanillin treatment dose dependently increased the
levels of GSH. The Vo per se group receiving only vanillin
(10 mg/kg) showed a significant (P < 0.001) increase in the level
of GSH with respect to the control group as well as a significant
(P < 0.05) increase in the level of GSH with respect to the Dpz
per se group. The level of GSH was significantly (P < 0.001)
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FIGURE 8
Effect of vanillin and other treatments on TBARS. Data are expressed as mean + SEM. “***" denotes P < 0.001 with respect to the control group.
"###" denotes P < 0.001 with respect to the standard treatment group.
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FIGURE 9

Effect of vanillin and other treatments on GSH. Data are expressed as mean + SEM. "***" denotes P < 0.001 with respect to the control group,
and “*" denotes P < 0.05 with respect to the control group. "###" denotes P < 0.001 with respect to the standard treatment group, and "#"
denotes P < 0.05 with respect to the standard treatment group.
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control group, and “**" denotes P < 0.01 with respect to the control group. “###" denotes P < 0.001 with respect to the standard treatment

Hippocampus

increased in the Vo per se group with respect to the control
group and the Dpz per se group.

In the hippocampus

The Dpz per se group showed a significant (P < 0.05)
increase in the level of GSH with respect to the control group.
The treatment with vanillin increased the levels of GSH in
a dose-dependent manner. The Vi per se group showed a
significant (P < 0.001) increase in the level of GSH with respect
to the control group and the Dpz per se group. There was a
significant (P < 0.001) increase in the level of GSH for the
Vaoper se group with respect to the control group and the Dpz
per se group.

Effect of vanillin on catalase activity
Catalase activity assay (Figure 10)
In the cortex

The per group
hydrochloride showed an insignificant increase in catalase

Dpz se receiving only donepezil
activity with respect to the control group receiving only normal
saline. The V¢ per se group receiving only vanillin (10 mg/kg)
showed a significant (P < 0.001) increase in the catalase activity
with respect to the control group and the Dpz per se group.
The catalase activity was significantly (P < 0.001) increased in

the V39 per se group with respect to the control group and the
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Dpz per se group. The vanillin treatment increased the catalase
activity in a dose-dependent manner.

In the hippocampus

The Dpz per se group showed a significant (P < 0.01)
increase in the catalase activity with respect to the control group.
The Vg per se group exhibited a significant (P < 0.001) increase
in the catalase activity with respect to the control group. The
catalase activity for the Vo per se group was higher than that for
the Dpz per se group, but the increase was not significant. The
V2 per se group exhibited a significant (P < 0.001) increase in
the catalase activity with respect to the control group and the
Dpz per se group. The treatment with vanillin dose dependently
increased the catalase activity.

Effect of vanillin on acetylcholinesterase
activity
AChE activity assay (Figure 11)
In the cortex

The Dpz per
hydrochloride showed a significant (P < 0.05) decrease in

se group receiving only donepezil
AChE activity with respect to the control group receiving only
normal saline. The vanillin treatment dependently decreased
the activity of AChE. The Vi per se group receiving only

vanillin (10 mg/kg) showed a significant (P < 0.01) decrease in
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FIGURE 11
Effect of vanillin and other treatments on AChE activity. Data are expressed as mean 4+ SEM. "***" denotes P < 0.001 with respect to the control
group, “**" denotes P < 0.01 with respect to the control group, and "* denotes P < 0.05 with respect to the control group. “#" denotes P < 0.05
with respect to the standard treatment group.

AChE activity with respect to the control group. For the Vig
per se group, the AChE activity was lesser than that for the Dpz
per se group, but the decrease was not significant. A significant
(P < 0.001) decrease in AChE activity with respect to the
control group was observed in the Vg per se group. The AChE
activity for the Vo per se group was significantly (P < 0.05)
lesser than that for the Dpz per se group.

In the hippocampus

The Dpz per se group showed a significant (P < 0.001)
decrease in the AChE activity with respect to the control group.
The AChE activity for the Vi per se group was significantly
(P < 0.05) lesser than that for the control group but significantly
(P < 0.05) higher than that for the Dpz per se group. The Va
per se group exhibited a significantly (P < 0.001) lower AChE
activity with respect to the control group. The AChE activity for
the Vg per se group was significantly (P < 0.05) lesser than that
for the Dpz per se group. The vanillin treatment decreased the
activity of AChE in a dose-dependent manner.

In vivo study (scopolamine-induced
dementia model)

Effect of vanillin on locomotor activity
Locomotor activity

Effect of vanillin and other treatments on locomotor activity
in scopolamine induced dementia model has been illustrated in
Figure 12.

Frontiers in Neuroscience

Locomotor activity on the Oth day

The locomotor activity for all the treatment groups was
significantly (P < 0.01) greater than that for the control group
receiving only normal saline.

Locomotor activity on the 2nd day

The locomotor activity for the Sco per se group receiving
only scopolamine hydrobromide was significantly (P < 0.05)
lesser than that for the control group. With respect to the same
group on the Oth day, the Sco per se group had a significant
(P < 0.001) decrease in the locomotor activity. The Dpz +
Sco group receiving donepezil hydrochloride and scopolamine
hydrobromide had a significant (P < 0.001) increase in the
locomotor activity with respect to the Sco per se group. The
locomotor activity for the Vip + Sco group receiving vanillin
10 mg/kg and scopolamine hydrobromide was significantly
(P < 0.001) increased with respect to the Sco per se group and
the Dpz + Sco group. The Vo + Sco group receiving vanillin
20 mg/kg and scopolamine hydrobromide showed a significant
(P < 0.001) increase in the locomotor activity with respect to
the Sco per se group and the Dpz + Sco group. The vanillin
treated groups, V1o + Sco and Vg + Sco, exhibited a significantly
(P < 0.001) greater locomotor activity than their respective

counterparts on the Oth day.

Locomotor activity on the 5th day

The Sco per se group had a significantly (P < 0.001)
decreased locomotor activity with respect to the control group.
With respect to the same group on the Oth day, the Sco per
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P < 0.05 with respect to the same group during the 5th day.

Locomotor Activity for Scopolamine Induced Dementia Model

Treatment
EControl BSco per se BDpz + Sco BV10 + Sco BV20 + Sco

Effect of vanillin and other treatments on locomotor activity. Data are expressed as mean £ SEM. "***" denotes P < 0.001 with respect to the
control group within the same day, "**" denotes P < 0.01 with respect to the control group within the same day, and “*" denotes P < 0.05 with
respect to the control group within the same day. "###" denotes P < 0.001 with respect to the standard treatment group within the same day.
""MAT denotes P < 0.001 with respect to the negative control group (Sco per se) within the same day. “aaa” denotes P < 0.001 with respect to
the same group during the Oth day, and “a” denotes P < 0.05 with respect to the same group during the Oth day. "bbb” denotes P < 0.001 with
respect to the same group during the 2nd day. “ccc” denotes P < 0.001 with respect to the same group during the 5th day, and “c” denotes
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se group had a significantly (P < 0.001) decreased locomotor
activity. The Dpz + Sco group showed a significantly (P < 0.001)
increased locomotor activity with respect to the Sco per se group.
The locomotor activity for the Vg + Sco group was significantly
(P < 0.001) higher with respect to the Sco per se group and the
Dpz + Sco group. The V,y + Sco group exhibited a significant
(P < 0.001) increase in the locomotor activity with respect to
the Sco per se group and the Dpz + Sco group. The vanillin-
treated groups, V1o + Sco and Vg + Sco, exhibited a significantly
(P < 0.001) greater locomotor activity than their respective
counterparts on the 2nd day.

Locomotor activity on the 9th day

The locomotor activity for the Sco per se group was
significantly (P < 0.001) lesser than that for the control group
within the same day and the same group on the Oth day. The
Dpz + Sco group had a significant (P < 0.001) increase in
the locomotor activity with respect to the control group. Also,
the Dpz + Sco group showed a significant (P < 0.05) increase
in the locomotor activity with respect to the same group on
the Oth day. The vanillin-treated groups, Vio + Sco and Vy9
+ Sco, exhibited a significantly (P < 0.001) higher locomotor
activity than the Sco per se group and the Dpz + Sco group.
The V1o + Sco group showed a significant (P < 0.05) increase
in the locomotor activity with respect to the same group on
the 5th day. The locomotor activity for the V9 + Sco group
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was significantly (P < 0.001) increased with respect to the same
group on the 5th day.

Effect of vanillin on step-down latency

On the 10th day, there was no significant difference in SDL
between all the treatment groups except for the V,y + Sco
group receiving vanillin (20 mg/kg) along with scopolamine
hydrobromide, which showed a significantly (P < 0.05) lesser
SDL than the control group receiving only normal saline.

During the training test on the 11th day, the Sco per se
group had a significant (P < 0.05) decrease in the SDL with
respect to the control group. The Dpz + Sco, Vg + Sco,
and Vy + Sco groups exhibited a significant (P < 0.001)
increase in SDL with respect to the Sco per se group.
The vanillin treatment dose dependently increased the SDL.
The Vi + Sco group and the Vyp + Sco group showed
a significant (P < 0.01) increase in SDL with respect to
the Dpz + Sco group. The SDL for the Dpz + Sco group,
Vio + Sco group, and Vyy + Sco group was significantly
(P < 0.001) increased with respect to their respective
counterparts on the 10th day (Figure 13).

Effect of vanillin on transfer latency

On the 10th day, there was no significant difference between
the TL of the Sco per se group receiving only scopolamine
hydrobromide and the control group receiving only normal
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FIGURE 13

Effect of vanillin and other treatments on step-down latency. Data are expressed as mean + SEM. "*" denotes P < 0.05 with respect to the
control group within the same day. "##" denotes P < 0.01 with respect to the standard treatment group within the same day. """ denotes
P < 0.001 with respect to the negative control group (Sco per se) within the same day. “aaa” denotes P < 0.001 with respect to the SDL of the
same group on the 10th day of the treatment.

saline. The V19 + Sco group receiving vanillin (10 mg/kg) and a significantly (P < 0.001 lower EL with respect to the Sco per
scopolamine hydrobromide showed a significant (P < 0.05) se group. The EL for the Vi + Sco group was significantly
increase in TL with respect to the Sco per se group. On the (P < 0.01) higher than that for the Dpz + Sco group.

11th day, the TL for the Sco per se group was significantly
(P < 0.01) higher than that for the control group. The Dpz +
Sco group receiving donepezil hydrochloride and scopolamine
had a significantly (P < 0.01) decreased TL with respect to

Acquisition trial 1
The Sco per se group exhibited a significantly (P < 0.001)

the Sco per se group. The vanillin-treated groups, Vio + Sco higher EL with respect to the control group. The Dpz + Sco

(vanillin 10 mg/kg + scopolamine hydrobromide) and Vo + group, Vo + Sco group, and V3o + Sco group had a significantly

Sco (vanillin 20 mg/kg + scopolamine hydrobromide) exhibited (P < 0.001) decreased EL with respect to the Sco per se group.
a TL significantly (P < 0.001) lesser than that of the Sco per

se group. The Dpz + Sco group had a significant (P < 0.01)

The vanillin treatment dose dependently decreased the EL. The
V10 + Sco group and the Vo + Sco group showed a significantly
(P < 0.001) lower EL than their respective counterparts during

reduction in TL with respect to the same group on the 10th

day. The V1o + Sco group and the Vo + Sco group showed the training trial. The Vyy + Sco group had a significantly

a significantly (P < 0.001) decreased TL with respect to their (P < 0.05) lower TL with respect to the Dpz + Sco group.

respective counterparts on the 10th day (Figure 14).

Acquisition trial 2

Effect of vanillin on escape latency The EL for the Sco per se group was significantly (P < 0.001)
Acquisition trials (Figure 15) greater than that for the control group. The Dpz + Sco group,
Training trial Vio + Sco group, and Vo + Sco group had a significantly

The Sco per se group receiving only scopolamine (P < 0.001) reduced EL with respect to the Sco per se group.
hydrobromide had a significantly (P < 0.001) higher EL with The vanillin treatment decreased the EL in a dose-dependent
respect to the control group. The Dpz + Sco group receiving manner. The EL for the Vjp + Sco group was significantly
donepezil hydrochloride and scopolamine hydrobromide (P < 0.001) lesser than that for the same group during the
exhibited a significantly (P < 0.001) lower EL with respect to training trial. Also, the EL for the Vjy + Sco group was
the Sco per se group. The vanillin-treated groups, Vip + Sco significantly (P < 0.05) lesser than that for the Dpz + Sco group.
(vanillin 10 mg/kg + scopolamine hydrobromide) and Vo + A minimum EL was observed for the V9 + Sco group, which
Sco (vanillin 20 mg/kg + scopolamine hydrobromide), showed was significantly (P < 0.01) lesser than that for the Dpz + Sco
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FIGURE 14

Effect of vanillin and other treatments on transfer latency. Data are expressed as mean + SEM. “**" denotes P < 0.01 with respect to the control
group within the same day. “*""" denotes P < 0.001 with respect to the negative control group (Sco per se) within the same day. “*"" denotes
P < 0.01 with respect to the negative control group (Sco per se) within the same day. “*" denotes P < 0.05 with respect to the negative control
group (Sco per se) within the same day. “aaa” denotes P < 0.001 with respect to the TL of the same group on the 10th day of the treatment, and
"aa” denotes P < 0.01 with respect to the TL of the same group on the Oth day of the treatment.

Escape Latency for Scopolamine Induced Dementia Model (Acquisition Trials)
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FIGURE 15

Effect of vanillin and other treatments on escape latency (acquisition trials). Data are expressed as mean + SEM. "***" denotes P < 0.001 with
respect to the control group within the same day. “##" denotes P < 0.01 with respect to the standard treatment group within the same day, and
"#" denotes P < 0.05 with respect to the standard treatment group within the same day. “**"" denotes P < 0.001 with respect to the negative
control group (Sco per se). “aaa” denotes P < 0.001 with respect to the acquisition time of the same group during the training trial, and “aa”
denotes P < 0.01 with respect to the acquisition time of the same group during the training trial.
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FIGURE 16
Effect of vanillin and other treatments on escape latency (probe trial). Data are expressed as mean + SEM. "**" denotes P < 0.01 with respect to
the control group within the probe trial. “###" denotes P < 0.001 with respect to the standard treatment group within the probe trial, "#"
denotes P < 0.05 with respect to the standard treatment group within the probe trial. “**"" denotes P < 0.001 with respect to the negative
control (Sco per se) group within the probe trial.

group. Also, the EL was significantly (P < 0.01) decreased with
respect to the same group during the training trial.

Acquisition trial 3

The EL for the Sco per se group was significantly (P < 0.001)
higher than that for the control group. The Dpz + Sco group, V1o
+ Sco group, and Vg + Sco group had a significantly (P < 0.001)
lesser EL with respect to the Sco per se group. The vanillin
treatment decreased the EL dose dependently. The EL for the
V1o + Sco group was significantly (P < 0.001) lesser than that
for the same group during the training trial. Also, the EL for
the Vo + Sco group was significantly (P < 0.05) lesser than
that for the Dpz + Sco group. A minimum EL was observed for
the Vo + Sco group, which was significantly (P < 0.05) lesser
than that for the Dpz + Sco group. Also, the EL was significantly
(P < 0.01) decreased with respect to the same group during
the training trial.

Acquisition trial 4

The EL for the Sco per se group was significantly (P < 0.001)
greater than that for the control group. The Dpz + Sco group,
Vio + Sco group, and Vo + Sco group had a significantly
(P < 0.001) lesser EL with respect to the Sco per se group. The
vanillin treatment decreased the EL dose dependently. The EL
for the Vo + Sco group was significantly (P < 0.001) decreased
than that for the same group during the training trial. Also, the
EL for the Vg + Sco group was significantly (P < 0.05) lesser
than for the Dpz + Sco group. A minimum EL was observed
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for the V9 + Sco group, which was significantly (P < 0.05)
lesser than that for the Dpz + Sco group. Also, the EL was
significantly (P < 0.01) lesser with respect to the same group
during the training trial.

Probe trial

The EL was significantly (P < 0.001) increased for the Sco
per se group with respect to the control group. The Dpz +
Sco group, Vi + Sco group, and V3 + Sco group showed a
significantly (P < 0.001) lesser EL with respect to the Sco per
se group. The vanillin treatment dose dependently decreased the
EL. The V¢ + Sco group had an EL significantly (P < 0.05) lesser
than that of the Dpz + Sco group. A minimum EL was observed
for the V9 + Sco group, which was significantly (P < 0.001)
lesser than that for the Dpz + Sco group (Figure 16).

The Sco per se group had a significantly (P < 0.001)
lesser percentage time spent in the target quadrant. The Dpz
+ Sco group, Vig + Sco group, and Vo + Sco group showed
a significantly (P < 0.001) greater percentage time spent in
the target quadrant with respect to the Sco per se group.
The vanillin treatment increased the percentage time spent
in the target quadrant in a dose-dependent manner. The
Vio + Sco group showed a significantly (P < 0.05) higher
percentage time spent in the target quadrant with respect to
the Dpz + Sco group. The maximum percentage time spent
in the target quadrant was observed for the V, + Sco group,
which was significantly (P < 0.001) greater than that for the
Dpz + Sco group (Figure 17).
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Percentage Time Spent in the Target Quadrant for Scopolamine Induced
Dementia Model (Probe Trial)

Treatment
BScoperse BEDpz+Sco BVI0+Sco BV20 -+ Sco

Effect of vanillin and other treatments on percentage time spent in the target quadrant (probe trial). Data are expressed as mean £ SEM. "***"
denotes P < 0.001 with respect to the control group within the probe trial. “###" denotes P < 0.001 with respect to the standard treatment
group within the probe trial, and "#" denotes P < 0.05 with respect to the standard treatment group within the probe trial. “**"" denotes

P < 0.001 with respect to the negative control (Sco per se) group within the probe trial.
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Effect of vanillin on TBARS
TBARS assay (Figure 18)
In the cortex

The Sco per se group receiving only scopolamine
hydrobromide had significantly (P < 0.001) increased TBARS
with respect to the control group receiving only normal saline.
The Dpz + Sco group receiving donepezil hydrochloride
along with scopolamine hydrobromide showed a significant
(P < 0.05) decrease in TBARS with respect to the Sco per se
group. The vanillin treatment dose dependently decreased
TBARS. The Viy + Sco group receiving vanillin 10 mg/kg
along with scopolamine hydrobromide exhibited significantly
(P < 0.001) lower TBARS with respect to the Sco per se group as
well as the Dpz + Sco group. The level of TBARS was minimum
for the Vy + Sco group receiving vanillin 20 mg/kg along with
scopolamine hydrobromide. The TBARS for the V3 + Sco
group was significantly (P < 0.001) lesser with respect to the
Sco per se group as well as the Dpz + Sco group.

In the hippocampus

The level of TBARS was significantly (P < 0.001) higher
in the Sco per se group with respect to the control group.
The Dpz + Sco group showed an insignificant reduction in
TBARS with respect to the Sco per se group. The vanillin
treatment decreased TBARS in a dose-dependent manner. The
V1o + Sco group showed significantly (P < 0.001) decreased
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TBARS with respect to the Sco per se group as well as the
Dpz + Sco group. A minimum level of TBARS was observed
for the V39 + Sco group, which was significantly (P < 0.001)
lesser with respect to the Sco per se group as well as the
Dpz + Sco group.

Effect of vanillin on GSH
GSH assay (Figure 19)
In the cortex

The Sco per se group receiving only scopolamine
hydrobromide showed a significantly (P < 0.001) decreased
GSH with respect to the control group receiving only
normal saline. The Dpz + Sco group receiving donepezil
hydrochloride along with scopolamine hydrobromide had
an insignificant increase in GSH with respect to Sco per
se group. The treatment with vanillin increased GSH in a
dose-dependent manner. GSH was significantly (P < 0.001)
increased for the V¢ + Sco group receiving vanillin (10 mg/kg)
along with scopolamine hydrobromide with respect to the
Sco per se group. Also, the Vjp + Sco group exhibited
a significantly (P < 0.001) higher GSH than the Dpz +
Sco group. A maximum level of GSH was observed for
the Vyo + Sco group receiving vanillin (20 mg/kg) along
with scopolamine hydrobromide, which was significantly
(P < 0.001) greater than that for the Sco per se group and
Dpz + Sco group.
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FIGURE 18

Effect of vanillin and other treatments on TBARS. Data are expressed as mean + SEM. "***" denotes P < 0.001 with respect to the control group.
"###" denotes P < 0.001 with respect to the standard treatment group. “**" denotes P < 0.001 with respect to the negative control group
(Sco per se), and """ denotes P < 0.05 with respect to the negative control group.

GSH for Scopolamine Induced Dementia Model
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FIGURE 19

Effect of vanillin and other treatments on GSH. Data are expressed as mean 4+ SEM. "***" denotes P < 0.001 with respect to the control group.
"###" denotes P < 0.001 with respect to the standard treatment group, and “**"" denotes P < 0.001 with respect to the negative control (Sco
per se) group.

Frontiers in Neuroscience 21 frontiersin.org


https://doi.org/10.3389/fnins.2022.1005972
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org/

Anand et al. 10.3389/fnins.2022.1005972

Catalase Activity for Scopolamine Induced Dementia Model

HitHt
### f\éfﬁ ### AAA

AAN AAA

<
©

Catalase activity/mg protein
S o o o o o o
N w B wv [e)} ~ 0o

©
N

o

Cort Hi
ortex Treatment ippocampus

BControl BScoperse HEDpz+ Sco BVI0+Sco BV20 + Sco

FIGURE 20

Effect of vanillin and other treatments on catalase activity. Data are expressed as mean £ SEM. "*" denotes P < 0.05 with respect to the control
group. “###" denotes P < 0.001 with respect to the standard treatment group, and """ denotes P < 0.001 with respect to the negative
control (Sco per se) group.

In the hippocampus which was significantly (P < 0.001) higher than that for the Sco
GSH was significantly (P < 0.001) decreased in the Sco per per se group and the Dpz + Sco group.
se group with respect to the control group. The Dpz + Sco group

showed a significant (P < 0.001) increase in GSH with respect In the hippocampus
to the Sco per se group. The vanillin treatment dose dependently Catalase activity was significantly (P < 0.05) decreased in
increased GSH. The vanillin-treated groups, V1o + Sco and V9 the Sco per se group with respect to the control group. The
+ Sco, had significantly (P < 0.001) higher GSH with respect to Dpz + Sco group, Vip + Sco group, and Vyy + Sco group
the Sco per se group and the Dpz + Sco group. exhibited a significantly (P < 0.001) higher catalase activity
with respect to the Sco per se group. The vanillin treatment
Effect of vanillin on catalase activity increased the catalase activity in a dose-dependent manner. The
Catalase activity assay (Figure 20) vanillin-treated groups, Vip + Sco and V, + Sco, showed a
In the cortex significantly (P < 0.001) increased catalase activity with respect
The Sco per se group receiving only scopolamine to the Dpz + Sco group.

hydrobromide had a significantly (P < 0.05) lesser catalase

activity with respect to the control group receiving only normal Effect of vanillin on acetylcholinesterase
saline. The Dpz + Sco group receiving donepezil hydrochloride activity

along with scopolamine hydrobromide showed a significant AChE activity assay (Figure 21)

(P < 0.001) increase in the catalase activity with respect to In the cortex

the Sco per se group. The vanillin treatment dose dependently The Sco per se group receiving only scopolamine
increased the catalase activity. The Vo + Sco group receiving hydrobromide had a significantly (P < 0.001) increased
vanillin 10 mg/kg and scopolamine hydrobromide exhibited a AChE activity with respect to the control group receiving
significantly (P < 0.001) increased catalase activity with respect only normal saline. The Dpz + Sco group receiving donepezil
to the Sco per se group and the Dpz + Sco group. A maximum hydrochloride and scopolamine hydrobromide showed a
catalase activity was observed for the V,y + Sco group receiving significant (P < 0.001) decrease in AChE activity with respect to
vanillin 20 mg/kg along with scopolamine hydrobromide, the Sco per se group. The vanillin treatment dose dependently
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AChE Activity for Scopolamine Induced Dementia Model
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Effect of vanillin and other treatments on AChE activity. Data are expressed as mean 4 SEM. "***" denotes P < 0.001 with respect to the control
group. “#" denotes P < 0.05 with respect to the standard treatment group. “**"" denotes P < 0.001 with respect to the negative control (Sco

Hippocampus

decreased the AChE activity. The vanillin-treated groups, Vg
+ Sco (vanillin 10 mg/kg + scopolamine hydrobromide) and
Vo + Sco (vanillin 20 mg/kg + scopolamine hydrobromide),
exhibited a significantly (P < 0.001) lesser AChE activity with
respect to the Sco per se group. However, the AChE activity was
decreased insignificantly for the Vg + Sco group and the Vo +
Sco group with respect to the Dpz + Sco group.

In the hippocampus

ACHE activity was significantly (P < 0.001) increased in the
Sco per se group with respect to the control group. The Dpz +
Sco group, Vo + Sco group, and Vo + Sco group showed a
significant (P < 0.001) decrease in AChE activity with respect to
the Sco per se group. The vanillin treatment decreased the AChE
activity in a dose-dependent manner. A minimum AChE activity
was observed for the V9 + Sco group, which was significantly
(P < 0.05) lesser than that for the Dpz + Sco group.

Effect of vanillin on IL-6
IL-6 concentration assay
In the cortex and hippocampus

The Dpz per se, V1o per se, and Vygper se groups showed a
slight decrease in the levels of IL-6 as compared to the control
group. However, the decrease was not statistically significant.
The Sco per se group receiving only scopolamine hydrobromide
had a significantly (P < 0.001) increased IL-6 concentration
with respect to the control group receiving only normal saline.
The Dpz + Sco group receiving donepezil hydrochloride and
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scopolamine hydrobromide showed a significant (P < 0.001)
decrease in IL-6 concentration with respect to the Sco per
se group. The vanillin treatment dose dependently decreased
the IL-6 concentration. The vanillin-treated groups, Vi + Sco
(vanillin 10 mg/kg + scopolamine hydrobromide) and V, +
Sco (vanillin 20 mg/kg + scopolamine hydrobromide), exhibited
significantly (P < 0.001) lesser IL-6 concentrations with respect
to the Sco per se group (Figure 22).

Effect of vanillin on TNF-a
TNF-a concentration assay
In the cortex and hippocampus

The Dpz per se, V1o per se, and Vo per se groups showed
a relative decrease in the levels of TNF-a as compared to
the control group. However, the decrease was not statistically
significant. The Sco per se group receiving only scopolamine
hydrobromide had a significantly (P < 0.001) increased TNEF-
a concentration with respect to the control group receiving
only normal saline. The Dpz + Sco group receiving donepezil
hydrochloride and scopolamine hydrobromide showed a
significant (P < 0.001) decrease in TNF-o concentration with
respect to the Sco per se group. The vanillin treatment dose
dependently decreased the TNF-a concentration. The vanillin-
treated groups, Vip + Sco (vanillin 10 mg/kg + scopolamine
hydrobromide) and V3 + Sco (vanillin 20 mg/kg + scopolamine
hydrobromide), exhibited significantly (P < 0.001) lesser TNF-a
concentrations with respect to the Sco per se group (Figure 23).

frontiersin.org


https://doi.org/10.3389/fnins.2022.1005972
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org/

Anand et al. 10.3389/fnins.2022.1005972

Interleukin-6 Assay

kK%
* %k
ANN
ANN
ANN AAN
| I | I I

1600

1400

1200

g
o

IL-6 (pg/mL)
8

600
400
200
0
Cerebral cortex Hippocampus
mControl mDpzperse [EV10perse mMV20perse @Scoperse [MDpz+Sco mMV10+Sco mV20+Sco
FIGURE 22

Effect of vanillin and other treatments on IL-6 concentrations. Data are expressed as mean £ SEM. "***" denotes P < 0.001 with respect to the
control group. """ denotes P < 0.001 with respect to the negative control (Sco per se) group.
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Effect of vanillin and other treatments on TNF-a concentrations. Data are expressed as mean + SEM “***" denotes P < 0.001 with respect to the
control group. """ denotes P < 0.001 with respect to the negative control (Sco per se) group.
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Discussion

In the modern age, technology plays a major role in all
aspects of science. Computers have become an integral part of
research projects worldwide. Pharmacology greatly involves the
usage of computers and technology. In silico studies form the
beginning of any drug discovery and development initiative.
One such tool for in silico studies is PASS Online. Numerous
studies have employed PASS Online to predict the probable
activity of various compounds, including phytoconstituents, and
correlated the findings to the in vivo results (Marwaha et al.,
2007; Goel et al., 2010; Khurana et al., 2011; Habibyar et al,,
2016). In the present study, vanillin was chosen as the test
compound because of its PASS-predicted anti-dementia activity,
anti-amyloidogenic property, and anti-Af aggregatory effect.
Also, on the basis of extensive literature review, it was found that
vanillin has a good in vivo antioxidant property (Dhanalakshmi
etal., 2015) and a good anti AP aggregatory effect in vitro (Song
et al., 2016). Oxidative stress has been known to play a pivotal
role in the development of AD and related neurodegeneration
(Huang et al., 2016). Therefore, in the light of the available data
about vanillin, it was selected to be evaluated for its nootropic,
anti-dementia, and neuroprotective roles in vivo.

In AD, the expression of AChE is increased in the
brain and the level of ACh is decreased. This leads to
impairment in the memory and cognitive processes (Francis,
2005; Mehta et al., 2012; Singh et al., 2013). Therefore, AChE
inhibitory activity is desirable for a compound to be successfully
used in the therapy of AD. Therefore, in vitro analysis of
acetylcholinesterase activity was employed to establish the
possible role of vanillin in the treatment of AD. The in vitro
evaluation of acetylcholinesterase activity of vanillin was made
using modified Ellman’s method (Ellman et al., 1961; Atta-ur-
Rahman and Choudhary, 2001; Hasnat et al., 2013; Habibyar
et al,, 2016). Vanillin was found to have an inhibitory effect on
acetylcholinesterase with an ICsq value of 0.033 mM.

The in vivo study was divided into two parts, ie.,
exteroceptive memory model and the scopolamine-induced
dementia model. The exteroceptive memory model aims at
evaluating the nootropic effect of the test compound (Parle
et al., 2004; Joshi and Parle, 2006; Vasudevan and Parle,
2008). The pharmacotherapy of disorders involving cognitive
impairments such as AD, amnesia, and attention deficit is
still a challenge for researchers worldwide. Marketed nootropic
drugs, e.g., piracetam, donepezil, aniracetam, have been in use
to alleviate memory, behavioral and mood disorders, but their
prescription is limited because of associated side effects. The
present study was designed to assess the nootropic, i.e., memory-
enhancing effect of vanillin with respect to the standard
treatment with donepezil hydrochloride. The enhancement in
memory was evaluated by behavioral and biochemical analyses.
The behavioral studies comprised of assessment of step-down
latency in a negative reinforcement paradigm and transfer
latency using an elevated plus maze apparatus. The biochemical
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parameters were assessed for the cortical and hippocampal
regions of the brain.

The assessment of locomotor activity was conducted prior
to the commencement of the treatment, during the conduct
of the treatment, and toward the conclusion of the treatment.
The evaluation of locomotor activity was a noteworthy part
of the protocol design so as to ascertain the validity of the
results obtained for SDL and TL. Any elevation or diminution
in the locomotor activity may result in a conflict in the elevated
plus maze and negative reinforcement paradigms alike. The
donepezil treatment and vanillin treatment both led to increase
in locomotor activity as the protocol progressed. The vanillin
treatment at the dose of 20 mg/kg showed a significant increase
in the locomotor activity with respect to the donepezil per
se group. The finding was in accordance to the previously
reported effect of vanillin on locomotor activity (Gupta and
Sharma, 2014; Abdulrahman et al., 2017). Therefore, to evaluate
the memory-enhancing potential of vanillin in comparison to
donepezil independent of changes in the locomotor activity, the
Morris Water Maze paradigm was put to use. Escape from water
generally does not depend on differences in activity or body
mass; therefore, it can be considered to be appropriate for several
experimental models. Also, the odor trail bias is eliminated
in the MWM paradigm (Vorhees and Williams, 2006). The
findings suggested that vanillin possesses a nootropic effect.

Scopolamine-induced dementia is the commonly used
model to assess and evaluate potential anti-AD drug candidates.
Scopolamine is a parasympatholytic agent that acts as a
competitive muscarinic blocker (Blokland et al., 2006; Kwon
et al., 2009). The extent of amelioration or improvement
in behavioral parameters with the test molecule based on
consistent training and evaluation is utilized as the criterion
to report the test compound as to having a potential anti-AD
effect. Apart from causing memory and cognitive impairments,
scopolamine also leads to oxidative stress, which in turn
damages cholinergic neurons. In the present study, the acute
and chronic effects of scopolamine, vanillin, and donepezil
on the behavioral parameters were evaluated. Also, the effect
of vanillin and donepezil on the cortical and hippocampal
biochemical parameters (TBARS, GSH, catalase activity, and
acetylcholinesterase inhibitory activity) was evaluated. The
effect of vanillin on molecular modulators of AD development
and progression such as IL-6 and TNF-a was also evaluated. The
findings suggested a significant role of vanillin in reversing the
deficits in memory and cognition caused by scopolamine.

The findings of the present study clearly indicate the role
of vanillin in alleviating oxidative stress, enhancing memory
and nootropic activity, and reversing behavioral deficits caused
by scopolamine. Vanillin showed a good acetylcholinesterase
inhibitory activity in vitro and in vivo, with the activity being
better than that of the donepezil hydrochloride in vivo.

Vanillin, a phytoconstituent, has seen light of the day in
various research setups. In this study, vanillin has been found
to have an in vitro acetylcholinesterase inhibitory activity, which
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was further confirmed by in vivo results. Vanillin has also
been found to be having a remarkable antioxidant effect. The
ease of availability and the established safety of vanillin may
contribute to its development as a potential clinical candidate
for AD pharmacotherapeutics. However, further research and
mechanistic studies are required.

Conclusion

With the increasing prevalence of AD and other
neurodegenerative disorders, the need for more efficacious,
safer, and cost-effective pharmacological interventions is greater
than ever before. Vanillin is a compound that has been used
over the years in multiple ways, and it speaks volumes about its
acceptance and safety with respect to consumption by humans.
In the present study, the pharmacological role of vanillin in AD
has been explored by in silico, in vitro, and in vivo evaluations.
It has shown promising results, which were reflected by its
capability to control and/or reverse the behavioral deficits
caused by the disease-inducing agent, i.e., scopolamine. Not
only the behavioral parameters but the ameliorative effect
signified by biochemical evaluations of various parameters like
AChE, TBARS, GSH, and catalase activity also strengthened
the potential anti-AD effect of vanillin. It was also found to
significantly decrease the levels of IL-6 and TNF-a in the cortical
and hippocampal regions of the brain. This study creates a
future pathway for more extensive in vivo evaluations of vanillin
for its anti-AD effect.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

The animal study was reviewed and approved by
Institutional Animal Ethics Committee, Lovely Professional
University, Phagwara, Punjab, India.

References

Abd-El-Fattah, M. A., Abdelakader, N. F., and Zaki, H. F. (2014). Pyrrolidine
dithiocarbamate protects against scopolamine-induced cognitive impairment in
rats. Eur. J. Pharmacol. 723, 330-338. doi: 10.1016/j.ejphar.2013.11.008

Abdulrahman, A. A, Faisal, K., Meshref, A. A. A, and Arshaduddin, M. (2017).
Low-dose acute vanillin is beneficial against harmaline-induced tremors in rats.
Neurol. Res. 39, 264-270. doi: 10.1080/01616412.2016.1275456

Aebi, H. (1974). “Catalase,” in Methods of enzymatic analysis, ed. H. U.
Bergmeyer (New York, NY: Academic Press Inc), 673-680. doi: 10.1016/b978-0-
12-091302-2.50032-3

Frontiers in Neuroscience

26

10.3389/fnins.2022.1005972

Author contributions

AA, NK,
and design of the

and NS contributed to the conception
study. AA conducted the
under the supervision of NK and NS. AA performed
the statistical analysis and wrote the first draft of the
manuscript. NA, AFA, MA, and MW wrote sections of
the manuscript and proofread the manuscript. All authors

study

contributed to manuscript revision, read, and approved the
submitted version.

Acknowledgments

We would like to thank Rahul Bhaskar, Saurabh
Gupta, and Katte Kiran Kumar for being instrumental
in the process of procuring a gift sample of donepezil
hydrochloride from Wockhardt
center at Aurangabad in Maharashtra, India. We also

monohydrate Research
would like to thank the Researchers Supporting Project
(number RSP-2021/335), King Saud University, Riyadh,
Saudi Arabia.

Conflict of interest

The authors declare that the research was conducted
in the absence of any commercial or financial relationships
that could be
of interest.

construed as a potential conflict

Publisher’s note

All claims expressed in this article are solely those
of the authors and do not necessarily represent those
of their affiliated organizations, or those of the publisher,
the editors and the reviewers. Any product that may be
evaluated in this article, or claim that may be made by
its manufacturer, is not guaranteed or endorsed by the
publisher.

Aebi, H. (1984). Catalase in vitro. Methods Enzymol. 105, 121-126. doi: 10.1016/
S0076-6879(84)05016-3

Anand, A., Khurana, P., Chawla, J., Sharma, N., and Khurana, N. (2017a).
Emerging treatments for the behavioral and psychological symptoms of dementia.
CNS Spectr. 23, 361-369. doi: 10.1017/51092852917000530

Anand, A, Patience, A. A, Sharma, N., and Khurana, N. (2017b). The present
and future of pharmacotherapy of Alzheimer’s disease: A comprehensive
review. Eur. ]. Pharmacol. 815, 364-375. doi: 10.1016/j.ejphar.2017.0
9.043

frontiersin.org


https://doi.org/10.3389/fnins.2022.1005972
https://doi.org/10.1016/j.ejphar.2013.11.008
https://doi.org/10.1080/01616412.2016.1275456
https://doi.org/10.1016/b978-0-12-091302-2.50032-3
https://doi.org/10.1016/b978-0-12-091302-2.50032-3
https://doi.org/10.1016/S0076-6879(84)05016-3
https://doi.org/10.1016/S0076-6879(84)05016-3
https://doi.org/10.1017/S1092852917000530
https://doi.org/10.1016/j.ejphar.2017.09.043
https://doi.org/10.1016/j.ejphar.2017.09.043
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org/

Anand et al.

Anand, A., Sharma, N, and Khurana, N. (2017¢). Prediction of activity spectra
of substances assisted prediction of biological activity spectra of potential anti-
Alzheimer’s phytoconstituents. Asian J. Pharm. Clin. Res. 10:13. doi: 10.22159/
ajpcr.2017.v10s4.21330

Atta-ur-Rahman, and Choudhary, M. (2001). Bioactive natural products as a
potential source of new pharmacophores. A theory of memory*. Pure Appl. Chem.
73, 555-560. doi: 10.1351/pac200173030555

Beutler, E., Duron, O., and Kelly, B. (1963). Improved method for the
determination of blood glutathione. J. Lab. Clin. Med. 61, 882-888.

Block, F. (1999). Global ischemia and behavioural deficits. Prog. Neurobiol. 58,
279-295. doi: 10.1016/S0301-0082(98)00085-9

Blokland, A., Schreiber, R., and Prickaerts, J. (2006). Improving memory: A
role for phosphodiesterases. Curr. Pharm. Des. 12, 2511-2523. doi: 10.2174/
138161206777698855

Bromley-Brits, K., Deng, Y., and Song, W. (2011). Morris water maze test for
learning and memory deficits in Alzheimer’s disease model mice. J. Vis. Exp.
53:2920. doi: 10.3791/2920

Chang, R., Yee, K.-L., and Sumbria, R. K. (2017). Tumor necrosis factor a
inhibition for Alzheimer’s disease. J. Cent. Nerv. Syst. Dis. 9:117957351770927.
doi: 10.1177/1179573517709278

Chen, C,, Li, X.-H., Zhang, S., Tu, Y., Wang, Y.-M.,, and Sun, H.-T. (2014). 7,8-
dihydroxyflavone ameliorates scopolamine-induced Alzheimer-like pathologic
dysfunction. Rejuvenation Res. 17, 249-254. doi: 10.1089/rej.2013.1519

Dhanalakshmi, C., Janakiraman, U., Manivasagam, T., Justin Thenmozhi,
A., Essa, M. M., Kalandar, A., et al. (2016). Vanillin attenuated behavioural
impairments, neurochemical deficts, oxidative stress and apoptosis against
rotenone induced rat model of Parkinson’s disease. Neurochem. Res. 41, 1899-
1910. doi: 10.1007/s11064-016-1901-5

Dhanalakshmi, C., Manivasagam, T., Nataraj, J., Justin Thenmozhi, A., and
Essa, M. M. (2015). Neurosupportive role of vanillin, a natural phenolic
compound, on rotenone induced neurotoxicity in SH-SY5Y neuroblastoma
cells. Evid. Based Complement Altern. Med. 2015, 1-11. doi: 10.1155/2015/62
6028

Dhingra, D., and Kumar, V. (2012). Memory-enhancing activity of palmatine in
mice using elevated plus maze and morris water maze. Adv. Pharmacol. Sci. 2012,
1-7. doi: 10.1155/2012/357368

Eichenbaum, H., Stewart, C., and Morris, R. G. (1990). Hippocampal
representation in place learning. J. Neurosci. 10, 3531-3542. doi: 10.1523/
JNEUROSCI.10-11-03531.1990

Ellman, G. L., Courtney, K. D., Andres, V., and Featherstone, R. M. (1961).
A new and rapid colourimetric determination of acetylcholinesterase activity.
Biochem. Pharmacol. 7, 88-95. doi: 10.1016/0006-2952(61)90145-9

Erba Mannheim (2017). Total protein. Available online at: https://www.
erbalachema.com/attachments/TOTALPROTEIN_BLT00054_55_A..pdf (accessed
July 13, 2017).

Francis, P. T. (2005). The interplay of neurotransmitters in Alzheimer’s disease.
CNS Spectr. 10, 6-9. doi: 10.1017/S1092852900014164

Garcia-Alloza, M., Gil-Bea, F. J., Diez-Ariza, M., Chen, C. P. L.-H., Francis,
P. T., Lasheras, B., et al. (2005). Cholinergic-serotonergic imbalance contributes
to cognitive and behavioral symptoms in Alzheimer’s disease. Neuropsychologia
43, 442-449. doi: 10.1016/j.neuropsychologia.2004.06.007

Geerts, H., Spiros, A., Roberts, P., and Carr, R. (2017). Towards the virtual
human patient. Quantitative systems pharmacology in Alzheimer’s disease. Eur.
J. Pharmacol. 817, 38-45. doi: 10.1016/j.ejphar.2017.05.062

Goel, R. K., Singh, D., Lagunin, A., and Poroikov, V. (2010). PASS-assisted
exploration of new therapeutic potential of natural products. Med. Chem. Res. 20,
1509-1514. doi: 10.1007/s00044-010-9398-y

Goverdhan, P., Sravanthi, A., and Mamatha, T. (2012). Neuroprotective effects
of meloxicam and selegiline in scopolamine-induced cognitive impairment
and oxidative stress. Int. J. Alzheimers Dis. 2012, 1-8. doi: 10.1155/2012/97
4013

Gupta, S., and Sharma, B. (2014). Pharmacological benefits of agomelatine
and vanillin in experimental model of Huntington’s disease. Pharmacol. Biochem.
Behav. 122, 122-135. doi: 10.1016/j.pbb.2014.03.022

Habibyar, A. F., Sharma, N., and Khurana, N. (2016). PASS assisted prediction
and pharmacological evaluation of hesperidin against scopolamine induced
amnesia in mice. Eur. J. Pharmacol. 789, 385-394. doi: 10.1016/j.ejphar.2016.07.
013

Hamulakova, S., Janovec, L., Soukup, O., Jun, D., and Kuca, K. (2017). Synthesis,
in vitro acetylcholinesterase inhibitory activity and molecular docking of new
acridine-coumarin hybrids. Int. J. Biol. Macromol. 104, 333-338. doi: 10.1016/j.
ijbiomac.2017.06.006

Frontiers in Neuroscience

27

10.3389/fnins.2022.1005972

Hasnat, M., Pervin, M., and Lim, B. (2013). Acetylcholinesterase inhibition
and in vitro and in vivo antioxidant activities of ganoderma lucidum grown on
germinated brown rice. Molecules 18, 6663-6678. doi: 10.3390/molecules18066663

Huang, W.-J., Zhang, X., and Chen, W.-W. (2016). Role of oxidative stress in
Alzheimer’s disease. Biomed. Rep. 4, 519-522. doi: 10.3892/br.2016.630

Joshi, H., and Parle, M. (2006). Brahmi rasayana improves learning and memory
in mice. Evid. Based Complement. Altern. Med. 3, 79-85. doi: 10.1093/ecam/
nek014

Kameyama, T., Nabeshima, T., and Kozawa, T. (1986). Step-down-type passive
avoidance- and escape-learning method. Suitability for experimental amnesia
models. . Pharmacol. Methods 16, 39-52. doi: 10.1016/0160-5402(86)90027-6

Keller, J. N., Lauderback, C. M., Butterfield, D. A, Kindy, M. S., Yu, J., and
Markesbery, W. R. (2000). Amyloid beta-peptide effects on synaptosomes from
apolipoprotein E-deficient mice. J. Neurochem. 74, 1579-1586. doi: 10.1046/j.
1471-4159.2000.0741579.x

Khurana, N., Ishar, M. P. S., Gajbhiye, A., and Goel, R. K. (2011). PASS
assisted prediction and pharmacological evaluation of novel nicotinic analogs for
nootropic activity in mice. Eur. J. Pharmacol. 662, 22-30. doi: 10.1016/j.ejphar.
2011.04.048

Kwon, S.-H., Kim, H.-C,, Lee, S.-Y., and Jang, C.-G. (2009). Loganin improves
learning and memory impairments induced by scopolamine in mice. Eur. J.
Pharmacol. 619, 44-49. doi: 10.1016/j.ejphar.2009.06.062

Lieben, C. K. J.,, Blokland, A., $ik, A., Sung, E., van Nieuwenhuizen, P.,
and Schreiber, R. (2005). The selective 5-HT6 receptor antagonist Ro4368554
restores memory performance in cholinergic and serotonergic models of memory
deficiency in the rat. Neuropsychopharmacology 30, 2169-2179. doi: 10.1038/sj.
npp.1300777

Lyra e Silva, N. M., Gongalves, R. A., Pascoal, T. A., Lima-Filho, R. A. S, de
Resende, E. P. F., Vieira, E. L. M, et al. (2021). Pro-inflammatory interleukin-
6 signaling links cognitive impairments and peripheral metabolic alterations
in Alzheimer’s disease. Transl. Psychiatry 11:251. doi: 10.1038/s41398-021-01
349-z

Marwaha, A., Goel, R. K, and Mahajan, M. P. (2007). PASS-predicted
design, synthesis and biological evaluation of cyclic nitrones as nootropics.
Bioorganic Med. Chem. Lett. 17, 5251-5255. doi: 10.1016/j.bmcl.2007.
06.071

McGleenon, B. M. Dynan, K. B, and Passmore, A. P. (1999).
Acetylcholinesterase inhibitors in Alzheimer’s disease. Br. J. Clin. Pharmacol. 48,
471-480. doi: 10.1046/j.1365-2125.1999.00026.x

Mehta, M., Adem, A., and Sabbagh, M. (2012). New acetylcholinesterase
inhibitors for Alzheimer’s disease. Int. J. Alzheimers Dis. 2012:728983. doi: 10.
1155/2012/728983

Miyata, M., and Smith, J. D. (1996). Apolipoprotein E allele-specific antioxidant
activity and effects on cytotoxicity by oxidative insults and B-amyloid peptides.
Nat. Genet. 14, 55-61. doi: 10.1038/ng0996- 55

Morgese, M. G., Schiavone, S., and Trabace, L. (2017). Emerging role of amyloid
beta in stress response: Implication for depression and diabetes. Eur. J. Pharmacol.
817, 22-29. doi: 10.1016/j.¢jphar.2017.08.031

Morris, R. G. M. (1981). Spatial localization does not require the presence
of local cues. Learn. Motiv. 12, 239-260. doi: 10.1016/0023-9690(81)90
020-5

Musardo, S., and Marcello, E. (2017). Synaptic dysfunction in Alzheimer’s
disease: From the role of amyloid p-peptide to the a-secretase ADAM10. Eur. J.
Pharmacol. 817, 30-37. doi: 10.1016/j.ejphar.2017.06.018

Nazari, Q. A., Kume, T., Takada-Takatori, Y., Izumi, Y., and Akaike, A.
(2013). Protective effect of luteolin on an oxidative-stress model induced by
microinjection of sodium nitroprusside in mice. J. Pharmacol. Sci. 122, 109-117.
doi: 10.1254/jphs.13019FP

Neugroschl, J., and Wang, S. (2011). Alzheimer’s disease: Diagnosis and
treatment across the spectrum of disease severity. Mt. Sinai J. Med. 78, 596-612.
doi: 10.1002/msj.20279

Nifo, J., Herndndez, J. A., Correa, Y. M., and Mosquera, O. M. (2006).
In vitro inhibition of acetylcholinesterase by crude plant extracts from colombian
flora. Mem. Inst. Oswaldo Cruz 101, 783-785. doi: 10.1590/S0074-0276200600070
0013

Nisbet, R. M., Polanco, J.-C., Ittner, L. M., and Gétz, J. (2015). Tau aggregation
and its interplay with amyloid-B. Acta Neuropathol. 129, 207-220. doi: 10.1007/
s00401-014-1371-2

O’Keefe, J. (1979). A review of the hippocampal place cells. Prog. Neurobiol. 13,
419-439. doi: 10.1016/0301-0082(79)90005-4

Ogura, H., Kosasa, T., Kuriya, Y., and Yamanishi, Y. (2000). Donepezil,
a centrally acting acetylcholinesterase inhibitor, alleviates learning deficits in

frontiersin.org


https://doi.org/10.3389/fnins.2022.1005972
https://doi.org/10.22159/ajpcr.2017.v10s4.21330
https://doi.org/10.22159/ajpcr.2017.v10s4.21330
https://doi.org/10.1351/pac200173030555
https://doi.org/10.1016/S0301-0082(98)00085-9
https://doi.org/10.2174/138161206777698855
https://doi.org/10.2174/138161206777698855
https://doi.org/10.3791/2920
https://doi.org/10.1177/1179573517709278
https://doi.org/10.1089/rej.2013.1519
https://doi.org/10.1007/s11064-016-1901-5
https://doi.org/10.1155/2015/626028
https://doi.org/10.1155/2015/626028
https://doi.org/10.1155/2012/357368
https://doi.org/10.1523/JNEUROSCI.10-11-03531.1990
https://doi.org/10.1523/JNEUROSCI.10-11-03531.1990
https://doi.org/10.1016/0006-2952(61)90145-9
https://www.erbalachema.com/attachments/TOTALPROTEIN_BLT00054_55_A.pdf
https://www.erbalachema.com/attachments/TOTALPROTEIN_BLT00054_55_A.pdf
https://doi.org/10.1017/S1092852900014164
https://doi.org/10.1016/j.neuropsychologia.2004.06.007
https://doi.org/10.1016/j.ejphar.2017.05.062
https://doi.org/10.1007/s00044-010-9398-y
https://doi.org/10.1155/2012/974013
https://doi.org/10.1155/2012/974013
https://doi.org/10.1016/j.pbb.2014.03.022
https://doi.org/10.1016/j.ejphar.2016.07.013
https://doi.org/10.1016/j.ejphar.2016.07.013
https://doi.org/10.1016/j.ijbiomac.2017.06.006
https://doi.org/10.1016/j.ijbiomac.2017.06.006
https://doi.org/10.3390/molecules18066663
https://doi.org/10.3892/br.2016.630
https://doi.org/10.1093/ecam/nek014
https://doi.org/10.1093/ecam/nek014
https://doi.org/10.1016/0160-5402(86)90027-6
https://doi.org/10.1046/j.1471-4159.2000.0741579.x
https://doi.org/10.1046/j.1471-4159.2000.0741579.x
https://doi.org/10.1016/j.ejphar.2011.04.048
https://doi.org/10.1016/j.ejphar.2011.04.048
https://doi.org/10.1016/j.ejphar.2009.06.062
https://doi.org/10.1038/sj.npp.1300777
https://doi.org/10.1038/sj.npp.1300777
https://doi.org/10.1038/s41398-021-01349-z
https://doi.org/10.1038/s41398-021-01349-z
https://doi.org/10.1016/j.bmcl.2007.06.071
https://doi.org/10.1016/j.bmcl.2007.06.071
https://doi.org/10.1046/j.1365-2125.1999.00026.x
https://doi.org/10.1155/2012/728983
https://doi.org/10.1155/2012/728983
https://doi.org/10.1038/ng0996-55
https://doi.org/10.1016/j.ejphar.2017.08.031
https://doi.org/10.1016/0023-9690(81)90020-5
https://doi.org/10.1016/0023-9690(81)90020-5
https://doi.org/10.1016/j.ejphar.2017.06.018
https://doi.org/10.1254/jphs.13019FP
https://doi.org/10.1002/msj.20279
https://doi.org/10.1590/S0074-02762006000700013
https://doi.org/10.1590/S0074-02762006000700013
https://doi.org/10.1007/s00401-014-1371-2
https://doi.org/10.1007/s00401-014-1371-2
https://doi.org/10.1016/0301-0082(79)90005-4
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org/

Anand et al.

hypocholinergic models in rats. Methods Find. Exp. Clin. Pharmacol. 22, 89-95.
doi: 10.1358/mf.2000.22.2.796070

Ohkawa, H., Ohishi, N., and Yagi, K. (1979). Assay for lipid peroxides in animal
tissues by thiobarbituric acid reaction. Anal. Biochem. 95, 351-358. doi: 10.1016/
0003-2697(79)90738-3

Parle, M., Dhingra, D., and Kulkarni, S. K. (2004). Memory-
strengthening activity of glycyrrhiza glabra in exteroceptive and Interoceptive
behavioral models. J. Med. Food 7, 462-466. doi: 10.1089/jmf.2004.
7.462

Pedersen, W. A., Chan, S. L., and Mattson, M. P. (2000). A mechanism for
the neuroprotective effect of apolipoprotein E: Isoform-specific modification by
the lipid peroxidation product 4-hydroxynonenal. J. Neurochem. 74, 1426-1433.
doi: 10.1046/j.1471-4159.2000.0741426.x

Saleem Ali-Shtayeh, M., Majed Jamous, R., Yousef Abu Zaitoun, S., Basem
Qasem, I, Author, C,, and Ali-Shtayeh, M. S. (2014). In-vitro screening of
acetylcholinesterase inhibitory activity of extracts from Palestinian indigenous
flora in relation to the treatment of Alzheimer’s disease. Funct. Foods Heal. Dis.
4, 381-400. doi: 10.31989/ffhd.v419.149

Scoville, W., and Milner, B. (1957). Loss of recent memory after bilateral
hippocampal lesions. J. Neurol. Neurosurg. Psychiatry 20, 11-21. doi: 10.1136/
jnnp-2015-311092

Sharma, A. C., and Kulkarni, S. K. (1990). Evidence for GABA-BZ receptor
modulation in short-term memory passive avoidance task paradigm in mice.
Methods Find. Exp. Clin. Pharmacol. 12, 175-180.

Frontiers in Neuroscience

28

10.3389/fnins.2022.1005972

Sharma, N., Khurana, N., and Muthuraman, A. (2017). Lower vertebrate and
invertebrate models of Alzheimer’s disease — A review. Eur. J. Pharmacol. 815,
312-323. doi: 10.1016/j.¢jphar.2017.09.017

Singh, M., Kaur, M., Kukreja, H., Chugh, R., Silakari, O., and Singh, D.
(2013). Acetylcholinesterase inhibitors as Alzheimer therapy: From nerve toxins
to neuroprotection. Eur. J. Med. Chem. 70, 165-188. doi: 10.1016/j.ejmech.2013.
09.050

Song, S., Ma, X, Zhou, Y., Xu, M., Shuang, S., and Dong, C. (2016). Studies
on the interaction between vanillin and B-Amyloid protein via fluorescence
spectroscopy and atomic force microscopy. Chem. Res. Chinese Univ. 32, 172-177.
doi: 10.1007/540242-016-5347-8

Subramaniam, R., Koppal, T., Green, M., Yatin, S., Jordan, B., Drake, J., et al.
(1998). The free radical antioxidant vitamin e protects cortical synaptosomal
membranes from amyloid p-Peptide(25-35) toxicity but not from hydroxynonenal
toxicity: Relevance to the free radical hypothesis of Alzheimers disease.
Neurochem. Res. 23, 1403-1410. doi: 10.1023/A:1020754807671

Tabet, N. (2006). Acetylcholinesterase inhibitors for Alzheimer’s disease: Anti-
inflammatories in acetylcholine clothing! Age Ageing 35, 336-338. doi: 10.1093/
ageing/afl027

Vasudevan, M., and Parle, M. (2008). Memory-enhancing activity of Thespesia
populnea in rats. Pharm. Biol. 45, 267-273. doi: 10.1080/13880200701214631

Vorhees, C. V., and Williams, M. T. (2006). Morris water maze: Procedures
for assessing spatial and related forms of learning and memory. Nat. Protoc. 1,
848-858. doi: 10.1038/nprot.2006.116

frontiersin.org


https://doi.org/10.3389/fnins.2022.1005972
https://doi.org/10.1358/mf.2000.22.2.796070
https://doi.org/10.1016/0003-2697(79)90738-3
https://doi.org/10.1016/0003-2697(79)90738-3
https://doi.org/10.1089/jmf.2004.7.462
https://doi.org/10.1089/jmf.2004.7.462
https://doi.org/10.1046/j.1471-4159.2000.0741426.x
https://doi.org/10.31989/ffhd.v4i9.149
https://doi.org/10.1136/jnnp-2015-311092
https://doi.org/10.1136/jnnp-2015-311092
https://doi.org/10.1016/j.ejphar.2017.09.017
https://doi.org/10.1016/j.ejmech.2013.09.050
https://doi.org/10.1016/j.ejmech.2013.09.050
https://doi.org/10.1007/s40242-016-5347-8
https://doi.org/10.1023/A:1020754807671
https://doi.org/10.1093/ageing/afl027
https://doi.org/10.1093/ageing/afl027
https://doi.org/10.1080/13880200701214631
https://doi.org/10.1038/nprot.2006.116
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org/

	Ameliorative effect of vanillin on scopolamine-induced dementia-like cognitive impairment in a mouse model
	Introduction
	Materials and methods
	PASS online program
	Evaluation of acetylcholinesterase activity of vanillin (in vitro)
	Animals
	Drugs and chemicals
	Experimental design
	Exteroceptive memory model
	Scopolamine-induced dementia model

	Evaluation of locomotor activity
	Evaluation for ameliorative effect on the basis of behavioral parameters
	Transfer latency test
	Parameters

	Step-down latency test
	Parameters

	Escape latency test
	Pre-experimental preparation
	Day 6 (Training trial)
	Days 7–10 (Acquisition trials)
	Day 11: Probe trial (Retention)
	Parameters


	Biochemical estimation
	Estimation of thiobarbituric acid-reactive substances
	Procedure for TBARS estimation in the brain cortex and hippocampus of mice

	Estimation of reduced glutathione (GSH)
	Procedure for GSH estimation in the brain cortex and hippocampus of mice

	Estimation of catalase activity
	Procedure for estimation of CAT activity in the brain cortex and hippocampus of mice

	Estimation of AChE activity
	Procedure for estimation of AChE activity in the brain cortex and hippocampus of mice

	Estimation of total protein in the cortex and hippocampus
	Estimation of mouse IL-6 and TNF-

	Statistical analysis

	Results
	PASS-predicted analysis of vanillin (in silico)
	In vitro acetylcholinesterase inhibitory assay of vanillin

	In vivo study (exteroceptive memory model)
	Effect of vanillin on locomotor activity
	Locomotor activity on the 0th day
	Locomotor activity on the 2nd day
	Locomotor activity (5th day)
	Locomotor activity (9th day)

	Effect of vanillin on step-down latency
	Effect of vanillin on transfer latency
	Effect of vanillin on escape latency
	Acquisition trials ([F5]Figure 5)
	Training trial
	Acquisition trial 1
	Acquisition trial 2
	Acquisition trial 3
	Acquisition trial 4
	Probe trial


	Effect of vanillin on TBARS
	TBARS assay ([F8]Figure 8)
	In the cortex
	In the hippocampus


	Effect of vanillin on GSH
	GSH assay ([F9]Figure 9)
	In the cortex
	In the hippocampus


	Effect of vanillin on catalase activity
	Catalase activity assay ([F10]Figure 10)
	In the cortex
	In the hippocampus


	Effect of vanillin on acetylcholinesterase activity
	AChE activity assay ([F11]Figure 11)
	In the cortex
	In the hippocampus



	In vivo study (scopolamine-induced dementia model)
	Effect of vanillin on locomotor activity
	Locomotor activity
	Locomotor activity on the 0th day
	Locomotor activity on the 2nd day
	Locomotor activity on the 5th day
	Locomotor activity on the 9th day


	Effect of vanillin on step-down latency
	Effect of vanillin on transfer latency
	Effect of vanillin on escape latency
	Acquisition trials ([F15]Figure 15)
	Training trial
	Acquisition trial 1
	Acquisition trial 2
	Acquisition trial 3
	Acquisition trial 4
	Probe trial


	Effect of vanillin on TBARS
	TBARS assay ([F18]Figure 18)
	In the cortex
	In the hippocampus


	Effect of vanillin on GSH
	GSH assay ([F19]Figure 19)
	In the cortex
	In the hippocampus


	Effect of vanillin on catalase activity
	Catalase activity assay ([F20]Figure 20)
	In the cortex
	In the hippocampus


	Effect of vanillin on acetylcholinesterase activity
	AChE activity assay ([F21]Figure 21)
	In the cortex
	In the hippocampus


	Effect of vanillin on IL-6
	IL-6 concentration assay
	In the cortex and hippocampus


	Effect of vanillin on TNF-
	TNF- concentration assay
	In the cortex and hippocampus




	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


