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Abstract

Background: There is a strong correlation between oxidative stress and neurodegenerative diseases like Alzheimer’s
Disease (AD). There has been a lot of thought put into finding medicinal plants with nootropic properties to slow the
onset and course of AD. Aim: The study aimed to evaluate the Methanolic Extract of Saussurea lappa Clarke (MESC) on
oxidative stress and cognitive ability induced by aluminium exposure. Methods: Wistar albino rats were chosen for the
study. About 30 animals were selected and grouped into 5 of six animals each, group I served as the control, group II
was disease induced (aluminium-induced), group III, IV and V were administered standard drug - Donepezil HCI, and
MESC at two doses — 200 and 400 mg/kg. The behavioural studies were examined by using certain apparatus like the
Passive Avoidance (PA) test, the elevated plus maze, the Y-maze and the actophotometer. Determination of antioxidant
enzymes - Catalase (CAT) and Thiobarbituric Acid Reactive Substances (TBARS) along with acetylcholinesterase (AChE)
levels was done in rat’s brain homogenate. Results: In the PA test, MESC at doses of 200 and 400 mg/kg significantly (**p
< 0.01) lengthened Step-Through Latency (STL) in rats on day 30 as compared to positive control animals. Animals at
MESC (200 and 400 mg/kg) showed noticeably higher Memory Retention (MR) rates as compared to the disease-induced
rats. Additionally, MESC (200 and 400 mg/kg) significantly (**p < 0.01) raised CAT and decreased the concentration of
TBARS. AChE concentration was significantly (**p < 0.01) reduced at the dose of MESC at 200 and 400 mg/kg as compared
to the disease animals. Conclusion: The present study showed that MESC had a strong nootropic effect on antioxidant
indicators and cognitive ability in rats exposed to chemical-induced oxidative stress. These findings may be investigated in
the treatment of neurodegenerative diseases, including AD.

Keywords: Acetylcholinesterase (AChE), Catalase, Learning, Memory, Oxidative Stress, Saussurea lappa

1. Introduction

Alzheimer’s Disease (AD) is a progressive neurological
disorder that impairs memory and cognitive abilities.
In elderly people, it remains the most common cause
of dementia. Alzheimer’s disease is assumed to be
caused by a combination of lifestyle, environmental,
and genetic factors, while its exact cause is unknown'.
The buildup of aberrant protein deposits in the brain,
which impair normal brain function and cause nerve
cell death, is one of the main characteristics of AD. It
begins with minor disorientation and memory loss,
gets worse over time. Additional typical symptoms
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include changes in attitude and behaviour, difficulties
with language, and impaired reasoning and judgment.
Although there is not a cure for Alzheimer’s disease at
present, there are therapies that can help some people
manage their symptoms and live better”.

In addition to the non-pharmacological therapies
including cognitive stimulation therapy and caregiver
support, treatments may use prescription drugs to help
with behavioural symptoms and cognitive performance.
The goal of current research on Alzheimer’s disease is
to comprehend its fundamental causes, create novel
treatments, and eventually find a cure. For those with
Alzheimer’s disease, early detection and management
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are crucial to optimizing treatment efficacy and
enhancing outcomes’.

The generation of free radicals and the deterioration
of the body’s capacity to eliminate them or repair causes
to oxidative stress”. Reactive Oxygen Species (ROS) are
very reactive oxygen-containing compounds, including
hydrogen peroxide, hydroxyl radicals, and superoxide
radicals®. These substances can harm DNA, proteins,
and lipids found in cells. Oxidative stress can cause
brain damage to neurons in the context of Alzheimer’s
disease. Because of their high metabolic activity,
comparatively low amounts of antioxidant enzymes,
and high concentrations of readily oxidizable lipids,
neurons are especially susceptible to oxidative damage”.
Accumulation of oxidative damage in neurons can
impair their function and contribute to neuronal death,
which is a hallmark of Alzheimer’s pathology®.

Moreover, the aggregation of abnormal protein,
such as beta-amyloid plaques and tau tangles,
exacerbates the oxidative stress which forms the
characteristic feature of Alzheimer’s disease’. These
protein aggregates can further induce oxidative stress
and neuronal damage, creating a vicious cycle that
contributes to disease progression. Several studies have
provided evidence in support of the involvement of
oxidative stress in Alzheimer’s disease®’. For example,
markers of oxidative damage, such as lipid peroxidation
products and protein carbonyls, have been found to be
elevated in the brains of individuals with Alzheimer’s
compared to healthy controls. Moreover, a higher risk
of Alzheimer’s disease has been connected to genetic
variations linked to antioxidant defence mechanisms'’.

Although additional research is required to fully
understand the intricate interplay between oxidative stress
and Alzheimers pathology, targeting oxidative stress
pathways may provide a possible effective management
and prevention of Alzheimer’s disease''. According
to several studies, people with AD have more protein
carbonyls in various parts of their brains. In Alzheimer’s
patients, glutamine synthetase and creatine kinase levels
in the brain are low and more susceptible to oxidative
modification'”. The brain is known to have higher
amounts of lipid peroxidation in AD, where degenerative
alterations are clearer. Because of their double bonds,
Polyunsaturated Fatty Acids (PUFAs) in the brain are
especially vulnerable to damage by free radicals. The
oxidation of arachidonic and docosahexaenoic acid,
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specifically, causes lipid peroxidation in AD by the
generation of aldehydes. Oxidation of DNA can lead to
base alterations, strand breakage, sister chromatid swaps,
and cross linking of DNA-protein'”.

Numerous investigations have shown that the
brains of AD have more DNA damage. 8-hydroxy-2-
deoxyguanosine (8-OHAG) is the most highly marked
DNA adduct known. Whenever proteins undergo post
translational changes, they lead to the formation of
advanced glycation end products, that attribute to AD
through oxidative alterations of tau and A-peptides.
Additionally, the brain’s high oxygen consumption rate,
quick transitional metal metabolism, and significant
amount of quickly oxidized lipids make it extremely
vulnerable to oxidative damage and weaken its
antioxidant defences'*.

Aluminjum is a neurotoxic that alters the
concentration of oxygen in the blood, drifts the Blood-
Brain Barrier (BBB), and damages the Central Nervous
System (CNS). Aluminium causes the accumulation
of insoluble a beta and hyper phosphorylated tau
protein aggregates that contain Neurofibrillary Tangles
(NFTs) and induces detrimental changes to cholinergic
neurotransmission'”.

In the ancient Indian system of medicine, S. lappa
(family Asteraceae) was popular for its medicinal
uses. Also known as Kuthroot or Costus and is used
for wulcers, convulsions, cancers, and possesses
hepatoprotective, anti-arthritic, anti-viral activities'®.
The bioactive compounds in this plant were costunolide,
isodihydrocostunolide, and cynaropicr in which were
shown to have the potential to be a source for the
creation of novel compounds to treat AD'".

Therefore, the current study aimed to prospect the
nootropic effect of S. lappa in aluminium-induced
Alzheimer’s model and investigate the impact on
mental ability, antioxidant enzymes in the brain, and
acetylcholinesterase activity in experimental rats.

2. Materials and Methods

2.1 Collection and Identification of Plant
Materials

Authentication of S. lappa was done by an eminent
botanist, Department of Botany, S V University,
Tirupati and voucher specimen was (Pt 0823 and Pt
0754) preserved in the herbarium.
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2.2 Extraction of Plant Material

Soxhlet extraction was chosen to extract the plant S.
lappa using methanol as a solvent. Five kilograms of
fresh leaves were gathered, shade-dried, and then
ground into a powder using a mixer. By means of the
Soxhlet apparatus, the dried plant powder was extracted
with methanol to produce a proper extract. The filtrate
was then filtered and dried'®.

2.3 Animals

Six wistar rats (25-30 g) were included in each group
(n=6), with seven groups in total. To get acclimatized,
animals were housed for seven days in an air-
conditioning system room, 22+1°C temperature, and
55+1% humidity, free access to water, and a standard
diet. The protocol bearing with the number 1447/
PO/Re/S/11/CPCSEA-74/A  was approved by the
Institutional Animal Ethics Committee (IAEC).

2.4 Acute Oral Toxicity Studies

Animals of six rats (n=6) in each group were divided.
Administration of doses of 100, 200, 500, 1000, 1500,
and 2000 mg/kg via intragastric tube to rats with a
prior fasting of 3-4 hours. The food was withheld for
1-2 hours afterwards, but supplied with water. The rats
were examined for behavioural or neurological toxicity
and mortality for a day'’.

2.4 Grouping of Animals

Rats were divided into five groups of six rats each (n=6).
Grouplwas considered the control group. Group 2, 3,
4 and 5 animals were administered with aluminium
maltolate (10 mg/kg, p.o.), Group 3, 4, and 5 were given
donepezil hydrochloride (1 mg/kg, p.o.), MESC (200
and 400 mg/kg, p.o.).

2.5 Behavioural Study in Animals

Animals were trained from 10° clock in the morning
to 3° clock in an insusceptible to sound area in the
apparatus prior to the administration of the test extract.

2.5.1 Passive Avoidance (PA) Test

The passive avoidance test is a commonly used
behavioural assay in animal research, particularly in the
fields of neuroscience and pharmacology. It is employed
to evaluate memory and learning, particularly aversive

Humera Sadia and Govindu Sumalatha 2017

memory, in rodents like mice and rats. The apparatus
has a two-chambered box or apparatus. One chamber
is illuminated and considered the "safe" chamber, while
the other chamber is darkened and associated with
an aversive stimulus. There were two compartments
in the apparatus, each 270 mm deep and (360X370
mm) in area, with a 90 mm-diameter sliding door.
An independent grid floor set measuring 0.9 cm was
linked to a shock generator that could produce shocks
at a rate of up to 0.5 mA. A fluorescent lamp lit the
light compartment. Common aversive stimuli used in
the test include mild foot shocks or a brief exposure
to an unpleasant odour. There were two phases named
training and testing phase, in which each animal had to
undergo for the evaluation of the test drugs in both the
phases. During the training phase, in an illuminated
chamber, an animal was placed, as soon as the animal
was comfortable, the entrance to the dark cell is opened.
As soon as the animal entered the dark area, it received
a mild electrical foot shock for 3 seconds. The door
is then closed, preventing the animal from returning
to the illuminated chamber. The testing phase was
conducted after 24 hours of training phase, the animal
was placed in the illuminated chamber, and the latency
period (called Initial Transfer Latency (ITL)) to enter
the dark cell was recorded. After the training period, up
to 300 seconds, the number of latencies to re-enter the
dark cell was identified as Step-Through Latency (STL).
Animals with intact fear memory tend to show longer
latencies to enter the dark cell compared to animals
with impaired fear memory”’.

On 29" and 30* days ITL and STL were determined.
The formula was used to determine the percentage of
Memory Retention (MR) was as follows -

% MR = (STL — ITL)/ITL x 100

The passive avoidance test is valuable for studying
various aspects of learning and memory, as well as
for evaluating potential therapeutic interventions for
conditions involving memory deficits in Alzheimer’s
disease.

2.5.2 Elevated Plus Maze Method

This is a valuable tool for studying anxiety-related
behaviour and assessing the effects of pharmacological
or genetic manipulations on anxiety levels in rodents.
In the description of the apparatus, it consisted of four
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arms arranged in a plus-shaped configuration. The two
arms that formed a "plus" configuration was enclosed
by walls, while the other two, which were in opposition
to one another, were open and free of barriers. The
maze was elevated above the ground for the induction
of aversion to open spaces, thereby triggering with
anxiety - like behaviours. Before testing, animals are
usually acclimatized to the testing room for a period
to reduce the influence of novel environmental
factors. The animal was positioned in the centre at the
intersection of the open and closed arms, facing one of
the closed arms. A 5-minute reading was recorded. The
open and closed arm entries were recorded”'.

2.5.3 Actophotometer test (Locomotor Count)

The Actophotometer test provides a quantitative
assessment of locomotor activity and is valuable for
studying various physiological and pharmacological
factors that influence motor function and behaviour in
rats and mice. This device typically consists of a small
chamber equipped with sensors that detect movement.
The sensors may be infrared beams or photocells
positioned around the chamber. Allow the animals to
acclimate to the testing room for a period to reduce the
influence of novel environmental factors, the animal
was placed in the chamber and the movement of the
rat that passed the light beam through the photocell
was interrupted, and the locomotor count was then
recorded””.

2.6 Biochemical Study

Isolating the brain from rats for biochemical analysis
involves several steps to ensure the integrity of the tissue
and accurate measurement of biochemical parameters.
At the end of the experiment, by means of cervical
dislocation, the animals were sacrificed. After dividing
the brain region free of the cerebellum, 10% of the brain
was homogenized using ice-cold 30 mM phosphate
buffer (pH 7.6) and cleaned with ice-cold saline. Then the
homogenate was allowed to be centrifuged at 4°C for half-
an hour at 20,000 RPM. Antioxidant enzymes and AchE
enzymes were estimated using standard methods™’.

2.6.1 Catalase (CAT) Assay

In 10% of the brain tissue homogenate, 3 ml of the
test extract, 0.4 ml of 5.9 mM H,0,, and 2.5 ml of 50
mM phosphate buffer (pH 5.0) were dissolved. The
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absorbance at 240 nm was then measured after the
reaction mixture was incubated for one minute”*.

2.6.2 Lipid Peroxidation (TBARS) Assay

In a test tube, add 0.2 ml of the 10% tissue homogenate,
0.02 ml of 100 mM FeCl,, 0.02 ml of 100 mM ascorbic
acid, and 0.58 ml of 0.1 M phosphate buffer (pH 7.4),
then 1.0 ml of the extract. Following the incubation
for an hour at 37 °C, the reaction was stopped with the
addition of 1.0 ml of 10% TCA in a water bath shaker
after it had been. Each test tube was brought to a boil
in a water bath for 20 minutes after 1.0 cc of 0.67%
TBA had been added. After that, the test tubes were
placed in a bath of crushed ice and centrifuged for ten
minutes at 2500 g. At 535 nm in UV light, the amount
of TBARS produced in each sample was measured and
represented as nM/min/mg protein, with a value of
1.56 x 105 M ™! cm™! as a molar extinction coefficient””.

2.6.3 Acetylcholinesterase (AChE) Assay

With the modifications to the ellman method, AChE
activity was determined. In a 96 well plate, 25ul of 15 mM
ATCI, 75ul of 3 mM DTNB and 75l of 50 mM Tris-HCI
(pH 8.0) and 0.1% of BSA were added, and at 25°C it was
incubated for 5 min. The absorbance was measured at 405
nm after the addition of 25yl of brain tissue homogenate
that was incubated at 25°C for five minutes. The AChE
activity was represented as M/min/g protein”.

2.7 Histopathological Examination of
Brain Hippocampus

The brain tissues that were extracted underwent standard
procedures for light microscopy and were conserved in
a 10% neutral buffered formal saline solution. Neurons
within the CAl region of multiple hippocampal areas
were quantified utilizing a morphometric lens, followed
by the computation of the average count””**.

2.8 Statistical Analysis

The data was represented as mean + SEM. One-way
ANOVA followed by post hoc Dunnett’s test, a p value
<0.05 was considered statistically significant.

3. Results

Preliminary phytochemical screening revealed the
presence of carbohydrates, amino acids, proteins,
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alkaloids, cardiac glycosides, triterpenoids, saponins,
flavonoids, phenolic compounds, tannins, and
steroids. GC-MS analysis carried on methanolic
fraction of S. lappa showed the existence of bio
active compounds like 2-nonynoic acid, lupeol and
dodecanal®™.

3.1 Determination of Acute Toxicity

Throughout the course of 14 days of observation, there
were no detrimental effects on the behavioural, motor,
or neural reactions of the experimental rats with MESC
up to a dosage level of 2000 mg/kg, thus the extracts
were assumed to be safe.

Humera Sadia and Govindu Sumalatha 2019

3.2 Assessment of Behavioural Paradigm

In the passive avoidance test procedure, the ITL, STL
and percentage of memory retention was recorded on
the 29" and 30" days. In test drug treated animals, there
wasan increase in STL with both doses significantly (200
and 400 mg/kg), the values were found to be significant
as represented in Table 1a and 1b respectively.

In the assessment of the locomotor activity of rats,
the locomotor score on days 3, 5 and 7 was recorded.
It was observed that the locomotor score increased
subsequently from day 3 to 5, showed a remarkable and
a significant (**p<0.01) effect with the treatment of the
test extracts (Table 2 and Figure 1).

Table 1a. Effect of MESC on learning and memory in PA test on day 29

Groups Latency in passive shock avoidance (seconds) % of Memory retention
ITL STL
Normal control 91.12+£2.10 165.60+2.42 22.50+1.9
Positive control 78.31+1.22 120.43+1.81 53.8+1.52
Standard 113.54+4.21%* 205.67+3.65** 81.41+1.71%*
MESC 200mg/kg 119.11£2.32%* 194.87+£3.24%* 63.02+1.09**
MESC 400mg/kg 109.91+2.41%* 189.42+3.52%* 7234 £1.76**

**p<0.01 was considered as significant; test and standard groups were compared with respective control groups.

Table 1b. Effect of MESC on learning and memory in PA test on day 30

Groups Latency in passive shock avoidance (seconds) % of Memory retention
ITL STL
Normal control 91.12+2.10 165.60+2.42 22.50+1.9
Positive control 81.31%£1.22 137.39£1.17 69.24+1.63
Standard 110.74+2.12%* 210.72+2.89%* 90.92+1.71**
MESC 200mg/kg 109.11+1.54%* 194.70+1.90** 77.98+1.09%*
MESC 400mg/kg 102.34+1.89%* 18.56+1.78** 83.34 £1.76**

**p<0.01 was considered as significant; test and standard groups were compared with respective control groups.

Table 2. Effect of MESC on locomotor activity in actophotometer

Groups Locomotive score (sec)
Day 3 Day 5 Day 7
Normal control 384.43+3.32 394.42+1.42 386.33+1.24
Disease control 186.42+2.65 162.67+2.14 145.33+1.45
Standard 166.33+2.61** 217.33+4.53%* 246.33+3.17%*
MESC 200 mg/kg 155.33+2.48** 184.67+3.78*%* 215.67+2.52%*
MESC 400 mg/kg 162.57+2.55%* 198.63+2.32*%* 236.67+5.85%*

**p<0.01 was considered as significant; test and standard groups were compared with respective control groups.
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Figure 1. Effect of MESC on locomotor score in actophotometer.

Anxiety associated behavior was recorded and it
was observed that the time spent in open arms was

increased significantly with a decreased time spent in Treatment Time spent in Time spent in
closed arms (**p<0.01) after the treatment with the test closed arm (sec) | open arm (sec)
extracts at 200 and 400 mg/kg respectively (Table 3 and Normal control 10.53+4.61 221.36+8.52
Figure 2). Disease control 93.73+3.34 146.56+9.22
In the estimation of antioxidant enzymes, it was Standard 48.27+3.93%* 187.88+6.33**
noted that the treatment with MESC (i.e., 200 and 400 MESC 200mg/kg 63.73+3.34%* 156.46£9.22%
mg/kg) significantly (**p < 0.01) increased the amounts MESC 400mg/kg 20.3742.69% 179511823+

of CAT but reduced the concentration of TBARS as
compared to the disease control animals. The standard

Table 3. Effect of MESC on time spent in the arms of

Elevated plus maze

**p<0.01 was considered as significant; test and standard groups

were compared with respective control groups.
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Effect of MESC on time spent in closed and open arms of elevated plus maze.
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drug showed a significant decline in (**p < 0.01) the
level of TBARS and a rise in catalase activity (Table 4
and Figure 3).

The activity of AChE in the rat brain tissue
homogenate is represented in Table 5. As compared
to the disease induced rats, donepezil treated animals
showed a significant (**p < 0.01) drop in AChE levels
in brain tissue homogenate. Treatment with MESC
at both doses -200 and 400 mg/kg demonstrated a
significant (**p< 0.01) decrease in the AChE activity as
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(CA1) neurons. The test drug at a dose of 200 mg/kg,
decreased neuronal necrosis (Figure 4B), and at a dose
of 400 mg/kg, there was moderate cell damage and
increased CA1 neuron density, depicted in Figure 4.

4. Discussion

Herbal drugs, also known as botanical medicines, have
been used since few decades in the traditional system
for a various health condition, including neurological

compared to disease control animals.

3.3 Histopathological Examination

In positive control animals, there was an eosinophilic
neuronal necrosis and neuronal nuclear pyknosis and a
significant reduction in hippocampal Cornu Ammonis

Table 4. Effect of MESC on Antioxidant enzymes in
brain homogenate

disorders. While conventional pharmaceuticals are
often the first line of treatment for neurological
conditions, there is a growing interest in exploring
the potential benefits of herbal remedies due to their
perceived safety, accessibility, and potential therapeutic
effects®. It is important to note that the effectiveness

Table 5. Effect of MESC on enzyme activity in brain
homogenate

Groups TBARS (uM/mg | Catalase (units/mg
tissue) protein)
Normal control 2.83+0.89 0.72+0.0429
Disease control 5.2340.21 0.45+0.03
Standard control 2.95+0.16" 0.67+0.02"
MESC 200mg/kg 3.36+0.89" 0.59+0.03"
MESC 400mg/kg 3.59+0.88™ 0.63+0.05"

**p<0.01 was considered as significant; test and standard groups
were compared with respective control groups.

Anti-oxidant enzymes

0.72

2.83

Normal control Disease control Standard control

5.23

0.45

Treatment AChE (moles x 10°%/min/ g of tissue)
Normal control 30.31+1.76
Disease control 4356+ 1.62
Standard control 14.23 + 2.52*%*
MESC 200mg/Kg 19.06 +2.48**
MESC 400mg/Kg 14.72 +2.57%*

Values were expressed in Mean + SEM. **p<0.01 was considered
as significant; Test and standard groups compared with respective
control groups.

0.59 _
0.67 -: T 0.63
2.95 3.36 3.59
MESC 200 MESC 400
mg/kg mg/kg

Groups

OMDA 0OCatalase

Figure 3. The effect of MESC on antioxidant enzymes in brain homogenate.
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Figure 4. (A).Normal hippocampus; (B). An illustration of the brain region in disease-induced rats; (C). Standard
drug donepezil HCl treated rat brain; (D). MESC 200mg/kg treated group; (E). MESC 400mg/kg treated group.

and safety of herbal drugs can vary widely, and not all
herbs are suitable for every individual or condition.
Additionally, scientific evidence supporting the use of
herbal drugs for neurological disorders varies in terms
of quantity and quality’’.

Research on medicinal plants that can improve
cognitive function is highly desired right now to
lessen the deleterious effects’”. This is the first study
to investigate the neuroprotective nature of the
methanolic extract of S. lappa in rats with aluminium-
induced oxidative stress and cognitive impairment
using a range of behavioural and biochemical
measures. An elevation of lipid peroxidation under
aluminium exposure subsequently causes reduction
of antioxidant enzyme activity including neurotoxicity
and mitochondrial dysfunction®. A few consequences
like the mitochondrial swelling and altered inner
mitochondrial membrane along with impaired
oxidative phosphorylation led to raise in the formation
of reactive oxygen species’. As a result, aluminium
induces neurons and glial cells to undergo apoptosis.
There is a reduction in Long-Term Potentiation (LTP)
with a chronic aluminium treatment that is widely
acknowledged as a paradigm of the memory system™.

Aluminium also inhibits a few
including those involved in the manufacture of
neurotransmitters, which has an impact on the number
of neurotransmitters. Aluminium also affects emotional
reactivity, hinders a variety of learning and memory-
related brain activities, and creates a deficiency in
spatial memory. In the present study, a neurotoxic
effect was induced by aluminium that affected the
learning and memory. The test extract of S. lappa was
evaluated in aluminium-induced memory deficit rats
using standard models.

In this study, after treatment with the test drug for
30 days, the drug exhibited a strong neuroprotective
effect in rats by improving learning ability and
memory, with anti-acetylcholinesterase properties. In
the fear-aggravated test (PT test), rats have learned
to avoid situations in which an unpleasant stimulus
such as a foot shock, thus helps to assess their learning
capacity’’. As previously mentioned, the latency
periods were recorded as ITL and analysed. The STL
measures the degree to which a negative experience
is recalled. The mean STL of the MESC-treated rats
was noticeably higher than that of the other groups.
Anxiety-like behaviour was investigated in an elevated

enzymes,
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plus maze where the entry of an anxious animal into
the open arms was less frequent and the animal would
stay for shorter periods of time than it would in the
closed arms.

This maze’s capacity to examine the effects of various
medications is by far its most beneficial feature. The
time spent in the closed arms was less than the time
spent in the open arms, after the treatment with the test
extract as compared to the positive control animals. An
enzyme known as catalase safeguards the cells from
oxidative damage caused by Reactive Oxygen Species
(ROS)™. Lipid peroxidation, or the oxidation of lipids,
stands as a major factor responsible for several disease
state in people of all ages. A consequence of exposing
lipids to different ROS (hydrogen peroxide, hydroxyl
radical, etc.) during their oxidative degradation is lipid
peroxidation, cell damage ensues during this process™.
Hence the antioxidant enzymes were measured in the
brain homogenate, and it was noticed that there was a
significant reduction in TBARS and increased levels of
catalase in test drug treated rats. ACh gets inactivated by
the AChE enzyme, at the neuromuscular junction and
cholinergic synapse’’. It was demonstrated that MESC-
treated rats had markedly lowered AChE activity. The
S. lappa extract boosted the levels of acetylcholine
and an improved the cognitive function of rats in the
present study.

In the previous study, it was proven that the GC-MS
analysis revealed the presence of bioactive constituents
that were responsible for the antioxidant property, anti-
neurological activity, and anti-inflammatory effect.
The same drug was evaluated further for learning
and memory, neuroprotection, and oxidative stress.
When the brain sections were examined in the test
drug treated animals, there was a decrease in neuronal
necrosis and cellular damage, hence the drug proved to
possess protection against neuronal damage.

5. Conclusion

The study revealed that treatment for 30 days developed
a nootropic like effect and restored the cognitive
impairment and oxidative stress that aluminium-
exposure had caused in them. MESCleaves may enhance
cognitive abilities, exerting control over antioxidant
enzymes in the brain, modifying acetylcholine levels,
and preventing cognitive dysfunction brought on by
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aluminium in rats’ brains. Therefore, compared to other
neurodegenerative conditions, AD can be managed
more successfully with the use of this fruit extract.
Despite these results, more investigation is required
to identify and isolate any potentially useful nootropic
compounds as well as to uncover any mechanisms of
action.
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