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ABSTRACT

Neurodegenerative disease is the most common type of mobility issue, but unfortunately, there is now no medication that
can alter the course of the disease. We don't know what causes this ailment. In mouse models of Parkinson's disease induced with
1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine, the oral administration of cinnamon powder and sodium benzoate may prevent the
death of dopaminergic cells, dysregulation of striatal neurotransmitters, and motor impairments. The mechanisms driving its
function include controlling autophagy, antioxidant effects, Parkin, DJ-1, and glial cell line-derived neurotrophic factor activation,
TLR/NF-kB pathway modulation, and excessive proinflammatory response prevention. Moreover, research carried out in both
laboratory and living organism settings has shown that cinnamon extracts may impact the oligomerisation and aggregation of a-
synuclein. This article's goal is to discuss recent findings about this phytochemical's potential as a novel treatment for Parkinson’s
disease (PD). We highlight additional areas of mechanism that require investigation and possible constraints that must be
overcome before this phytochemical may be used in PD trials. Neurodegenerative disease is the most common type of mobility
impairment, and unfortunately, there is now no medication that can alter this disease.

We don't know what causes this ailment. There has been a recent uptick in interest in medicinal plant use because of the
novelty, safety, and relative affordability of this field. The characteristic flavour and aroma of cinnamon, a spice that is often used,
may have neuroprotective effects on people with Parkinson’'s disease (PD) and other neurodegenerative diseases. The essential oils
of Cinnamomum species, such as cinnamaldehyde and sodium benzoate, have shown in vitro that they can protect cells from
oxidative stress, ROS generation, and autophagy dysregulation. Consequently, these oils may exert a neuroprotective effect. The
in vivo evidence suggests that cinnamon powder and sodium benzoate, when administered orally to Parkinson's disease models in
mice, may prevent the death of dopaminergic cells, dysregulation of striatal neurotransmitters, and motor deficits. In this essay,
we will go over the latest research on this phytochemical and its potential as a novel treatment for Parkinson’s disease (PD).
Incorporating this phytochemical into experimental PD treatments requires further investigation into additional molecular aspects
and the potential overcoming of constraints and obstacles.
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l. INTRODUCTION

Neurodegenerative disease is the most common
type of mobility impairment, and unfortunately, there is
now no medication that can alter this disease. We don't
know what causes this ailment. Therefore, in the present
setting, there is an increasing emphasis on novel, risk-
free, and cost-effective approaches that make use of
medicinal plants [1]. A growing amount of studies
suggests that cinnamon, a spice often used for its aromatic
and flavourful qualities, may have neuroprotective effects
in various neurodegenerative diseases, including [2,3]
Parkinson's disease (PD). There is some evidence from in
vitro experiments that the essential oils of Cinnamomum
species, particularly cinnamaldehyde and sodium
benzoate, may have neuroprotective effects by preventing
cell death caused by oxidative stress [4]. ROS formation,
and autophagy dysregulation. Oral administration of
cinnamon powder and sodium benzoate may buffer the
effects of 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine-
induced [5]. Parkinson’s disease in mice, including cell
death of dopaminergic neurones, dysregulation of striatal
neurotransmitters, and motor impairments [6]. Its activity
is supported by a series of activities that include
controlling autophagy, antioxidant actions, inducing
Parkin, DJ-1, and glial cell line-derived neurotrophic
factor, manipulating the TLR/NF-ZB pathway, and
preventing excessive proinflammatory responses [7-9]. In
addition, studies done in both labs and living organisms
have shown that cinnamon extracts may affect a-
synuclein oligomerization and aggregation. The novel
therapeutic potential of this phytochemical in the
treatment of Parkinson's disease (PD) is the focus of this
paper [10]. We highlight potential limitations and
obstacles that must be addressed before this
phytochemical can be included in experimental PD
therapies, as well as further molecular issues that require
investigation [11]. Neurodegenerative disease is the most
common type of mobility impairment, and unfortunately,
there is now no medication that can alter this disease [12].
We don't know what causes this ailment. Because they are
novel, safe, and inexpensive, therapeutic plant uses are
currently garnering a lot of interest [13]. A number of
neurodegenerative diseases, including Parkinson's disease
(PD), have demonstrated that cinnamon, a spice widely
used for its aromatic and flavourful qualities, may have
neuroprotective effects [14]. Evidence from in vitro
studies shows that cinnamaldehyde and sodium benzoate,
two components of Cinnamomum essential oils, can
protect cells from oxidative stress, ROS generation, and
autophagy dysregulation [15]. Accordingly, these oils
may exert a neuroprotective effect [16]. Oral
administration of cinnamon powder and sodium benzoate
has been shown in vivo to mitigate motor deficits,
dysregulation of striatal neurotransmitters, and
dopaminergic cell death in Parkinson's disease animal
models [17]. Recent research on this phytochemical's
potential as a novel treatment for Parkinson's disease (PD)

is reviewed in this article [18][19]. Incorporating this
phytochemical into experimental PD treatments requires
further investigation into additional molecular aspects and
the potential overcoming of constraints and obstacles
[20][21].

Life satisfaction is worsened by major
depressive illness compared to debt, divorce, and
diabetes, according to research [22][23]. Comorbidities
like cancer, anxiety, and heart disease are also increased.
Worldwide, major depressive illness ranks high among
the leading causes of disability. There is a large treatment
resistance rate among people with serious depressive
illness, even though many of these patients do well with
medication and psychotherapy [24]. Also, many
depressed persons have trouble getting the help they need.
Countries with high incomes cover therapy at 51% of the
cost, but poor and lower-middle income countries cover
treatment at 20% [25]. Consequently, there needs to be an
increase in treatments backed by evidence. The mental
illness known as major depressive disorder (MDD) is both
prevalent and severely disabling [26-28]. It is crucial that
we learn more about the causes of major depressive
disorder (MDD) and how it impacts various aspects of
health and wellbeing. In spite of advances in treatment,
the incidence of major depressive disorder (MDD) is not
going down. Our World in Data reports that major
depressive disorder affects one-third of women and one-
half of men throughout their lifetimes [29]. In addition to
accounting for 4.3% of all YLD, MDD has a substantial
impact on quality of life. It is linked to excessive
treatment use, poor socioeconomic results, and negative
clinical outcomes. In addition, it is significantly
associated with a broad range of medical issues, the most
prominent of which are cardiovascular disease and death
from any cause whatsoever. Also, having a history of
suicide thoughts, feeling hopeless, and having major
depressive illness are the top three factors that can lead to
suicidal thoughts. There is strong evidence that suicidal
thoughts precede actual suicide attempts. However,
whether MDD is a factor in many outcomes is unclear
[30][31]. An example of a situation where mental
comorbidity has a role in the interaction between the two
is suicide. Reverse causation is a potential conclusion for
other events. One example is the well-documented
relationship between cardiovascular disease and major
depressive disorder (MDD). Many things can put
someone at risk for developing major depressive disorder
(MDD)[32][33]. Having a low income, a low level of
education, being single, and suffering from emotions of
loneliness are all examples of important social risk
factors. Among the many risk factors for major depressive
disorder (MDD), childhood trauma and stressful
experiences stand out as particularly important.
Numerous risk variables may be susceptible to
bidirectional connections, and the link may have other,
non-causative pathways. For example, it may not be the
events themselves that generate the well-known effect of
stressful life events. The notoriously difficult task of
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drawing conclusions about causation from observational
data usually necessitates the use of longitudinal or within-
family designs [34][35]. Cinnamomum cassia bark is
known for its flavour and aroma, but it also has several
medicinal uses. Several studies found that cinnamon
reduced levels of malondialdehyde and increased the
activity of antioxidant enzymes, making it an effective
defence against free radical damage [36][37].
Cinnamonaldehyde is one of cinnamon's active
compounds; it can change the cellular redox homeostasis
function electrophilically. The polyphenols in cinnamon
are thought to have a major therapeutic impact on TBI
treatment. This function is linked to reducing
inflammation and oxidative damage [38-40].

1. MATERIAL & METHODS

We are searching from different sources like
PubMed, Publon, NCBI, Scopus, Google Scholar.
“Keywords: Neuro Disease, Cinnamon, Depressive
Role of Cinnamon active Components in depression

The many volatile chemical components that
make up essential oils allow them to travel quickly
throughout the body. An innovative administrative
approach has been developed using nanotechnology to
enhance the absorption of essential oils [41].
Encapsulating essential oils (EOs) into nanoparticles
enhances their absorption and impact. Inhaled essential
oil molecules will get to the brain area via different
pathways depending on their molecular sizes. One
possible route of administration by inhalation involves the
respiratory and olfactory systems (figure 1). Beginning
with the nasal cavity and its connection to the olfactory
bulb is where the olfactory system is initiated [42]. The
nasal cavity is an important pathway for odorant messages
to travel. The olfactory system is linked to various brain
regions, including the hippocampus and hypothalamus,
despite its close proximity to the brain [43]. It is
conceivable for specific little chemical molecules to
modify the emotional response by travelling straight to
the central nervous system (CNS) via the olfactory
mucosa or the axon of sensory neurone cells [44].
Conversely, gas exchange is mostly the responsibility of
the respiratory system. Vapour molecules can reach
different areas of the respiratory system via diffusion [45].
Chemicals that enter the bloodstream through the
respiratory epithelium, diffuse to the alveoli and blood,
and ultimately reach the brain through the bloodstream
via the heart are an example of this [46].
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Fig. 1: Inhaled essential oils (EOs) reach the brain via
the respiratory and olfactory systems (a) Olfactory or
respiratory systems receive inhaled EO after it
travels through the nasal passages. (b) A synopsis of
the olfactory system's route for delivering EO
molecules (c) A general outline of the steps necessary
for EO molecules to pass through the blood-air
barrier and enter the bloodstream.

For the better part of two decades, people have
held the view that impaired neurogenesis is the root cause
of depression [47]. This notion was derived from the
finding that experimental mice treated with continuous
antidepressant medication had an increase in
neurogenesis in their hippocampus [48-50]. On the flip
side, neurogenesis was found to be diminished by stress,
a known risk factor for the development of mental
illnesses [51]. Suppression of neurogenesis is often shown
to be a common characteristic when investigating animal
models of depression. The antidepressant therapeutic
effects would be nullified if x-irradiation inhibits
neurogenesis [52][53]. In light of the above, it seems that
neuronal proliferation is involved in the pathophysiology
of depression and influences the efficacy of
antidepressants. Several studies published recently
suggest that essential oils' (EOs) therapeutic advantages
might be due to their pro-neurogenic activity [54]. In a
study involving corticosterone-induced behaviour
mimicking that of depressed patients, animals exposed to
lavender essential oil for an extended period of time were
able to avoid the negative consequences of depression,
such as reduced neurogenesis, inhibited dendritic
development of immature neurones, and decreased blood
BDNF levels [55]. Exposure to musk was discovered to
enhance neurogenesis and decrease neuronal death in the
hippocampus, according to the results of an additional
investigation that used a chronic unpredictable mild stress
model to induce depression-like behaviour in mice.
Researchers discovered a correlation between this and
increased levels of BDNF in the hippocampus. To
promote neurogenesis and increase neuroplasticity, a
class of growth factors known as neurotrophins is
essential [56]. The neurotrophic hypothesis of depression
was created based on the fact that BDNF has received
more attention than the other neurotrophins [57]. Stress
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and its effects on synaptic plasticity between neurones are
believed to have a role in the aetiology of depression by
reducing the availability of neurotrophic substances. The
evidence from clinical studies and the function of BDNF
both point to its potential role in the development of
depression [58]. When it comes to neurotrophic factors,
the brain contains the highest concentration of BDNF. Its
function is to promote neuronal plasticity and the growth
of the nervous system [59][60]. Regarding depression, it
was found that patients without antidepressant medication
had a lower serum BDNF level, while patients with
antidepressant treatment had this decline reversed [61].
Consistent with the previous point, most studies
examining EOs and neurotrophic factors have focused on
BDNF expression levels. For a clinical trial, researchers
sought out mothers whose children had an ADD/ADHD
diagnosis.[62] It was assumed by the researchers that this
specific group was under a great deal of stress, which
affected their psychological well-being [63][64]. Patients'
anxiety and depression levels decreased after four weeks
of using essential oils (EOs) as part of a treatment
program, and their plasma BDNF level, an indicator of the
BDNF level in brain tissue, rose significantly [65]. A
number of animal models of depression have also shown
similar results when testing the efficacy of essential
oils.[66]. Therapy with musk relieved depression-like
behaviour in an animal model of depression generated by
persistent mild stress [67]. This was associated with an
increase in BDNF expression in the hippocampus [68].
The animal model confirmed this. In a separate study,
mice were given a blend of lemon and rosemary essential
oils for two months [69]. After that, the mice showed a
slightly higher level of BDNF and better cognitive ability.
One study looked at the signalling system and tried to
determine if the antidepressant effects of d-limonene, a
component of orange essential oils, would promote the
development of sensory neurons [70]. D-limonene
treatment of PC12m3 cells resulted in enhanced neurite
outgrowth and p38MAPK pathway activation [71]. The
pathway's activity was linked to this. Giving the subject a
p38MAPK inhibitor reduced the severity of the d-
limonene side effects. The activation of ERK and JNK on
the d-limonene route was milder than on the MAPK
pathway [72]. Evidence suggests that essential oils (EOs)
can have a therapeutic impact on neurotrophic factor
regulation [73]. Scientific and clinical investigations are
also encompassed in these studies. However, essential
oils' active components may modulate neurotrophic
factors and directly activate trophic pathways, two
processes that could impact brain growth [74][75]. If we
want to know how essential oils work as medicines, we
need to conduct more mechanistic studies on neurotrophic
factor regulation and the signal transduction pathway
[76].
Trans-Cinnamaldehyde  Reverses  Depressive-Like
Behaviors in Chronic Unpredictable Mild Stress
Perhaps TCA's capacity to repair morphological
damage in hippocampus pyramidal cells is responsible for

its antidepressant-like action. On top of that, it blocks the
NLRP3 inflammasome and NF-kB pathway, both of
which are amplified in rats' prefrontal cortex and
hippocampus when exposed to CUMS [77]. For
thousands of years prior to its discovery, C. cassia was
used in Chinese medicine to treat dyspepsia, anomalies in
blood circulation, and inflammatory illnesses. TCA, the
principal active ingredient of C. cassia, has potent
pharmacological effects, such as reducing oxidative
stress, neuroinflammation, and apoptosis. A potent
therapy, TCA is useful in the treatment of
neurodegenerative diseases including cerebral ischaemic
damage [78]. Furthermore, in BV2 microglial cells
activated with LPS, TCA can inhibit microglial activation
and enhance neuronal survival against neuroinflammation
[79]. Cognitive symptoms, a change in motivation, and
behavioural coping mechanisms are all hallmarks of
clinical depression, and the CUMS rats exhibited actions
that were very similar to these symptoms when exposed
to various pressures [80]. After extensive testing,
researchers have confirmed that the CUMS model
accurately describes depressive symptoms. Classical tests
that validate behaviours related to depression, the SPT
and the FST, are used to evaluate anhedonia and
behavioural despair in rats. The CUMS group of rats
showed increased behavioural similarities to patients with
depression compared to the control group. Significant
reductions in body weight gain, increases in immobility
time during the FST experiment, and decreases in sucrose
consumption were indicators of these behaviours [81].
Finally, we proved that TCA could fix the CUMS rats'
faulty conduct. In contrast to the control group, these rats
significantly increased their body weight, spent
significantly less time immobile during the FST, and
ingested significantly more sucrose, all of which proved
that this was the case. It was proven that TCA has an
antidepressant effect in the lab [82]. Our findings are in
line with what we would expect from FLU. The medial
prefrontal cortex (Hippocampus) is mainly responsible
for emotion control, knowledge acquisition, and the
establishment and activation of situational memory [83].
It is also the most susceptible region of the brain to stress
injuries. Hippocampal atrophy and decreased numbers of
pyramidal cells are observed in depressed patients [84].
The results of this study demonstrated that the
hippocampus of CUMS rats was severely altered.
Symptoms of this damage included morphological
changes, cell arrangement disorder, and a reduction in
pyramidal cells in the CA3 region of the hippocampus
[85]. Several peer-reviewed scientific journals published
the study's conclusions. The CA3 region showed signs of
trauma-induced changes in the ultrastructure of pyramidal
cells. Among these alterations was a shrinkage or
complete absence of the mitochondrial crest, which
accompanied the growth of the mitochondria. After
inflicting pathological damage to pyramidal cells in the
hippocampus CA3 area of CUMS mice, FLU and TCA
restored normal cell function. Not only that, but they also
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restored the ultrastructure of pyramidal cells and
increased their number [86].
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Fig: 2 Treatment of Chronic Unpredictable Mild
Stress with Trans-Cinnamaldehyde Reverses
Symptoms of Depression

Cinnamon treatment upregulates Neuroprotective
Protein Parkin & Dj-1

It has also been used medicinally for a long time.
The mediaeval medical community used cinnamon in a
variety of remedies for aches and pains, coughs,
hoarseness, sore throats, and more. Cinnamaldehyde is a
key component of cinnamon, which also contains
manganese, dietary fibre, iron, and calcium [88]. By
exposing it to oxygen, this chemical can be transformed
into cinnamic acid. The liver performs B-oxidation on
cinnamic acid, which leads to the creation of benzoate,
which can be found as sodium salt (NaB) or benzoyl-
CoA. Furthermore, it has been demonstrated that genuine
Ceylon cinnamon (Cinnamonum verum) when given
orally to mice significantly increases the concentration of
NaB in their serum and brain [89]. One reason NaB is
significant in medicine is its role as an ingredient in
Ucephan, a drug that treats hepatic metabolic disorders
linked to hyperammonemia, including urea cycle disorder
in children. Ucephan has FDA approval. Along with this,
it is widely used as a preservative in numerous food and
beauty products. In addition, our previous work
demonstrated that NaB modifies T cells at numerous
phases and  prevents  experimental  allergic
encephalomyelitis, an animal model of multiple sclerosis.

Additionally, we have found that normal
astrocytes have an upregulation of DJ-1 due to NaB [90].
Here, we show that activated astrocytes have reduced DJ-
1 and Parkin expression, and that activation cells are
protected from these harmful proteins when NaB is
administered to them. Similarly, mice exposed to MPTP
can have DJ-1 and Parkin protected in vivo in the SNpc
by cinnamon and NaB. Furthermore, we looked into the
potential of cinnamon to protect the nigrostriatum in
MPTP-exposed mice. Cinnamon therapy protected TH
from the negative effects of MPTP, even if nigral TH
disappeared in mice that had been drunk with the drug.
Also, the cinnamon therapy restored neurotransmitter

levels and blocked the harmful effects of MPTP from
reaching the striatal TH fibres. Cinnamon ameliorated
functional deficits in MPTP-intoxicated mice, which was
the most striking result [91]. No drug-related adverse
effects, such as alopecia, a lack of appetite, an infection,
etc., were observed in any of the mice utilised during the
trial. Based on this, we may conclude that cinnamon
probably has no negative side effects. Since cinnamon is
a widespread, inexpensive, non-toxic, and all-natural
substance, these results may have therapeutic value in
Parkinson's disease (PD). The signal transduction
mechanisms that govern the expression of DJ-1 and
Parkin remain mostly unknown to us [92].
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Fig: 3 Cinnamon and its Metabolite Protect the
Nigrostriatum in a Mouse Model of Parkinson’s
Disease Via Astrocytic GDNF

Oxidative stress in neurodegenerative diseases
Neurodegenerative disorders are pathologically
defined by a progressive breakdown and eventual death
of cells within particular neurological systems. From a
clinical perspective, neurodegenerative diseases are
defined by their slow onset and long duration [93]. The
morphological loss of neurones is associated with gliosis
and, more frequently, with protein misfolding and
aggregation, which leads to the persistent buildup of
aberrant intracellular and extracellular filamentous
deposits in some cell types. Many different types of
neurodegenerative diseases share these deposits as their
defining feature. A higher level of oxidative stress can
damage specific types of brain cells [94]. This is called
selective neuronal vulnerability, and it happens in
neurological diseases. While the majority of brain

© This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



Journal for Research in Applied Sciences
and Biotechnology

WWW.jrash.com

ISSN: 2583-4053

Volume-3 Issue-5 || October 2024 || PP. 147-159

https://doi.org/10.55544/jrasb.3.5.16

neurones can handle elevated levels of oxidative stress,
some subsets of neurones are more vulnerable. One
definition of "selective neuronal vulnerability" is the
different degrees to which different populations of
neurones in the brain are vulnerable to pressures that
cause cell death or damage and neurodegeneration. An
example of this is how neurones in the entorhinal cortex,
hippocampal CA1 area, frontal cortex, and amygdala are
particularly vulnerable to the neurodegeneration
associated with Alzheimer's disease. In Parkinson's
disease, cell death mostly affects dopaminergic neurones
in the substantia nigra [95]. Degeneration of neurones in
the brain stem, cortex, and spinal cord is a hallmark of
amyotrophic lateral sclerosis. Degeneration of spinal
motor neurones does, however, happen. The fact that
different neurodegenerative diseases affect different parts
of the brain in different ways suggests that the causes of
these diseases are unique; furthermore, it's plausible that
some of the cells involved in the pathophysiology of these
diseases may have a common susceptibility to the harmful
effects of oxidative stress. Because (1) their energy
production is largely dependent on oxidative
phosphorylation and (2) they are exposed to high oxygen
concentrations—using about 20% of the oxygen we
breathe in, even though the brain only makes up 5% of
our body weight—neuronal cells are very susceptible to
oxidative stress. (3) they have an abundance of metal ions,
which build up in the brain with age and can be a powerful
catalyst for the creation of oxidative species;[96] (4) they
contain a lot of polyunsaturated fatty acids, which are
easy to oxidise; and (5) they have low amounts of
antioxidants and enzymes that are related to them. The
conversion of 1-2% of oxygen consumed to reactive
oxygen species (ROS) causes oxidative stress under
physiological  settings. This percentage  grows
substantially in the brains of people who are getting on in
years. Compared to other tissues, the brain's antioxidant
activity is lower. For example, the liver's antioxidant
activity is around 10% higher than the brain's. Normally,
cells can protect themselves from oxidant attacks by
maintaining a homeostatic equilibrium in their
surroundings. But when age-related neurodegenerative
diseases progress, cells' redox balance-maintaining
capabilities deteriorate, resulting in free radical
accumulation, mitochondrial dysfunction, and brain
damage. Parkin and DJ-1 expressiveness [97].

I11. EFFECT ON
ACETYLCHOLINESTERASE
(ACHE) INHIBITION IN NEURO
DISEASE

Tacrine

When it came to treating Alzheimer's disease,
tacrine was the pioneering AChE inhibitor. In 1993, it was
approved for use in the US with the indication of
alleviating symptoms of mild to moderate Alzheimer's

disease [99]. The drug was marketed in 10, 20, 30, and 40
milligramme capsules under the brand name Cognex®.
The typical dosage of the chemical was 20-40
milligrammes, taken four times day. Clinical trials with
tacrine were conducted on a total of 9861 Alzheimer's
disease patients and 2706 individuals with Alzheimer's
disease as part of a treatment investigational new drug
(TIND) program. about the first two years following
tacrine's approval for marketing or distribution, the drug's
clinical effects were studied in about 190,00 Alzheimer's
disease patients in the US. When comparing tacrine's
impact on cognitive function to that of the placebo on the
Mini Mental State Examination (MMSE), no statistical
difference was found. An almost statistically significant
benefit of treatment was found within the framework of
the Alzheimer's Disease Assessment Scale-cognitive
(ADAS-Cog) scale. According to the ADAS
noncognitive scale, there was no significant difference
between tacrine and in terms of behavioural aberrations
[100]. The frequency of cholinergic side effects was
substantially higher in those using tacrine. The following
symptoms were reported in 29% of the treated patients:
three times the normal elevation, nausea and vomiting in
28%, diarrhoea in 14%, dyspepsia or anorexia in 9%,
myalgia in 7.5%. Serum aminotransferase levels rose
asymptomatically in nearly half of tacrine-treated patients
within six to eight weeks of starting treatment. The care
of those with Alzheimer's disease was related to this. Due
to the fact that it has undesirable side effects, requires four
daily doses, is inconvenient, and there are alternative
options for treating ChE—!As a result, tacrine was pulled
off sale in 2013 [101].
Rivastigmine

The acetylcholinesterase (AChE) inhibitor
rivastigmine, whose trade name is carbamoylatine, has a
long half-life and selectively affects certain brain areas.
The level of inhibition of acetylcholinesterase (AChE) in
the CNS compartment is substantially higher than in the
periphery, according to both preclinical and human
volunteer investigations of rivastigmine [102]. To be
more precise, rivastigmine inhibits central AChE by 40%,
in contrast to the 10% suppression of plasma
butylcholinesterase in healthy volunteers. In addition, the
G1 enzymatic form of AChE is the most common in AD
brains, and rivastigmine lowers this form positively.
Based on data obtained from animal studies, rivastigmine
is a more potent AChE inhibitor in the cortex and
hippocampus, the brain regions most affected by
Alzheimer's and dementia. Rivastigmine can be rapidly
and nearly entirely absorbed (amounting to over 96% of
the supplied dose) [103]. Contrarily, substantial and
saturable first-pass metabolism causes nonlinear
pharmacokinetics and a bioavailability of about 35% of
the consumed dose. The main metabolite of rivastigmine
has at least a tenfold reduced activity against AChE
compared to the parent drug. The principal route of
elimination for the metabolites of rivastigmine, which
undergo complete metabolism, is renal elimination [104].
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Rivastigmine has a short pharmacokinetic half-life, which
is in line with the lack of evidence of drug buildup. This
is so even though rivastigmine and its principal metabolite
concentrations in the plasma of Alzheimer's disease
patients are 30-50% higher than in older, healthy
individuals [105]. In both healthy volunteers and
Alzheimer's disease (AD) patients, the inhibition of
acetylcholinesterase (AChE) can be detected in
cerebrospinal fluid (CSF) approximately 1.2 hours after
oral intake of rivastigmine, which has a widespread
distribution throughout the CNS. The inhibitory effects
remain for a longer duration in Alzheimer's disease
patients compared to healthy people, and the beginning of
peak activity is slightly slower in these patients (6.0
against 2.4 hours and 12.0 versus 8.5 hours, among other
variations)[106]. When rivastigmine interacts with and
inhibits acetylcholinesterase (AChE), it becomes inactive.
Also, unlike other AChE inhibitors, rivastigmine is not
metabolised by the hepatic cytochrome P-450 (CYP-450)
system. Because of this, it is less likely to interact with
drugs that are metabolised by specific CYP-450
isoenzymes. Rivastigmine has demonstrated efficacy and
safety as a therapy for Alzheimer's disease (AD) in Phase
Il and Phase Il clinical trials [107]. The drug's known
pharmacokinetic and pharmacodynamic characteristics
are consistent with these results.
Galantamine

The leading cause of dementia and the sixth
leading cause of death worldwide is Alzheimer's disease
(AD), a progressive neurological disease defined by
memory loss and diminished cognitive functioning [107].
Presently, there is no proof that there are therapeutic
benefits from the symptomatic treatments used to treat
Alzheimer's  disease. New, effective medicinal
medications are the focus of current research and
development efforts. The pharmacological treatment for
the illness is still based on cholinesterase inhibitors like
galantamine. The reason behind this is the drastic
decrease in acetylcholine levels and the resulting loss of
cholinergic neurones in the body [108]. This study used a
scopolamine model to examine the efficacy of four
recently synthesised galantamine derivatives—Gal 34,
Gal 43, Gal 44, and Gal 46—in reducing dementia
symptoms in mice. Behavioural and biochemical methods
were employed to analyse the findings of this research
[109]. They were created to have all the advantages of
galantamine plus the ability to inhibit p-secretase and
positively impact plasma lipids due to their unique
makeup. The behavioural tests included the hole-board,
T-maze, and step-through inhibitory avoidance tests.
However, the biochemical tests included measuring total
glutathione and  evaluating  acetylcholinesterase,
monoamine levels in the brain, lipid peroxidation,
catalase, glutathione peroxidase, and superoxide
dismutase activities, among other things. Evidence
suggests that Gal 43, Gal 44, and Gal 46 work particularly
well to improve recollection of recent events as well as
information stored in longer-term memory [110]. There is

also evidence that Gal 46 has a major effect on
exploratory behaviour. Although Gal 34's behavioural
effects were not as compelling as those of the other three
galantamine derivatives, its antioxidant and restorative
capabilities were compelling. The fact that all four
galantamine derivatives outperformed galantamine in
numerous of our trials makes them attractive candidates
for the treatment of Alzheimer's disease and encourages
additional investigation into this area [111].

IV. AMYLOID B-TARGETED
INHIBITORY PEPTIDES FOR
ALZHEIMER’S DISEASE

In cellular and animal settings, numerous
peptide-based inhibitors have been studied to prevent Af
aggregation. These inhibitors show promise as new
medicines. Although promising outcomes have been
observed in experimental research, clinical trials for just
a small number of these inhibitory peptides have been
initiated [112]. Davunetide peptide with NAPVSIPQ
sequence (NAP) was first described by Gozes et al. in
2003. An activity-dependent neuroprotective protein
(ADNP) was the source of this peptide. The neuronal cells
were protected from toxicity caused by AP because NAP
could prevent its aggregation, break down pre-formed
fibrils, and restore their normal function [113]. While
NAP demonstrated promise in phase Il trials, a phase 111
study on moderate cognitive impairment revealed no
improvement. The N-methylated peptide PPI-1019, or
APAN, has the following sequence: D-(H-[(Me-L)-
VFFLINH2. In laboratory studies, it has the ability to
prevent AP aggregation and induce toxicity; it is made
from the D-enantiomeric Cholyl-LVFFA-NH2 [114].
There is no recognised cure or treatment for Alzheimer's
disease at this time; the disease is incurable. Hope is the
only thing that remains. And this is why finding potential
peptides to test in clinical trials is so important. The
existing inhibitory peptides suffer from a great deal of
cytotoxicity and poor blood-brain barrier penetration,
among other issues [115]. The peptide-nanostructure
conjugates (PNCs) method has been the focus of several
investigations in an effort to overcome these problems
and improve the inhibitory effect even more. Both of
these types of materials have the potential to have their
capabilities improved by implementing this technique
[116][117]. Nanostructures, due to their size and surface
modification capabilities, may be considered a vehicle for
overcoming poor blood-brain barrier permeability and
offering promise for the treatment of neurodegenerative
diseases. It is feasible to create multivalent inhibitors that
effectively prevent the aggregation of AP by coating gold
nanoparticles with VVIA and LPFFD. In addition to
paving the way for the creation of high-performance
peptides, the PNCs method offers an intriguing new
viewpoint on the diagnostic and therapeutic domains
[118][119].
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V. EFFECT ON EXPERIMENTALLY
ALLERGIC
ENCEPHALOMYELITIS (EAE)

When studying MS (inflammatory
demyelinating disease) in humans, this is the model that
researchers turn to most often. Multiple sclerosis (MS) is
characterised by inflammation, demyelination, axonal
loss, and gliosis; the EAE model attempts to approximate
these clinical features by simulating the interplay between
various immunopathological and neuropathological
processes [120]. All of them are brought about by the
illness. Brahmachari and Pahan found that sodium
benzoate helped with clinical symptoms and slowed the
progression of the disease in both the acute and chronic
stages of EAE [121]. In both the laboratory and the real
world, these tests were carried out. Some of the positive
outcomes that NaB produced are detailed below: Myelin
basic  protein-primed T  cells showed less
encephalitogenicity when exposed to 1 millimolar NaB in
vitro. At dosages ranging from 2.5 to 10 millimolar, it also
showed resistance against actively and passively
produced EAE in mice [122]. Donor mice had been
producing encephalitogenic T cells in vivo, but treatment
put a halt to that. Furthermore, it was discovered that 5
mg/ml of NaB caused inflammation, demyelination, and
infiltration of mononuclear cells in the central nervous
systems of mice that had been passively induced to
develop EAE. When tested on mice, Mondal and Pahan
found that C. verum powder effectively prevented EAE
[123]. The following information describes how the
powder, when administered orally to mice at doses of 50
and 100 mg/kg, suppressed the clinical symptoms of acute
and chronic EAE: In models of transgenic mice and
adoptive transfer of EAE, cinnamon reduced illness
severity and blocked the transfer of the virus,
respectively. Cinnamon also prevented demyelination in
the central nervous system of EAE mice [124]. Blocked
inflammation, stabilised gene expression, prevented
perivascular cuffing, and maintained the dependability of
the blood-brain and blood-spinal cord barriers. The
administration of cinnamon also reduced NO generation,
which led to an improvement in the control of T
regulatory cells [125].

VI. CONCLUSION

Cinnamon may improve cognitive performance,
among its many other possible health advantages.
Memory, focus, and general brain function are all
enhanced by cinnamon. Primarily, cinnamon contains
cinnamonaldehyde, epicatechin, eugenol, cinnamic acid,
proanthocyanidins, methyl eugenol, and polyphenols, all
of which may improve mental well-being. Researchers
have shown that cinnamon extract, when taken orally,
may alleviate anxiety and depression symptoms while
simultaneously enhancing cognitive function and

memory. Cinnamon may have natural therapeutic uses in
the treatment of neurological disorders and cognitive
decline, such as Parkinson's disease and Alzheimer's
disease, according to certain studies. For the sake of your
liver and other organs, it's crucial that you take cinnamon
in moderation and only buy cinnamon from reputable
vendors. Following these instructions is essential if you
want to enjoy cinnamon's many potential health
advantages.
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