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Abstract

Central nervous system diseases, particularly neurodegenerative maladies like
Parkinson’s and Alzheimer’s diseases are the major public health concerns
worldwide, since their prevalence has been increasing, and they are associated
with social and financial problems. Owing the limited effectiveness and side
effects of pharmacological treatments that are currently available and the fact
that several factors are implicated in these diseases, novel treatments acting on
multiple molecular targets are required. This chapter focuses on the beneficial
effects of plant compounds against neurodegenerative diseases, specifically on
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the main groups of compounds, their sources, and mode of action. Reviewed
results showed that there are different plant compounds with the aptitude to tar-
get simultaneously several pathological pathways and to affect the activity of
numerous enzymes or genes involved in neurological diseases. Nevertheless, the
key ability of the reviewed compounds is their capacity to counteract oxidative
stress damages and neuronal inflammations. The available results encourage
more investigations and clinical trials aimed to develop new treatments for neu-
rodegenerative disorders based on plant compounds.

Keywords
Alkaloids - Antioxidants - Cannabinoids - Flavonoids - Neuroinflammation -
Polyphenols

19.1 Introduction

Many disorders of the nervous system are known, and among them epilepsy, stroke,
headache disorders, and neurodegenerative diseases are the most prevalent ones. The
latter include a heterogeneous group of diseases like Parkinson’s (PD), Alzheimer’s
(AD), and Huntington’s diseases (HD) and multiple sclerosis. The pathology of these
diseases is complex, progressive, multifactorial, and with many targets and pathways
(Hornedo-Ortega et al. 2018; Pohl and Lin 2018). They result in slow neuronal death,
which is accompanied by the loss of cognitive functions, and therefore are associated
with great social and financial problems. Aging and genetic, lifestyle, and environmen-
tal factors are implicated in the pathogenesis of many neurological conditions, and it is
expected that their occurrence considerably increases in the coming decade (Pefa-
Altamira et al. 2017). For instance, it is anticipated that the amount of AD patients
increase to 100 million by 2050 (Prince et al. 2013). No cure is currently available for
neurodegenerative disorders, and the available treatments merely alleviate the symp-
toms and delay the disease progression. Moreover, the pharmacological treatments that
are available today have limited efficacy and show some side effects. Owing to these
limitations and the fact that several factors are implicated in these diseases, a multidi-
mensional approach including lifestyle and dietary interventions seems to the most
adequate approach for the management of these diseases (Wang et al. 2018).

Many investigations demonstrated that plant compounds, including dietary phyto-
chemicals possess a multitude of biological features endowing some of these com-
pounds with a great neuroprotective action (Arumugam et al. 2016; Mohanty et al.
2017; Velmurugan et al. 2018; Wang et al. 2019). Indeed, two important compounds
currently used in neurodegenerative disease therapy are of natural origin: L-DOPA for
PD and galantamine for AD. Phytochemicals can contribute to the control of neurode-
generative disorders not only with their neuroprotective effects, but also by enhancing
gastrointestinal function and immunity improvement (Bhullar and Rupasinghe 2013).
The correct understanding of plant compounds mechanism of action is fundamental in
developing novel neuroprotective agents. Thus, extensive investigations have been
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conducted in the last years to study the neuroprotective potentials of plant compounds
and to elucidate their mode of actions involved. The purpose of this chapter is to make
an outline of the valuable effects of phytocompounds for the management of neurode-
generative diseases and review the main plant compounds with neuroprotective
effects, their sources, and mode of action based on the recent data.

19.2 Neurodegenerative Diseases and Main Therapies

Neurodegenerative disorders are more frequent in the elderly population, and their
incidence is growing, since the proportion of older people is increasing; thus, they
become a threat in this century (Prince et al. 2013; Pohl and Lin 2018). These dis-
eases are caused by the degradation and subsequent loss of neurons, leading to
cognitive or functional decline of the patient over time. AD is perhaps the most
predominant and overwhelming neurodegenerative disorder, and it is the main rea-
son of institutionalization in the old population (WHO 2017). It causes progressive
and irreparable memory deficits, cognitive decline, and even behavior changes. PD
is another most frequent of the neurodegenerative diseases related with age, which
can also seriously disturb the quality of life. It is a movement disease being the
characteristic signs the inactive tremors, bradykinesia, loss of walking and equilib-
rium, and extrapyramidal rigidity.

The pathogenesis of neurodegenerative diseases is multifactorial with many tar-
gets and pathways, although genetic and environmental factors are the most impor-
tant responsible for their evolution. Oxidative stress associated with accumulation of
some aggregated proteins, mitochondrial dysfunction, and neuroinflammation are
some of the pathological features involved in these diseases (Farooqui 2012).
Dopaminergic treatments, antipsychotic and brain stimulation drugs, and cholines-
terase inhibitors are some of the treatments available for their control. In cases of
AD, they include the use of exogenous antioxidants, N-methyl-D-aspartate (NMDA)
receptor antagonists, and acetylcholinesterase, monoamine oxidase, Af, and tau
aggregation inhibitors (Sanabria-Castro et al. 2017). After several decades of
research, few drugs have been accredited for the management of many neurodegen-
erative diseases (Newman and Cragg 2012; Cummings et al. 2014). Furthermore,
approved drugs merely alleviate the symptoms and delay the disease progression
since no cure is currently available for these pathologies. The current research on
therapies for neurodegenerative diseases focuses in different potential drug targets.

Mainly, the oxidative stress is the root cause of neurodegenerative disorders
(Wang et al. 2018). Oxidative stress involves the disruption of cell redox status,
resulting in a disproportion between the generation of reactive oxygen species
(ROS) and the antioxidant response. Due to its high oxygen consumption, the brain
is the organ more vulnerable to oxidative stress (Yin et al. 2016). Furthermore, the
brain is especially disposed to lipid peroxidation owing the high quantity of polyun-
saturated fatty acids in neuronal membranes. It is also known that ROS production
increases with aging, while endogenous antioxidant defense mechanisms decrease.
Additionally, inflammation, protein aggregation, and excessive presence of metal
ions, such as iron and copper, can cause oxidative stress, leading to the damage of
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biomacromolecules and creating a suitable environment for the pathology and evo-
Iution of neurodegenerative illnesses (Kim et al. 2015). The reduction of harmful
ROS in the human body but allowing enough ROS to remain in the cell is a promis-
ing approach against these diseases. The exogenous supply of antioxidants to coun-
teract the effect of oxidative stress and prevent neuron damage and loss is necessary,
if the endogenous antioxidant system is not sufficient. Natural antioxidants, as those
present in plants, including plant foods have revealed promising results and hence
can be a good alternative to synthetic antioxidants.

Also, chronic inflammations play a vital role in the initiation and evolution of
neurodegenerative disorders. Neuroinflammatory processes are implicated in suc-
cessive events causing neuronal injury. During the inflammatory process, nuclear
factor-kappa B (NF-kB) and inflammatory cytokines, like tumor necrosis factor
(TNF)-a, IL-6, and IL-1p, are activated (Wang et al. 2018). Activated microglia in
the brain releases unnecessary and detrimental ROS and reactive nitrogen species
(RNS). Oxidative stress and neuroinflammation in association are both involved in
neurodegenerative disorders. Furthermore, mitochondrial dysfunction is boosted by
oxidative stress and neuroinflammation mediated by microglia. In fact, oxidative
stress, neuronal inflammation, and mitochondrial impairment are interconnected in
neuronal damage (Wang et al. 2018; Zheng et al. 2018a).

The search for effective tactics for neurodegenerative diseases using phytochem-
icals has augmented in the last years, due to the inefficacy and side effects of cur-
rently available therapies based on the use of synthetic compounds. Particularly, the
supplement of dietary phytochemicals has demonstrated to be a hopeful nutritional
intervention for the management of these disorders (Hornedo-Ortega et al. 2018).
This is supported by many investigations, including preclinical trials that have dem-
onstrated the neuroprotective effects of some phytochemicals mediated via different
mechanisms, such as antioxidant, anti-inflammatory, anticholinesterase, anti-
tauopathy, antiamyloidogenic, antiapoptotic, and neurotrophic effects (Fig. 19.1)
(Velmurugan et al. 2018).

19.3 Main Sources of Plant Neuroprotective Compounds

Many studies have indicated that the risk of incidences of some diseases, including
neurodegenerative ones depends on the dietary pattern followed by individuals.
Many studies demonstrated that a broad range of phytochemicals can counteract the
effects of oxidative stress and the neuronal inflammation process (Hornedo-Ortega
et al. 2018; Velmurugan et al. 2018). Nutritional interventions, including a vast
range of plant products are considered an effective approach against neurological
conditions, particularly due to their anti-inflammatory and antioxidant capabilities
(Wang et al. 2018) and their capacity to improve gastrointestinal and immunological
functions (Bhullar and Rupasinghe 2013). Thus, diet intervention is beneficial for
the ageing process, maintaining physical and cognitive health (Wang et al. 2018)
and preventing and/or delaying the progression of neurological diseases (Hornedo-
Ortega et al. 2018). Fruits and vegetables as well as aromatic herbs and spices are
the main sources of antioxidants as they possess several neuroprotective
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phytochemicals. There are increasing evidences about the beneficial effects of
Mediterranean diet against age-related pathological conditions (Hornedo-Ortega
et al. 2018). This diet pattern is linked with a decrease in cognitive failure and
dementia prevalence. The beneficial effects of this dietary pattern are associated
with the high consumption of plant foods and plant-derived products as fruits, veg-
etables, aromatic herbs, olive oil, and adequate quantities of red wine that are all
recognized sources of bioactive phytochemicals (Hornedo-Ortega et al. 2018). The
protective role of food polyphenols in preventing neurodegenerative ailments is par-
ticularly well-documented and is mainly due to their strong free radicals scavenging
capacity (Omar et al. 2017; Losada-Barreiro and Bravo-Diaz 2017). Fruits and veg-
etables contain several phenolic compounds, mainly high amounts of flavonoids,
are well recognized to have antioxidant and anti-inflammatory activities (Spagnuolo
et al. 2018). Among fruits, berries are probably the richest sources of neuroprotec-
tive phenolics (Kelly et al. 2018), and cruciferous are some of the vegetables recog-
nized for their neuroprotective properties. Wine and olive oil are two of the main
sources of important neuroprotective polyphenols among Mediterranean diet prod-
ucts. Olive oil is rich in hydroxytyrosol and oleuropein, as well as other bioactive
phenolics (Casamenti and Stefani 2017), and red wine is rich in resveratrol, one of
the most recognized neuroprotective compounds (Colica et al. 2018).

Herbs and spices used for food, cosmetic, and medicinal purposes are also rich
sources of antioxidants (Embuscado 2015). They contain a great diversity of bioac-
tive compounds, from which phenolics and essential oils are the most important.
Among the great diversity of plants, Mediterranean species mainly from the
Apiaceae and Lamiaceae families (e.g., Coriandrum sativum L., Origanum vulgare
L., Salvia sp., Mentha sp., Rosmarinus officinalis L., Thymus sp.) are some of the
most relevant ones (Benny and Thomas 2019). Essential oils from these plants
inhaled or orally administered cross the blood-brain barrier and exert their psycho-
logical properties at the brain level, having beneficial effects in several neurological
conditions (Benny and Thomas 2019). Data from many studies indicated that aro-
matic plant compounds including essential oil components and phenolics affect dif-
ferent pathological targets involved in neurodegenerative disorders (e.g., oxidative
stress, AP deposition, neurofibrillary tangles, cholinergic hypofunction, glutamater-
gic abnormalities) (Ayaz et al. 2017). In addition to dietary plants, some well-known
medicinal herbs are also important sources of neuroprotective compounds; some
important examples are Ginkgo biloba L., Panax ginseng Meyer, and Cannabis
sativa L.

19.4 Main Groups of Plant Compounds with Neuroprotective
Effects

The most important phytochemicals with recognized preventive and/or therapeutic
properties against neurodegenerative disorders belong to the group of polyphenols,
isothiocyanates, alkaloids, and cannabinoids (Table 19.1). In addition to these four
groups, there are some other chemical compounds with a remarkable action at the
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central nervous system, for instance, ginsenosides, terpenoids from essential oils,
and polysaccharides (Aazza et al. 2011; Zheng et al. 2018b; Gao et al. 2018).

Polyphenols are probably the main and most investigated class of natural com-
posites and are mostly present in vegetables and fruits, as well as in aromatic and
medicinal plants. They include about 8000 structures and can be divided in non-
flavonoids and flavonoids (Fig. 19.2) (Manach et al. 2004). Non-flavonoid chemical
constituents comprise phenolic acids, stilbenes, lignans, and other compounds as
displayed in Fig. 19.2. Flavonoids include about 4000 compounds and are divided
in flavanols, flavones, flavonols, isoflavones, flavanones, and anthocyanins.
Epidemiological studies indicated that intake of phenolic-rich products can be
linked with a decreased risk of chronic diseases as is the case of neurodegenerative
disorders (Renaud and Martinoli 2019). The biological properties of polyphenols
are related to their structural characteristics, which include the presence of phenol
rings in the molecule, variable hydroxylation patterns and conjugated double bonds.
Polyphenols prevent and obviate neurodegenerative disorders by different mecha-
nisms, e.g., by reducing oxidative stress, affecting amyloid aggregation, inhibiting
enzyme activity, and reducing inflammation by regulating signaling pathways and
cytokine expression (Table 19.1) (Renaud and Martinoli 2019).

The neuroprotective effect of flavonoids, the most abundant group of polyphe-
nols in foods, has been frequently described, and is mainly associated with the anti-
oxidant and anti-inflammatory features of these compounds (Spencer et al. 2012;
Singh et al. 2017; Spagnuolo et al. 2018). The consumption of flavonoid-rich prod-
ucts is linked with the inhibition of biochemical processes involved in brain aging
and in the prevention of neurodegenerative disease development (Spencer et al.
2012). The structure of flavonoids has in common a 15-carbon skeleton structured
in 2 aromatic rings intertwined by another carbon chain. The antioxidant effects of
these compounds are related to their ability to scavenge oxidants and free radicals
(Singh et al. 2017) and reduce neuroinflammation by regulating microglial cells,
particularly by modulating mitogen-activated protein kinases (MAPKs) and NF-xB
signaling pathways (Spencer et al. 2012; Spagnuolo et al. 2018). Catechin, querce-
tin, hesperidin, and epigallocatechin-3-gallate (EGCG) present in tea, cocoa, and
different fruits (mainly berries and citrus) and vegetables are some of the dietary
flavonoids showing important neuroprotective properties (Table 19.1). Among fla-
vonoids, EGCG is widely found in green tea and is one of the most reported com-
pounds with neuroprotective properties. Recent studies suggest that green tea
consumption decreases the occurrence of neurodegenerative diseases (Pervin et al.
2018). EGCG is the only polyphenolic compound that has reached the phase III of
clinical testing (Levin et al. 2016).

Isothiocyanates are sulfur-containing compounds derived from myrosinase
hydrolysis of glucosinolates and are mainly present in vegetables of the family
Brassicaceae, although they can also occur in Moringaceae plants. Several studies
indicated that regular consumption of Brassicaceae vegetables has positive effects
in preventing certain chronic diseases including neurodegenerative diseases. These
compounds can modulate oxidative stress and inflammatory processes interacting
with the nuclear factor erythroid 2-related factor 2 (NrF2) pathway and therefore are
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Flavanols
Catechin; Epicatechin; Epigallocatechin;
Epigallocatechin gallate

Flavones
Apigenin; Baicalin; Chrysin; Luteolin

Flavonols
Quercetin; Kaempferol; Myricetin

Isoflavones
Genistin; Daidzin; Glycitin

Flavonoids '

Flavanones
Naringenin; Hesperetin; Eriodictyol

Anthocyanins
Cyanindin-3-arabinoside; Pelargonidin-3-glucoside;
Delphinidin-3-rutinoside; Malvidin-3-glucoside

Phenolic
compounds

Phenolic acids
Hydrobenzoic acids
Gallic acid; Ellagic acid; Protocatechuic acid

Hydroxycinnamic acids
Chlorogenic acid; Caffeic acid; Ferulic acid

Lignans
Secoisolariciresional; Matairesinol; Medioresinol

Stilbenes
Resveratrol; Piceatannol; Astringin

Coumarins
Umbelliferone; Aesculetin

Curcuminoids
Curcumin; Demethoxycurcumin; Bisdmethoxycurcumin

l Non-flavonoids j

Tannins

Condensed tannins

Catechin polymers; Epicatechin polymers
Hydrolyzable tannins

Ellagitannins; Gallotannins

Fig. 19.2 Classification of polyphenols and some examples of each group. Based on Manach
et al. (2004)
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promising compounds in the deterrence and treatment of cognitive diseases, par-
ticularly AD (Giacoppo et al. 2015; Sita et al. 2016). Some important compounds of
this class are isothiocyanate, sulforaphane, erucin, moringin, phenethyl isothiocya-
nate, and 6-(methylsulfinyl)hexyl.

Alkaloids are naturally found in several plant species, but plants of Solanaceae,
Papaveraceae, Ranunculaceae, and Amaryllidaceae are a rich source of these com-
pounds. These phytocompounds have showed a wide range of biological properties
and are separated into several groups depending on their natural sources, pharmaco-
kinetics, and chemodiversity. The role of these compounds in dementia has been
expansively explored, and two alkaloid-based drugs, namely, rivastigmine and
galantamine, were approved by the Food and Drug Administration (FDA, USA) for
the treatment of AD, renewing the attention in alkaloids for dementia treatment.
Alkaloids exert their beneficial effects against neurodegenerative diseases by sev-
eral mechanisms as depicted in Table 19.1. In addition to their capacity to modulate
the neurotransmitter system, alkaloids have antiamyloidogenic, antioxidant, anti-
inflammatory, antidepressive, and anticonvulsive properties (Hussain et al. 2018).
Galantamine, rivastigmine, berberine, morphine, physostigmine, piperine, and caf-
feine are some of the most important alkaloids among many bioactive compounds
within this group.

Cannabinoids are a group of lipid-soluble compounds, present particularly in the
plant, Cannabis sativa L., and have long been utilized for therapeutic purposes. The
use of these compounds in human health increased exponentially in recent years,
and the investigation in these compounds is focused on their neuroprotective poten-
tial and also on their capacity in attenuating AD-related symptoms. The main advan-
tage of these compounds as neuroprotective agents is their broad-spectrum profile
and activity at several molecular sites including within and outside the endocan-
nabinoid system. By combining a broad range of effects, these compounds can
regulate neuronal homeostasis and survival (Fernandez-Ruiz et al. 2015). Delta-9-
tetrahydrocannabinol (A°~THC) is the most investigated compound; however, its
psychotropic character limitits therapeutic usage. Cannabidiol, a non-psychotropic
cannabinoid has been recently investigated for its effects in neurodegenerative dis-
eases, showing promising results both in in vitro and in vivo models of dementia. Its
neuroprotective properties are described comprehensively in the next section.

19.5 Neuroprotective Effects of Selected Plants/Plant
Compounds

In this section, some plant species and their compounds showing remarkable neuro-
protective properties are addressed in more detail.
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19.5.1 Ginkgo biloba

Leaves and seeds of the Chinese tree, Ginkgo biloba L., belonging to Ginkgoaceae
family have been used for centuries in the Chinese traditional medication for the
treatment of different neurological conditions. Presently, standardized extracts from
this plant are also used, principally in Germany and United States, mainly as a cog-
nitive enhancer (Singh et al. 2017; Wasik and Antkiewicz-Michaluk 2017). Four
standardized extracts have been used in clinical trials, for instance, EGb-761 (G.
biloba extract, Ginkor) contains mainly flavonol glycosides, such as kaempferol,
isorhamnetin, and quercetin, ginkgoin acids, ginkgolin acids, and terpenes like
bilobalides and ginkgolides A, B, C, and M (Singh et al. 2017). The antioxidant and
neuroprotective properties of this extract have long been recognized. Different
in vitro and in vivo investigations showed that this extract exerts its antioxidant
effects through different mechanisms, such as free radicals scavenging activity,
inhibition of ROS production, activity of antioxidant enzymes, and p-regulation of
protein level (Wasik and Antkiewicz-Michaluk 2017). Some studies also indicated
that the mechanism involved in the neuroprotective properties of EGb-761 is related
to its capability to inhibit monoamine oxidases A and B activity and to prevent the
conversion of 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) to 1-methyl-
4-phenylpyridinium (MPP*) ion (Sloley et al. 2000; Rojas et al. 2004). The com-
pounds present in this extract can cross the blood-brain barrier and therefore induce
their effects in the central nervous system (De Feudis and Drieu 2000). The avail-
able data demonstrated that the antioxidant and anti-inflammatory features of G.
biloba standardized extract contribute to restore brain homeostasis in patients with
anxiety, dementia or other neurodegenerative disorders, although more consistent
clinical trials are still encouraged. The results available indicated that the extract
from this plant is relatively safe even when consumed in parallel with other drugs
(Singh et al. 2017).

19.5.2 Panax ginseng

Panax ginseng Meyer. is a medicinal plant, native to Korea and China and also cul-
tivated in the eastern Asian countries. This plant roots have been employed in the
folk medicines to treat several ailments. The beneficial effects of this plant are
related to its several active components, particularly the ginseng saponins ginsen-
osides and also phenolic compounds, polyacetylenes, alkaloids, polysaccharides,
sesquiterpenes, and oligopeptides (Kim et al. 2018a, b). This plant showed several
biological properties like its capacity to improve the blood circulation, immune sys-
tem, and memory as well as its antioxidant and other properties (Kim et al. 2018a,
b). The activities of P. ginseng in preventing neurodegenerative disorders are mainly
associated with the antioxidant and immunomodulatory properties of ginsenosides.
The basic structure of these compounds is similar, i.e., they comprise 30 carbon
atoms and are organized in four rings of steroid nuclei (Guo et al. 2014). As recently
reviewed by Zheng et al. (2018a, b), ginsenosides have protective and therapeutic
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effects on neurological disorders. These compounds exhibit anti-inflammatory
action by interfering with various signaling pathways and antioxidant and anti-
aging properties and have beneficial effects on depression, epilepsy, cerebral isch-
emia reperfusion injury, AD and PD (Zheng et al. 2018a, b). There are several
research works on the beneficial effects of Panax extracts and its components in
animal models of neurodegenerative diseases, mainly in AD and PD as reviewed by
different authors (Ong et al. 2015; Kim et al. 2018a, b). For instance, P. ginseng
extracts showed neuroprotective effects in rat models by counteracting the progres-
sive glycation end product-induced memory loss and downregulating the receptor
for advanced glycation end products (RAGE)/NF-kB pathway (Tan et al. 2015). P.
ginseng, in particular ginsenosides, act not only as antioxidants and free iron scav-
engers but also as modulators of metabolism, intracellular neuronal signaling, both
cell survival and cell death genes, and mitochondrial functions (Kim et al. 2018a).
In a recent review, Kim et al. (2018b) concluded that the combination of ginseng
compounds with conventional drugs used in AD therapy is more advantageous in
the management of this disease than the monotherapy.

Many investigations proved the beneficial effects of P. ginseng and its com-
pounds in controlling neurodegenerative disorders, and clinical results indicate no
serious adverse effects, although it can modify anticoagulation with warfarin and
blood hemostasis. However, data available is still inconclusive and more well-
designed clinical studies are required.

19.5.3 Resveratrol

Resveratrol (3,5,4-trihydroxy-trans-stilbene) (Fig. 19.3a) is a stilbene (non-
flavonoid polyphenol) that is the mainly found in red grapes and wine, although it is
also found in other plants, namely, berries, peanuts, green tea, black tea, etc. This
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Fig. 19.3 Chemical structure of some important plant compounds with neuroprotective effects:
cis- and trans-resveratrol (a) curcumin (b), berberine (¢), and cannabidiol (d)



19 Neuroprotective Compounds from Plant Sources and their Modes of Action:... 433

compound is a phytoalexin produced by plants as a response to several biotic and
abiotic stimuli as fungal infections and UV radiation (Li et al. 2012). Some investi-
gations showed that this compound has a positive effect on human health including
on neurological conditions (Rauf et al. 2017). Indeed, this is one of the most inves-
tigated plant compounds concerning the neuroprotective properties. In addition to
the properties related to the central nervous system and anti-aging, antioxidant, anti-
inflammatory, and neuroprotective effects, this compound also shows several other
biological properties including antiapoptotic, cardioprotective, antitumor, and
antidiabetes.

This compound exerts its neuroprotective effects through different mechanisms
(Table 19.1) but is mainly associated with the protection of neurons from oxidative
damage and toxicity effects and to the deterrence of apoptotic neuronal death
(Andrade et al. 2018). The antioxidant ability of resveratrol has also been exten-
sively described (Colica et al. 2018) and is related to structural characteristics of the
molecule, i.e., three hydroxyl groups attached to the aromatic rings confer the
capacity to capture free radicals (Rege et al. 2014). Antioxidant capacity of this
compound has been also attributed to its capacity to stimulate the expression of
endogenous antioxidant enzymes as superoxide dismutase and catalase, decreasing
the malondialdehyde content in mouse brain, reducing copper-catalyzed oxidation,
and inhibiting lipid peroxidation (Mokni et al. 2007). Anti-inflammatory effects of
resveratrol are mainly related to its capacity to inhibit cyclooxygenases and
5-lipoxygenase activities and consequently the suppression of prostaglandins,
thromboxanes, and leukotriene (Kutil et al. 2014), to attenuate pro-inflammatory
factors like platelet-activating factor (PAF), tumor necrosis factor (TNF), and hista-
mine (Wicinski et al. 2018). The neuroprotective properties of resveratrol are also
associated with its capacity to activate deacetylase enzymes like sirtuin 1 (SIRT1)
(Sarubbo et al. 2018).

Although this compound has revealed promising properties against neurological
diseases and is able to cross the blood-brain barrier, its pharmacokinetic proper-
ties limitits therapeutic applications. It is extensively metabolized and rapidly elimi-
nated, showing a poor bioavailability and a great instability, in spite of its lipophilic
nature. Thus, several investigations have been conducted concerning the use of sev-
eral strategies to improve the pharmacokinetic characteristics, such as its encapsula-
tion for delivery in the brain (Ethemoglu et al. 2017; Trotta et al. 2018). As recently
reviewed by Chimento et al. (2019), these strategies showed promising results vitro
and in vivo, but their efficacy must be investigated in preclinical and clinical
studies.

19.5.4 Curcumin

Curcumin (Fig. 19.3b), 1,7-bis[4-hydroxy, 3-methoxy phenyl]-1,6-hepta-diene-3,5-
dione, is a non-flavonoid polyphenol. This yellow pigment is the main component
of curry spice (Curcuma longa L.) roots, which is a commonly used spice in Asian.
Curry consumption has long been associated with cognitive function improvements
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in the elderly. Indeed, some studies indicated that incidence of AD in India is lower
than in the US population. Curcumin showed several biological effects including
anti-inflammatory, antidiabetic, antioxidant, anticancer, and neuroprotective prop-
erties. The antioxidant, anti-inflammatory, and antiamyloidogenic effects of this
compound, among other (Table 19.1), make it a promising candidate for neurologi-
cal diseases therapy (Maiti and Dunbar 2018; Hatami et al. 2019). The antioxidant
properties of this compound were confirmed in different in vitro and animal models
and are mainly related to the presence of a phenolic group linked with two methoxy
groups in its structure. This compound revealed radicals scavenging and metal-
chelating capacities, improves brain antioxidant status, and protects cells from lipid
peroxidation (Maiti and Dunbar 2018). It can attenuate the development and pro-
gression of neuroinflammatory disorders through different mechanisms as reducing
inflammatory mediators (e.g., TNF-alpha, IL-1 beta, nitric, NF-kappa B gene
expression, inhibition of cyclooxygenase 2, and NOS), affecting mitochondria
dynamics and epigenetic changes (Hatami et al. 2019). Also, it has the aptitude to
bind with amyloid plaques by inhibiting NF-«f, thus diminishing AD pathogenesis.
Research has revealed that curcumin derivatives have more lipophilic properties and
higher capability to cross the blood-brain barrier and more affinity for amyloid
plaques. Also, its association with lipophilic compounds was shown to improve its
bioavailability (Mourtas et al. 2011). Nevertheless, well-ordered and randomized
clinical trials are fundamental to completely evaluate its clinical prospective.

19.5.5 Berberine

Berberine (Fig. 19.3c¢) is an isoquinoline alkaloid found in various medicinal plants
including the Chinese medical herb, Coptis chinensis Franch. This compound
exhibits several pharmacological benefits, namely, antioxidant, anti-inflammatory,
neuroprotective, antitumor, and antimalarial. Berberine has been reported to cross
the blood-brain barrier and act on the central nervous system on several conditions,
such as cerebral ischemic injury, AD, PD, depression, anxiety, HD, epilepsy, and
convulsions (Lin and Zhang 2018). The regulation of protein kinase B (Akt/PKB)-
related signaling, B-cell lymphoma 2 (Bcl-2), NF-kB, glycogen synthase kinase 33
(GSK3p), and also MAPK- and AMP-activated protein kinase (AMPK) pathways
explain the antiapoptotic, anti-inflammation, and antioxidant properties of this com-
pound (Lin and Zhang 2018).

Yuan et al. (2019) recently reviewed the data on neuroprotective activity by ber-
berine against AD using animal models. It induced neuroprotective properties and
memory-improving effects through different mechanisms by ameliorating intracel-
lular oxidative stresses, mitigating neuroinflammations, triggering autophagy,
guarding neurons against apoptotic cell death, and inhibiting enzyme (butyrylcho-
linesterase, acetylcholinesterase, monoamine oxidase A, and monoamine oxidase
B) activity, hyper-phosphorylation of tau protein, and p-amyloid (AP) peptide pro-
duction (Fan et al. 2019). The results available from studies in animal models
encourage the development of clinical studies to effectively evaluate the effects of
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berberine on AD human patients. However, some studies indicate that berberine has
dual effect, neuroprotective and neurotoxic, in the treatment of nervous diseases
depending on the dose, and therefore, the use of these compounds should be ana-
lyzed with caution.

19.5.6 Cannabidiol

Cannabidiol (Fig. 19.3d) is a non-psychotropic cannabinoid isolated mainly from C.
sativa. The cannabis-based preparation Sativex®, which comprises equimolar con-
tents of cannabidiol and A°~THGC, is currently used in the control of neuropathic
symptoms of multiple sclerosis (Fernandez 2016). Cannabidiol recently attracts the
interest of the scientific community due to its safe profile and vast range of bioactive
effects including neuroprotective. It showed positive results in the management of
several neurological conditions like HD, PD, AD, amyotrophic lateral sclerosis, and
epilepsy (Watt and Karl 2017; Silvestro et al. 2019).

The neuroprotective action of this compound is mainly related to its anti-
inflammatory and antioxidant properties. Most cannabinoids interact with cannabi-
noid receptors, but cannabidiol shows a low affinity for these receptors. The
mechanisms by which these compounds exert its beneficial effects on neurological
diseases are not totally known; however, the immunosuppressive and anti-
inflammatory effects seem to be in part facilitated via the adenosine, serotonin,
opioid, and non-endocannabinoid G protein-coupled receptors and other targets as
ion channels and enzymes (Bih et al. 2015; Morales et al. 2017a). The anti-
inflammatory potential of this compound has been demonstrated in mouse models
and is modulated by different mechanisms, such as some pro-inflammatory cyto-
kines and regulating cell cycle and immune cell functions. The strong antioxidant
activity of cannabidiol is by modulating the expression of inducible nitric oxide
synthase and nitrotyrosine as well as plummeting the production of ROS (Esposito
et al. 2006). More controlled studies are essential to really assess the efficiency of
this compound in neurodegenerative diseases (Morales et al. 2017b).

19.6 Concluding Remarks and Future Perspectives

The growing prevalence of neurodegenerative diseases worldwide, and the absence
of effective treatments have led to extensive investigation in the last years concern-
ing the search for new effective therapies. Plant compounds, including dietary phy-
tochemicals have been widely studied in the last years concerning their beneficial
effects for the prevention and treatment of these disorders. Furthermore, it is widely
accepted that nutrition plays an important role in the occurrence and progression of
many diseases. In the case of neurodegenerative diseases, lifestyle and diet inter-
vention has been proposed as having positive effects to prevent and/or delay their
progression. Among the diverse range of plant compounds, polyphenols, isothio-
cyanates, alkaloids, cannabinoids, and ginsenosides are some of the classes with
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compounds showing relevant neuroprotective properties. Polyphenols, mainly
present in fruits, vegetables, olive oil, wine, and tea, are the most important class
of dietary phytochemicals. Several families of polyphenols from plants showed
neuroprotective effects, due to a broad range of biological features. Resveratrol,
curcumin, berberine, and cannabidiol are some of the most promising compounds
with neuroprotective effects, and the extracts of P. ginseng and G. biloba are the
most investigated. The protective role of phytochemicals includes several mecha-
nisms of action including capacity of counteraction of oxidative stress, protection
against neuronal damage caused by inflammation, and acetylcholinesterase, Ap,
and tau aggregation inhibitory capacities. Although there are many in vivo studies
showing promising results, successful clinical trials in humans are scarce and in
some cases with disappointing results. Also, the bioavailability and permeability
across the blood-brain barrier of some plant compounds particularly of polyphe-
nols is questionable. Anyway, the results obtained are sufficiently promising to
justify future investigations aiming to translate the neuroprotective properties of
plant compounds to the treatment of neurodegenerative diseases. Several strategies
to overcome the limitations associated with plant compounds include the use of
delivery systems and alternative administration routes and the engineering of struc-
tural analogues. Phytochemicals can be used in association with conventional ther-
apies for the management of central nervous system disorders.
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