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ABSTRACT
Neurodegeneration is defined as the progressive loss of structure or function of neurons which includes amyotrophic
sclerosis, Alzheimer’s disease, and Huntington’s disease. Many neurodegenerative diseases are caused by genetic mutations;
however, multiple biological processes can cause neurodegeneration. Synthetic drugs are widely used for the treatment of
most neurodegenerative disorders which are reported to cause side effects during the treatment. Researchers identified some
naturally occurring chemical compounds in plants, i.e., phytochemical through various research programs, and these are used
for the management of neurodegenerative diseases. Phytochemicals are generally accepted to be safe with minimal side effects.
In this review, we comprehensively compiled the plant-derived compounds such as polyphenol, isothiocyanate, alkaloid,
and cannabinoid, and other important phytochemicals reported possess beneficial effect in neurodegenerative disorders.
These phytochemical compounds have various effects such as neuroprotective, antioxidant, and anti-inflammatory actions.
In the case of phytochemical studies, different plants and plant parts containing many valuable constituents such as lignans,
flavonoids, tannins, triterpenes, and sterols, and these constituents are exhibit neuroregeneration or neuroprotective effect.
Many Ayurvedic formulations prepared from various plants are claimed to possess neurostimulant activity, thus improving the
symptomatic conditions in patients with neurodegenerative disorders. The folklore medicine has also possessed a significant
contribution identifying neurotonic and nerve stimulants. The systematic ethanopharmacological studies had yielded highly
reliable results in exploring the phytochemical agents for the treatment of neurodegenerative disorders. This review article
will provide the researchers comprehensive information about the plants and the mechanisms elucidated by them through
in vivo or in vitro studies.
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INTRODUCTION
Neurodegenerative diseases are a significant problem,
and these are common symptomological features
at different stages of disease progression. The main
physiological symptoms include elevated oxidative/
nitrosative stress, mitochondrial dysfunction, protein
misfolding/aggregation, synapse loss, and decreased
neuronal survival. Overabundance of protein
aggregation affects cellular signaling and neuronal
function and is a key cause of neuronal loss.[1]
Neurodegenerative diseases are incurable and
debilitating conditions that result in progressive
degeneration/death of nerve cell. This causes problems
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with movement or mental functioning called dementia.
Dementias are responsible for the greatest burden of
disease with Alzheimer’s representing approximately
60–70% of cases.[2] The main neurodegenerative
diseases are:
• Alzheimer’s disease (AD) and other dementias
• Parkinson’s disease (PD) and PD-related disorders
• Huntington’s disease (HD)
• Prion disease
• Motor neuron diseases (MNDs)
• Spinocerebellar ataxia
• Spinal muscular atrophy
• Amyotrophic lateral sclerosis (ALS)
• Vascular dementia
• Frontotemporal dementia
• Multiple sclerosis
• Peripheral nerve disorders
• Genetic brain disorders.
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AD is one of the most complicated neurodegenerative
diseases. Recently, we use some herbs and
phytochemicals and their derivatives; they can delay
the progression of the disease. Neurodegenerative
diseases are affected by factors such as stimulating
nuclear factor in the antioxidant system, sirtuin and
transcription factors and chaperons and neurotrophic
factors and by inhibiting acetylcholinesterase (AChE)
activity.
In case of neurodegenerative diseases, neurotrophins
are the important factors for the survival, maintenance,
and regeneration of specific neuronal populations
in the brain. The neurotrophins that are identified as
neuronal survival-promoting proteins in mammals
include brain-derived neurotrophic factor (BDNF),
neurotrophin-3(NT-3), and nerve growth factor
(NGF). Neurotrophic support is a significant factor in
the pathogenesis of neurodegenerative diseases such
as AD, PD, and ALS.

NEURODEGENERATIVE
DISEASES
AD
It is a chronic neurodegenerative disease that usually
starts slowly and gets worse over time. It is the cause
of 60–70% of cases of dementia. The most common
early symptom is difficulty in remembering recent
events (short-term memory). As the disease advances,
symptoms can include problems with language,
disorientation, mood swings, loss of motivation, not
managing self-care, and behavioral issues.[3]
The disease process is associated with plaques and
tangles in the brain. A probable diagnosis is based on
the illness and cognitive testing with medical imaging
and blood tests to rules out other possible causes.[4]
The disease cause is divided into two stages, namely,
early onset caused by mutation of genes and the late
onset due to unknown reasons. About 70% of the
risk believed to be genetic with many genes usually
involved. Other risk factors include a history of head

injuries, depression, or hypertension. It is an agerelated disorder; the symptoms commonly occur in the
age of 30–60 years.[5]
PD
It mainly affects the motor system in which is a
long-term neurodegenerative disorder of the central
nervous system. The symptoms generally come
on slowly over time. Early in the disease, the most
obvious are shaking, rigidity, slowness of movement,
and difficulty with walking. Thinking and behavioral
problems may also occur. Dementia becomes common
in the advanced stages of the disease. Anxiety and
depression are also common cause occurring in more
than a third of people with PD. PD affects movement,
producing motor symptoms. Non-motor symptoms,
which include autonomic dysfunction and sensory
and sleep difficulties, are also common. PD majorly
occurs in people over the age of 60 years, of which
about 1% is affected. Males are more than affected
than females. When it is seen in people before the age
of 40 or 50 years, it is called young-onset PD.[6]
HD
It is an inherited disorder that results in death of brain
cells. A general lack of coordination and an unsteady
movement of limbs often follow. Physical abilities
gradually worsen until coordinated movements
become difficult and the person is unable to talk.
Mental abilities generally decline into dementia.
Symptoms usually begin between 30 and 50 years of
age but can start at any age. The disease may develop
earlier in life in each successive generation. About 8%
of cases start before the age of 20 years and typically
present with symptoms similar to PD.[5,7]
HD generally inherited from a person’s parents with
10% of cases due to a new mutation. The disease
is caused by an autosomal dominant mutation in
either of an individual’s two copies of a gene called
“Huntingtin.” This means a child of an affected
person typically has a 50% chance of inheriting the
disease. Treatments can relieve some symptoms and

Table 1: Drugs currently used in the treatment of neurodegenerative disorders[10‑20]
Diseases

Drugs

PD

Levodopa
Amantadine
Tacrine
Donepezil
Rivastigmine
Galantamine
Tetrabenazine
Olanzapine
Riluzole
Baclofen
Hydergine
Nimodipine

AD

HD
MND
Vascular dementia
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Route of
administration
Oral route
Oral route
Oral
Oral route
Oral route
Oral route
Oral route
Oral route
Oral route
Oral
Oral route
Oral

Dose
250–500 mg twice a day with meals
100 mg per day
Initial dose ‑ 20 mg–40 mg/day, final dose ‑ 80 mg/day
5 mg once a day
1 mg twice a day
4 mg twice daily (8 mg–16 mg/day for 4 weeks)
Initial dose ‑ 12.5 mg twice a day. Final dose ‑ 25 mg/week
10–30 mg daily
100–200 mg/day for up to 12–21 months
10–80 mg daily
1.5–9 mg per day
30 mg for 3 times daily
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Table 2: Plants reported to possess neuroprotective effect[21‑42]
Plant species
Zingiber
officinale

Phytoconstituents
6‑shogaol

Magnolia
officinalis

Honokiol, magnolol

Melissa
officinalis

Rosmarinic acid, neral/geraniol,
citronellal, isomenthone

Pimpinella
brachycarpa

3,5‑0‑trans‑diciffeolyl‑quinic
acid, methyl ester,
1‑0‑trans‑p‑coumaroyl‑
5‑0‑cis‑p‑coumaroyl quinic acid
α‑iso‑cubebene,
dibenzocyclooctadiene lignans,
schisanchinins A‑D, nigranoic acid

Schisandra
chinensis
Panax ginseng

Ginosenoside Rg3 panaxynol

Morus alba

Quercetin,
cyaniding‑3‑O‑β‑glucopyranoside,
gallic acid.

Olea europaea

Oleuropein

Vitis vinifera

Resveratrol

Aster scaber

(‑)‑3,5‑Dicaffeoyl‑muco‑quinic
acid

Abies holophylla

Ligraminol
E4‑o‑β‑d‑xyloside, juniperigiside

Ginkgo biloba

Ginkgolide B

Huperzia serrata

Huperzine A

Liriope
platyphylla

Spicatoside A

Pharmacological actions
Stimulates TrK‑ mediated neurite
outgrowth, inhibits the level of
COX2, TNF‑α, NF‑ Kb, IL‑1β,
NO, P38, iNOS, PGE2,and RO,
increases SOD, Bcl‑2, and
Bcl‑XL levels
Increase the secretion of NGF and
BDNF, inhibits TNF‑α, NF‑kB,
IL‑1β, IL‑6, inhibits ROS levels,
and increases Akt activity
Mimetic to NGF, ERK
½‑mediated neurite outgrowth
activating capacity, increase
cholinergic activity and NF‑kB
pathway, and inhibits the action
of IL‑1β, TNF‑α
Inhibition of NO, iNOS
production, and induce
antioxidant system

Suggested mechanism
Neuritogenesis,
neuroinflammation, and
neuroprotection

PKA/B/Ca2+‑CaMKII/ERK
½‑mediated CREB and Nrf2
pathway activation, inhibits NO,
and PGE2 production
Activates cAMP/MAPK and
Trk‑mediated neuritogenesis,
neurotrophic mimetic action

PD, neuroinflammation, and
neuroprotection

Induces P13k/ERK ½‑mediated
CREB activation, neurite
outgrowth, and induce NGF
secretion
Induces NGF and BDNF
secretion and increase GSH level
Stimulates ERK‑mediated CREB
regulation, induces NGF, GDNF
and BDNF secretion, and inhibits
caspare‑3‑TNF‑α, NF‑Kb, IL‑10,
IL‑1β, MPI, and MDA levels
Shows neurotrophic mimetic
action, Activates TrK/ERK ½/
P13K‑mediated neuritogenesis,
increase SOD, and decreases
MDA activity
Inhibits NO production and
activates Trk‑ mediated NGF
production
Activates Trk/RaS/
MAPK‑mediated neurite
outgrowth, induces BDNF
secretion and reduces ROS, LDH
caspase3, and pro‑apoptotic
factors
Activates Trk/MAPK/
ERK‑mediated neurite
outgrowth, induces NGF and
BDNF secretion, reduces
acetylcholinesterase (AChE)
Activates Trk/ERK ½/
P13K‑mediated neurite
outgrowth, induces NGF and
BDNF secretion

Neuritogenesis,
neuroinflammation, and
neuroprotection
Antidepressant, cognitive
disorder, neuritogenesis,
neuroinflammation, and
neuroprotection
Neuroinflammation

Neuritogenesis,
neuroinflammation,
neurodegenerative diseases,
and neuroprotection
Cognitive disorder,
neuritogenesis, antiaging,
and neuroprotection
Neuroinflammation and
neuroprotection
Neuritogenesis,
neuroinflammation, and
neuroprotection

Neurodegenerative disease,
neuroinflammation,
neuritogenesis, and
neuroprotection
Neurodegenerative diseases,
neuropathy, neuritogenesis,
and neuroinflammation
Antidepressant dementia,
neuroprotective, phosphor
diesterase, antioxidant,
neuritogenesis, and
neuroinflammation
Neuritogenesis,
neuroinflammation, and
neuroprotection
Neurodegenerative disease,
neuritogenesis, and
neuroprotection
(Contd...)
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Table 2: (Continued)
Plant species
Dioscorea
nipponica

Phytoconstituents
Diosniposide B,3,7‑dihydroxy‑2,4,
6‑ trimethoxy‑phenanthrene,
sapogenin

Eucommia
ulmoides

Geniposidic acid

Camellia sinensis

Epigallocatechin‑3‑galate

Coptis chinensis

Berberine

Curcuma longa

Curcumin

Withania
somnifera

Withanine, somniferine,
somnine, withaferine A,
pseudowithanine, withanone

Pharmacological actions
Activates Trk signaling
pathway‑mediated neurite
outgrowth and induces NGF
secretion, inhibits NO
Activates P13K/AKT/P38 MAPK/
ERK ½‑mediated inhibition of
LDH, BDNF expression, and
AChE inhibition
Activates Trk signaling
pathway‑mediated neurite
outgrowth, P13K/AK7/GSK‑3β,
induces NGF, BDNF secretion,
and inhibits Ca3 and ROS level
Activates AKT/GSK‑ 3β/
Nrf2‑mediated regulation,
cholinergic activity‑ mediated
neurite outgrowth, induces NGF
and BDNF secretion, and inhibits
COX2, TNF‑α, and NF‑KB levels
AKT/GSK‑3β‑mediated
regulation, induces BDNF
secretion, and inhibits Cas3,
TNF‑α, and NF‑KB levels
Amyloid plaques trigger neuronal
cell death and also blocked by
withanamides

Suggested mechanism
Neuritogenesis,
neuroinflammation, and
neuroprotection
Antiapoptotic, AD,
neurodegenerative disease,
and neuroprotection
Neuritogenesis,
neuroinflammation,
neuroprotection, cognitive
disorders
Neuritogenesis,
neuroinflammation, and
neuroprotection

Neuritogenesis,
neuroinflammation, and
neuroprotection
Treatment of HD,
neurodegenerative disease,
ability to support a healthy
immune system and CNS

Table 3: Traditionally used plants for the treatment of brain disorders[43]
Plant name
Adhatoda zeylanica
Cannabis sativa

Chemical constituents
Vasicine, vasicinone
Tetrahydrocannabinoids

Brassica nigra

Gallic acid, quercetin

Coriandrum sativum

Coriandrol, limonene,
geranyl acetate, and linalool
Flavonoid glycosides
Convoline, convolamine
Cuscutoside A and B
Bengalenosides
Pyrethrin
Budmunchiamine alkaloids,
saponins

Cassia occidentalis
Convolvulus microphyllus
Cuscuta reflexa
Ficus benghalensis
Anacyclus pyrethrum
Albizia lebbeck

in some improve quality of life. Symptoms of HD
most commonly occur in the age of 35 and 45 years,
but they can begin at any age from infancy to old age.
In the early stages, there are changes in personality,
cognition, and physical skills. The most characteristic
initial physical symptoms are jerky, random, and
unsteady movements called “Chorea.” Seizures are
also common symptom of this form of HD.[7]
ALS
It is a specific disease that causes the death of neurons
which control voluntary muscles. ALS is characterized
by stiff muscles, muscles twitching, and gradually
worsening weakness due to muscles decreasing in
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Traditional use
Treatment of epilepsy, stiffness
Treat epilepsy in women, treatment for
sleeplessness
It helps to relieve migraine and reduces laziness
and fatigue
It is used to strengthen brain and memory and
relieves vertigo
Used to treat epilepsy and hysteria
To improve the memory, cures psychosis
It improves brain disorders
It enhances memory power
It improves mental inability
Used to treat psychosis, anxiety, and cures
unconsciousness

size. This results in difficulty in speaking, swallowing,
and eventually breathing.
The cause is not known in 90% and 95% of cases. About
5–10% of cases are inherited from a person’s parents.
The diagnosis is based on a person’s signs and symptoms
with testing done to rule out other potential courses.[8]
ALS is an MND, which is a group of neurological
disorders that selectively affect motor neurons,
the cells that control voluntary muscles of the
body, including ALS, primary lateral sclerosis, and
progressive muscular atrophy. Most commonly the
limb is affected, first. In this case, neurons in the
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brain and the spinal cord are affected and this form
is called “limb onset.” About 25% of cases muscles
in the face, mouth, and throat are affected because
motor neurons in the part of the brain stem called “the
medulla oblongata” (formerly called the bulb). The
progressive death of lower motor neurons is referred
as “bulbar onset [Table 1].[9]”

PHYTOCHEMICALS AGENTS
FOR THE TREATMENT OF
NEURODEGENERATIVE DISEASES
Phytochemicals provide an effective way of halting
neurodegenerative diseases. Phytochemicals and
derivatives such as diosniposide B, lignin derivatives,
3,7-hydroxy-2,4,6-trimethoxy-phenanthrene,
ginkgolide B, and clerodane diterpenoids induces
neuronal cell differentiation and upregulate
neurotrophic factors such as NGF and BDNF. These
compounds may have the potential to prevent and arrest
neurodegeneration by inducing neurotrophic factors
and by boosting the activity of certain components of
the antioxidant system. The list of phytochemical agents
that are reported to possess the potential to act against
the neurodegenerative diseases is listed in Table 2.

TRADITIONALLY USED PLANTS
FOR BRAIN-RELATED DISORDERS
A wide range of plants are used in the treatment of
brain-related disorders, traditionally. The ancient
literature also refers many plants for stimulation of
brain activity. The ethanopharmacological uses of
some of the plants are explored by various researchers,
and the phytochemicals present was also isolated.
The details of the ethnopharmacological uses and the
phytoconstituents are listed in Table 3.

CONCLUSION
The development of new drugs for neurodegenerative
disorders, very specifically to make them to reach the
brain is most complicated. The isolation of specific
phytoconstituents from ethanopharmacologically
important plants may lead to identification of novel
neuroprotective agents or neurotonic agents. The least
number of drugs currently available for the treatment
of neurodegenerative disorders and their adverse
drug reactions accelerates the need for exploitation of
alternative molecules from plant sources.
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