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Abbreviations

Central Nervous System (CNS), Global Burden of Disease 
(GBD), Tension-Type Headache (TTH), Alzheimer's 
Disease (AD), Parkinson's Disease (PD), Pentylene 
Tetrazole (PTZ), EEG (Electroencephalogram)

1. Introduction

The nervous system is a multiplex network which helps 
an organism interact with the environment. Many 
sensory points help in the detection of environmental 
stimuli and the motor component then shows control 
over the skeletal, cardiac and other smooth muscles 
along with controls the glandular secretions which are 
coordinated in a complete system for proper motor 
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Neurodegenerative diseases are characterized by the loss and death of neurons with their structure and functions 
and this is causing a great burden on society at present time. The degeneration of neurons is caused due to a variety 
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review will provide the role of herbal nutraceuticals and medicinal plants in curing neurodegenerative diseases in the 
present era. 
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responses to the stimuli which further receive, stores 
and process the information as seen in Figure 1. The 
nervous system is made up of broad neural networks 
as signalling in these circuits causes thinking, feeling, 
language, memory and all the sensation functions1. It 
is known that neurons are the basic functional unit of 
the nervous system and they function as it receives, 
integrates and then transmits the information to the 
other cells of the body2. At the time of childhood, the 
neural stem cells make many neurons which further 
reduces in adulthood3.

The most intricate organ is the human Central 
Nervous System (CNS) which determines awareness. 
All of our behaviour, from the most fundamental needs 
like breathing to the support of our ideas and feelings, 
is underpinned by its activity4. Brain affects a large 
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section of the population, affects people of all ages, and 
is common in industrialized and emerging nations. 
Additionally, compared to other disease groups, these 
illnesses have the highest global health, economic and 
social capital burden5.

1.2  Neurological Disorders: A Burden on 
Healthcare

The burden of neurological disorders is a major 
significant in global health. According to the most 
recent estimates, the neurological conditions included 
in the Global Burden of Disease (GBD) Study—are 
Alzheimer's, dementia, Parkinson's disease, multiple 
sclerosis, epilepsy and many more. Dementia, 
epilepsy, migraines, and stroke are among the top 50 
causes of disability-adjusted life years, even though 
this appears to be a modest total percentage. The 
burden of this disease is considered to increase in 
the lower and middle-income countries in the next  
decade6.

The word neurological disorders is used to describe 
the conditions of CNS as it results from physical injury 
to the brain, and spinal cord in the form it affects 
the central as well as peripheral nervous system. 
Neurological disorders such as Alzheimer's Disease 
(AD), Parkinson's Disease (PD), Huntington's Disease, 
Stroke, migraine and other disorders7.  
Different intracellular and extracellular changes 
can be seen in neurodegenerative illnesses. Any 
polypeptide that fails to fold properly is sent to its 
breakdown processes, known as autophagy or the 

ubiquitin-proteasome system8 since translational 
and posttranslational modification mechanisms are 
extremely complicated and sophisticated.

1.3  Various Factors Which Lead to the 
Development of Neurological Disorders

Genetics

Environmental factors

Age

Diet

Factors leading 
to development 
of Neurological 

Disorders

Figure 2. Different factors leading to neurodegenerative 
diseases.

1.4 Diet
The Western diet, sometimes known as the Standard 
American Diet, consists of foods that have undergone 
extensive processing and refinement. As a result, a 
variety of health issues including obesity, diabetes, 
cardiovascular disease, and many other illnesses 
become major health risks. The mechanism which 
depends on the use for its treatment in certain 
neurodegenerative diseases is considered a better 
source of energy which reduces the generation of 
free radicals, increasing the mitochondrial biogenesis 
pathway and making use of the ability of ketones 
by bypassing the defect in complex I activity found 
in some neuronal disorders. The mechanism which 
depends on the use for the treatment of specific types 
of neurodegenerative diseases is found as diet being 
the major energy source lowers the production of 
free radicals, increases in mitochondrial biogenesis 
pathway, utilizing ketone capacity to work in defecting 
complex I activity9 (Figure 2).

1.5 Age
In developing countries, early exposure to unhealthy 
conditions brought on by poverty, such as infections, 
malnutrition, and prenatal stress, may have a significant 
impact on ageing and shorten life expectancy10 
(Figure 2).

Figure 1. Human brain.
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1.6 Environmental Factors 
Due to their capacity to interfere with brain 
functioning, environmental pollutants such as heavy 
metals, and pesticides are known to been linked to the 
development of Parkinson's disease and Alzheimer's 
disease. The compounds such as Asbestos, Pb, MeHg, 
Cd, and other toxic heavy metals have all been linked to 
neurotoxicity, which in turn causes neurodegenerative 
diseases11 (Figure 2).

2.  Predomination of Neurodegenerative 
Disorders: Enhanced due to 
Dysfunction of Specific Neuron 
Population

A disorder called dementia is, a syndrome of chronic 
nature of neurons caused due to many disorders of 
the brain and led by disturbances of many efficient 
cortical functions that include memory learning, 
and judgment process which is a social burden. 
The disease Alzheimer's is a pathological state of 
the CNS which is related to Alzheimer's disease as 
marked by neurofibrillary tangles, disarrangement of 
neurotransmitters in the neuronal regions and beta-
amyloid plaques combined all are related to different 

inflammatory mechanisms. As seen the major risk 
factor associated with Alzheimer's disease is the 
increase in the age factor12.

Epilepsy is a neuronal disorder as known as 
"provoked epileptic symptomatic seizures" which 
might occur due to brain injury. This disorder affects 
the regions of muscles and senses and if both of 
them are combined then it will lead to total loss of 
consciousness13. 

Parkinson's disease is a multiple neurological 
disorder that progresses to tremors, stiffness of muscles, 
difficulty in walking, balance and coordination 
dysfunction. The stimuli responsible for it are genetic 
as well as non-genetic. Age is a major risk factor for this 
disorder14.

2.1  Mechanism of Neurodegenerative 
Disorders 

This disorder affects a large area of the population 
in millions across the world and is linked to the 
accumulation of insoluble protein aggregates and the 
mechanism of this aggregation is from beta-amalyoid 
that is based upon the mechanism of neurodegeneration 
as seen in Figure 3.

The mechanism is as follows: 

Figure 3. The mechanism leading to the formation of neurodegenerative diseases.
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2.1.1 Molecular Mechanism 
This occurs due to the misfolding of different neuro 
degenerated proteins and this disformed degradation 
leads to deposition in the brain regions and leads to 
symptoms such as amyloid-beta, tau for AD, and prion 
proteins for prion diseases.

2.1.2 Cellular Mechanism 
The L-glutamate leads to cause of acute excitotoxicity 
in the regions of the brain which leads to long-term 
neurodegenerative processes and causes chronic 
neurodegenerative disorders15.

Oxidative stress impairs the bioenergetics capacity 
of the nervous system and this is responsible for the 
pathogenesis of different kinds of neurodegenerative 
disorders16.

3.  Current Trends in Medicinal 
Plants and Herbs in Treating 
Neurological Disorders 

Natural products originating from plants are known 
to be associated with use as traditional medicines for 
thousands of years around the whole globe. There 
are many varieties of plants that are used for medical 
treatment in different cultures and by them many 
new drugs are discovered through the use of herbal 
sources17.

3.1 Ayurveda: Indian System of Medicine 
The implementation of herbal medicines round back 
from the earliest times of human history. There are 
proofs of herbs which are being used for the treatment 
of different diseases and to rejuvenate the body system 
in all ancient civilizations that is Indian, Egyptian, 
Chinese and Greek as well as Romans. Plants are the 
main body of medicines and contain the majestic 
power of healing18. 

The term Ayurveda is "science of life", which is 
believed to be the world's oldest health care system and 
indigenous to India. As of all the alternative medicines 
in the world it is considered to be a more recognized 
and highly practiced discipline in other disciplines of 
alternative medicines. In the practice of Ayurveda, the 
substances are of natural origin which is originated 
from plants and their parts and are further used in the 

form of medicines in single or combined form. The 
reliance on Ayurvedic medicines is that the disease is 
due to disturbances or imbalances in the human body 
and certain mental elements reduce the resistance of 
the body to many diseases. If all the imbalances are 
corrected or defined the defence mechanism of the body 
is enhanced due to these herbal formulations which 
results in changes in lifestyle, diet and the resistance of 
the body in eliminating the diseases19.

3.2  Some of the Ayurvedic Ways of Treating 
Neurodegenerative Disease 

As through all the disciplines of Ayurveda, the Rasayana 
tantra is used as a treatment in improving longevity and 
memory, youthful appearance and helps in maintaining 
physical strength20.

3.3  Neuro-therapeutic Benefits of Medicinal 
Plants 

The literature finds that the identification of many herbs 
has shown great protective effects for neurodegenerative 
disorders. The authors summarized the details based 
on the mechanism and effects of the medicinal plants.

3.4 Withania somnifera 
The plant Ashwagandha and its supplements help in 
improving functions of the brain, and memory and 
enhance the ability to perform different tasks (Figure 4). 
There are many animal studies done which suggest that 
this plant helps in reducing the problems of memory 
and brain functions which are caused due to injury 
or certain diseases. This plant promotes anti-oxidant 
activity which helps in protecting nerve cells from very 
harmful free radicals21.

The plant inhibits haloperidol or reserpine-induced 
catalepsy and provides an efficient approach to treating 
Parkinson's disease. Due to this the antiparkinson 
effect of this plant along with its extracts has shown 
advanced antioxidant, antiperoxidative and free radical 
scavenging properties22.

The intake of ashwagandha root extract is known to 
reduce jerks and clonus by approx. 70% with the dose 
of 100mg/kg and reduction in severity of Pentylene 
tetrazole (PTZ)-induced convulsions which was 
evidenced from the patterns of EEG waves. The root 
extract of the plant showed reduced severity in motor 
seizures as induced by electrical stimulation in the right 
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basilateral amygdaliod nuclear complex by bipolar 
electrodes. The protective effect of this plant extract in 
convulsions has shown involvement in Gaba Amino 
Butyric Acid-ergic mediation23.

The plant has strong aphrodisiac, sedative, 
revitalizing, and life-extension effects. Additionally, 
Medhya Rasayana, which translates to "that which 
promotes learning and a good memory", as seen in 
Figure 5 is employed as a general tonic to boost vitality 
and treat geriatric issues24.

3.5 Azadirachta indica
The plant "Neem" is known as a storehouse of many 
therapeutic molecules; therefore it is known as a 
"Pharmaceutical Wonder". It is found that around 300 
Phytochemicals have been isolated from neem which 
has diverse chemical properties and complex structures. 
The main phytochemicals present are glycoproteins, 
triterpenes, limonoids, phenols, tannins, saponins, 
gallic acid and many other25.

The plant has many diverse activities as a study 
was done which investigated that the plant has 
neuroprotective effects as the leaves against cisplatin-
induced neurotoxicity further results showed the 
morphological work before and after the injection 
of Cisplatin implied well-preserved brain tissue, 
which reported there were no changes in biochemical 
parameters were seen with neem treated groups26.

A study was done in which intake of neem leaf 
extract was given at a dose of 200mg/kg body weight 
which has shown diversified antidepressant action as 
seen in Figure 5. There are many bioactive components 

which are present in neem that are responsible for 
many health effects27.

Further Biochemical analysis was done on leaf 
extracts which have shown a high intake of proline 
which is the current or present treatment used in 
many neurodegenerative disorders such as Alzheimer's 
disease and Parkinson's disease, Polycythemia28.

3.6 Bacopa monnieri
The plant "Brahmi" is a very well-known plant having 
many medicinal properties in Ayurveda (Figure 6). This 
plant is commonly found in India and parts of Australia. 
It helps to rejuvenate the nerve cells and empowers the 
memory. It contains two saponins Bacoside A and B 
which are made up of Sapogenins-Bacogenins A1-A4, 
Betulic acid and many other alkaloids are present in 
it. In all of them, Bacoside A is found to improve the 
memory29.

It also repairs the damaged neurons by increasing 
the kinase activity, synthesis of neurons, restoration of 
synaptic activity and transmission of nerve impulse30.

It is an Ayurvedic herb, which has re-emerged 
as a course of treatment for many memory-related 
disorders. The medical potency of this plant is seen in 
India as well as in China based on its literature. Many 
chemical compounds can be isolated from Brahmi; 
actively it contains bacoside-A and bacoside-B. It also 
contains many other Phytochemicals such as alkaloids, 
glycosides, flavonoids, and saponins31.

The plant contains active constituents which help in 
treating Parkinson's disease, a disorder in which loss of 
neurons takes place which produces dopamine in the 

Figure 4. Withania somnifera plant.
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region of substancia nigra and alpha-synclein protein 
that is accumulated in the inclusion bodies32.

 The plant shows anti-depressant action due to 
components such as Bacosides A and B bacopasaponin 
C, bacopasides I and II33. 

4.  Traditional Herbs for 
Neuroprotection

Traditional herbs or medicinal drugs showed a positive 
effect on the functions of the brain that is known as 
Nootropics34.

In the present time, there is a sudden increase in 
neurological disorders and severe side effects which is 
caused due to the long-term intake of synthetic drugs this 

has raised the attention of researchers towards the use 
of natural plants and resources. Many medicinal plants 
Ginkgo biloba, Panax ginseng, Valeriana officinalis and 
Withania somnifera are highly used in many traditional 
systems of therapy as they contain neuroprotective 
properties. The plant Ginkgo biloba has major use in 
the treatment of cerebral insufficiency which memory 
loss, absent minds, confusion, depression, anxiety, and 
dizziness35.

There are more than 120 traditional medicines 
that are extensively used in the therapy of CNS 
disorders in Asian countries around the globe. 
According to the Indian system of medicine, there 
are the majority of plants that have cured neurode-
generative disorders36.

Figure 5. Azadirachta indica plant.

Figure 6. Bacopa monnieri  plant.
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Apart from medicinal plants and herbs, there 
is a more advanced way of preventing neurological 
disorders along with the regulation of brain physiology. 

5.  Medicinal Plants as Herbal 
Nutraceuticals 

Although various medications can help with neuronal 
health, the main drawback is that long-term use of 
these medications is linked to several adverse side 
effects. As a result, the use of nutraceuticals which are 
advantageous, cost-effective, and have fewer or no side 
effects than pharmaceuticals is highly preferred. The 
founder of medicine Hippocrates once said let food be 
your medicine and medicine be your food37.

Various separated nutrients, dietary supplements, 
herbal goods, and genetically modified "designer" foods 
are all examples of nutraceuticals. These foods can then 
be further processed to create items like cereals, soups, 
and beverages. These dietary supplements are thought 
to have an impact on the majority of therapeutic 
areas, such as the common cold and cough, digestive 
issues, the prevention of certain cancers, osteoporosis, 
arthritic, hypertension, cardiac diseases, pain relievers, 
depression, and sleeping disorders38.

Certain Antioxidant nutraceuticals which contain 
turmeric, curcumin, lutein, and lycopene can be used 
to treat neuronal disorders such as dementia and AD39.

Many pronounced nutraceuticals that helpful in 
treating AD as they contain many essential antioxidants 
that are used in the treatment of many chronic diseases 
caused due to oxidative stress that plays a major part in 
neurological disorders40. 

5.1  Nutraceuticals in Ameliorating 
Neurodegeneration 

The neurodegenerative disorders mainly occur due 
to the misfolding of proteins41 as such the abnormal 
misfolding of proteins Ʈau and amyloid-beta leads to 
the generation of Alzheimer's disease, traumatic brain 
injuries that can be induced by modification of Ʈau, 
transactive response binding protein-43 and A-beta 
proteins as such Ʈau and TDP-43 misfunctioning 
causes epilepsy and other dysfunctions42.

In context to the therapeutic potential, the use of 
nutraceuticals is highly recommended which easily 
replaces synthetic drug ingredients such as donepezil, 

tacrine, rivastigmine, and galantamine as they work 
by inhibiting acetylcholinesterase enzyme; statins such 
as atorvastatin it works by inhibiting 3-hydroxy-3-
methylglutaryl coenzyme A (HMG-CoA) reductase; 
alpha-tocopherol, aspirin, ibuprofen and different 
other non-steroidal anti-inflammatory drugs, the 
compounds which show major side effects43.

Further, this confirms that nutraceuticals show 
a one effective alternate area that can be used in the 
management of neurological disorders as they have an 
advantage in the prices, easily available with decreased 
side effects.

As we are involving nutraceuticals the major 
herbal nutraceuticals in the treatment of neurological 
disorders include bacoside A, bacoside B and brahmine 
where Bacoside A and B are saponin derivatives and 
brahmine is an alkaloid derivates that is obtained from 
the plant Brahmi (Bacopa monnieri). This plant has also 
the properties of a nootropic plant that is highly used in 
Ayurveda for its neurocognitive enhancing properties. 
They help the brain with oxidative stress, generation of 
free radicals, and poor antioxidant property44.

6.  Current Trends in Medicinal 
Plants Research and 
Neurodegenerative Disorders

The ethnopharmacological approach is distinct in 
natural product research because it draws upon the 
expertise of the social and cultural sciences. The 
book "Ethnopharmacological Search for Psychoactive 
Drugs" introduced the word "ethnopharmacology" for 
the first time in 1967. Because of their importance in 
native medical systems, medicinal plants are regarded 
as a part of traditional knowledge in many regions of 
the world. Many explorers, traders, missionaries, and 
other knowledgeable professionals in healing and 
customs have recorded the applications of medicinal 
plants; these descriptions form the foundation for 
ethnopharmacology-based medication development. 
Drug research has frequently started with this kind 
of knowledge. Natural Products (NP) have been 
utilized as remedies to treat a variety of ailments since 
ancient times. NP continue to play a significant role in 
the identification of new therapeutic leads and have 
demonstrated their worth as a source of therapeutic 
compounds in the past. A significant source of drug 
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discovery is the wide range of medicinal plants and their 
ethnomedical history. It has been investigated whether 
the Apiaceae plant Centella asiatica (L.) Urb. possesses 
neuroprotective and anti-inflammatory qualities. The 
plant uses its antioxidant qualities and mitochondria 
protection to achieve its effects.

7. Conclusion 

There are many unwanted adverse effects associated 
with the use of synthetic drugs for curing various 
neurodegenerative disorders. To encompass these 
consequences of the disorders there is a profound use of 
medicinal plants to decrease the side effects. A variety 
of bioactive compounds are found in these herbs and 
medicinal plants which treat many neurodegenerative 
disorders that can be used in the form of nootropics. 
Further advances in the present era for the use of 
these medicinal plants occur in the form of herbal 
nutraceuticals that contain medicinal as well as health 
benefits that are highly used in the areas of Ayurveda 
for neuroenhancing properties. 
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