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Abstract

Neuronal damage resulting from traumatic brain injuries, strokes, and various neurological conditions poses significant
challenges to modern medicine. In recent years, there has been a growing interest in the exploration of herbal plants as
potential allies in safeguarding and supporting the nervous system. Among these botanical candidates, Ginkgo Biloba
and turmeric have emerged as the most extensively researched herbs due to their promising neuroprotective
properties. This review paper aims to provide a comprehensive overview of the neuroprotective activity of these herbal
plants, shedding light on their mechanisms of action and therapeutic potential. The choice of research methodology in
this field is multifaceted, with studies employing in vitro models using cell cultures, animal experiments utilizing mice
and rats, and, in some instances, human clinical trials. These diverse research methods have enabled a deeper
understanding of how herbal compounds interact with nerve cells, ensuring a rigorous evaluation of their safety
profiles, and exploring their applicability as therapeutic interventions. This review paper synthesizes and critically
analyzes the available body of evidence, encompassing both preclinical and clinical studies, to present a comprehensive
perspective on the neuroprotective effects of Ginkgo Biloba and turmeric. The findings not only illuminate the potential
of these herbal remedies in mitigating neuronal damage but also highlight the need for further research to unlock their
full therapeutic potential. In an era where the demand for natural and alternative approaches to neurological disorders
is on the rise, this review serves as a valuable resource for researchers, healthcare professionals, and the wider
community seeking insights into the promising realm of herbal neuroprotection.
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1. Introduction

An important and quickly expanding area of study in the fields of natural medicine and pharmacology is the study of
herbal plants' neuroprotective properties. The potential of several herbs and plant constituents to promote and
safeguard the health of the nervous system has been investigated?.

The loss of the central nervous system (CNS) in neurodegenerative conditions results in either diminished functioning
or sensory impairment!. Neurodegenerative disorders include Multiple Sclerosis (MS), Parkinson's disease, Alzheimer's
disease, and others 2.

Numerous illnesses that impact the nervous system, such as traumatic brain injuries, neurodegenerative diseases,
strokes, infections, and other conditions, can result in neuronal damage. Depending on where and how much neuronal
damage occurs, the effects might be severe and diverse. There are several common problems linked to neuronal damage,
including cognitive impairment, motor impairment, sensory loss, emotional and behavioral changes, neurodegenerative
diseases, stroke, traumatic brain injury, and neuropathic pain. The utilization of distinctive, precisely defined chemical
molecules is a component of modern pharmacotherapy. The biggest challenge confronting researchers is creating a
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medication or treatment that can cross the blood-brain barrier, simultaneously affect many disease pathways, and have
minimal adverse effects when taken at higher concentrations in humans. Therefore, researchers anticipate a paradigm
shift from monotherapy—which employs isolated medications to target a specific cellular pathway—to multitherapy,
which focuses on a number of targets and has a better chance of being effective. In order to do this, natural compounds
derived from known phytochemicals that have Potential therapeutic abilities are being used3. The majority of our
understanding of phytochemicals comes from conventional medicine and ancient herbal knowledge that has been used
for thousands of years in developing nations like India. As a result, the use of herbal products has seen a substantial
increase in popularity in Western countries in recent years. In order to provide better treatments, there is rising support
for combining contemporary drugs with established therapies.

In recent years, greater attention has been given to ancient medicine. In traditional medicine, a large number of plants
have been used to treat neurodegenerative illnesses such as Alzheimer's disease (AD) and other memory-related
disorders.* Traditional herbalism and natural medicine are both interested in the use of herbal plants for
neuroprotective action. In order to stop or delay the progression of Neurodegenerative illnesses and cognitive decline,
neuroprotection refers to methods and substances that support maintaining the structure and functionality of neurons
(nerve cells) in the brain and nervous system. In recent years, there has been growing interest in exploring the ability
of plants and their bioactive compounds as a source of neuronal protection. These naturally occurring compounds have
shown promise in attenuating neuronal damage, enhancing neuronal survival, and maintaining memory function.5
Herbal plants are taken into consideration for their potential to protect neurons for several reasons, including historical
and traditional use, complex chemical composition, natural source, multifaceted benefits, and the ability to target many
pathways. Herbal treatments for a range of illnesses, including cognitive and neurological diseases, have been used for
a very long time in numerous civilizations. Oftentimes, traditional herbal knowledge offers insights regarding plants
that could be neuroprotective. Plant organs, such as leaves, stems, roots, flowers, fruits, and seeds, have been utilized as
alternative and supplementary treatments in herbal medicine. Some plants have neuroprotective properties, such as
resveratrol, curcumin, ginsenoside, polyphenols, triptolide, etc.3 Many different bioactive substances, including
flavonoids, alkaloids, terpenoids, and polyphenols, are frequently found in herbal plants. Plant compounds known as
phytochemicals, include polyphenols, flavonoids, alkaloids, and terpenoids, which exhibit antioxidant, anti-
inflammatory, and anti-apoptotic activities, and have shown to be neuroprotective. They have the power to alter
numerous cellular processes related to the health and viability of neurons. Numerous plant-derived bioactive
compounds have been studied extensively for their potential neuroprotective effects, including resveratrol from grapes,
curcumin from turmeric, quercetin from onions, and ginkgo biloba extracts.®? These substances may have anti-
inflammatory, antioxidant, and other advantageous properties that could help with neuroprotection. Herbal plants are
products of nature, and many who support herbal medicine contend that natural substances are more readily absorbed
by the body and have fewer side effects than synthetic pharmaceuticals. Some herbal plants may have potential
neuroprotective benefits among their many other physiological effects. For instance, several herbs may strengthen
antioxidant defenses, and support the immune system, and blood circulation, all of which may promote overall brain
health. Complex and linked pathways, such as oxidative stress, inflammation, mitochondrial dysfunction, and protein
misfolding, frequently play a role in neurodegenerative disorders. Due to their multi-target effects, herbal substances
may target many of these pathways at once. When referring to a substance's capacity to prevent nerve cells (neurons)
from deterioration or injury, which is frequently linked to disorders like neurodegenerative diseases, oxidative stress,
inflammation, and more, we are referring to herbal plants or their constituents. These substances may stimulate brain
healing, increase neuronal survival, and regulate a number of cellular processes. The goal of the discipline of
neuroprotection is to provide methods and interventions that will protect the nervous system's health and functionality,
notably from various neurodegenerative diseases like Alzheimer's, Parkinson's, and stroke. Plants have long been a
source of bioactive compounds with various pharmacological properties, and their neuroprotective potential has
gathered attention because of their potential to alter various cellular pathways implicated in neurodegeneration® 9. The
preservation of the structure and function of neurons against insults resulting from cellular damage brought on by a
number of agents or neurodegenerative disorders is known as neuroprotection. Traditional medicine has received
increased attention in recent years. Through methods that include preventing protein-based deposit buildup, oxidative
stress, and neuroinflammation, as well as treating deficiencies of neurotransmitters like acetylcholine and dopamine,
medicinal herbs provide neuroprotective properties1°.

2. Plants with Neuroprotective activity

2.1. Ginko Biloba

One of the herbs with the most research on it for potential neuroprotective properties is ginkgo biloba. Researchers
have looked at the antioxidant and anti-inflammatory characteristics of its active ingredients, including terpenoids and
flavonoids, which may be beneficial to brain health. Standardized Ginkgo biloba extract (GBE), obtained from dried
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Ginkgo leaves, is used as a medicinal medication to treat dementia, including Alzheimer's disease (AD), and memory
loss11, Ginko Biloba has a variety of chemical components, including tri-lactonic diterpenes and ginkgolides A, B, and C.
There are also flavonoids such as proanthocyanidins, trilactonic sesquiterpene, isorhamnetins, and quercetin. Major
antioxidants are known to be flavonoids. Additionally, in preclinical AD models, GBE demonstrated neuroprotection and
anti-inflammatory properties 12, In vitro investigations using human brain tissues that have undergone oxidative
damage due to exposure to hydroxyl (OH*) or superoxide (02*) free radicals produced by Co®® irradiation revealed a
protective effect of Ginkgo biloba extract. Inhibiting the oxidative damage brought on by H202 /FeS04 with EGb 761
extract efficiently protected rat cerebellar granule cells from apoptotic cell death13. The flavonoid components of G.
biloba, namely kaempferol, and quercetin, which decreased ROS in the body in both in vitro and in vivo models, are
linked to the antioxidant activity in the extract!4. It can be deduced from several in vitro and in vivo investigations that
Ginkgo biloba's components have neuroprotective qualities. These characteristics could help defend neurons against
oxidative stress and inflammation, two factors linked to a number of neurodegenerative diseases. As potential methods
of action, it is possible to explore PAF antagonistism, free radical scavenging, interactions with neurotransmitters, and
even the production of growth factors. Clinical research indicates that the Ginkgo biloba leaf extract may be clinically
effective in the treatment of mild and moderate demential5. The potential advantages for cognitive function and its
capacity to ward off neurodegenerative illnesses have received the majority of attention in studies on Ginkgo Biloba's
neuroprotective action. Cognitive Improvement, Neurodegenerative Diseases, Anti-Inflammatory and Antioxidant
Effects, Blood Flow, and Vasodilation are some of the research fields. According to certain studies, it may have somewhat
beneficial effects on cognitive function, especially in elderly persons. The precise mechanisms underlying these effects
are not entirely known, and outcomes have been inconsistent.

2.2. Turmeric

Turmeric has long been used in Asia as a spice and traditional herbal treatment. Epidemiological evidence suggests that
consuming curry with turmeric enhances cognitive function in elderly Asiansé. The main yellow polyphenol found in
turmeric (Curcuma longa) rhizomes is curcumin. According to research, curcumin has the potential to protect the brain
by attaching to redox-active metalsl7also, according to numerous studies, curcumin must be paired with a
bioavailability enhancer such as piperine because it does not easily enter the blood-brain barrier'8. When coupled with
prepared turmeric extract and essential oils, Al-induced cognitive deficits and toxicity in mice might be reduced.
Demethoxycurcumin (DMC), bisdemethoxycurcumin (BDMC), and curcumin (CUR) are three of the phenolic, yellowish
curcuminoids found in turmeric. Turmeric extract combined with essential oil is a promising therapeutic strategy for
the prevention and treatment of neurodegenerative diseases, since it may considerably lower neuroinflammation and
oxidative stress and improve memory in mice exposed to aluminum?. The neuroprotective potential of curcumin in PD
also is related to its antioxidant properties. also it has shown that curcumin restored ROS intracellular accumulation in
human cell line SH-SY5Y exposed to 6-OHDA.20.21 When rats were treated for AD with Cur-NLCs, their capacity for
learning and memory greatly increased. The results suggest that pre-treatment of AD rats with Cur NLCs may be able to
reduce the deficits induced by an A injection by maintaining favorable conditions for neuronal activity. Curcumin
Nanostructured lipid carrier therapy for AD mice also decreased the number of amyloid plaques, which relieved the
symptoms of the condition. Our results suggest that curcumin may even be helpful after the onset of a disease. When
utilized as a neuroprotective agent, the availability of curcumin in the brain presents a challenge. Orally consumed
curcuminoids are swiftly broken down by the liver after entering the body. In the liver and intestinal mucosa, phase I
metabolism transforms curcuminoids into tetrahydrocurcumin (THC) and hexahydrocurcumin (HHC). Curcumin
glucuronide and curcumin sulphate are produced by substantial conjugation of curcuminoids and their reductive
metabolites with glucuronic acid and sulfate in phase II metabolism?22. The porosity of the blood-brain barrier and
curcumin's poor absorption limit its therapeutic potential. Free curcumin can be supplied to target tissues to have the
desired therapeutic effects by improving its bioavailability in the brain and plasma.

2.3. Brahmi (Bacopa monnieri)

it is a very well-known perennial, creeping herb from the Indian Ayurveda system; It contains different bioactive
phytoconstituents used in the therapeutic management of several life-threatening Diseases. This herb was used by
Ancient Vedic scholars due to its pharmacological effect, especially as a nerve tonic and nootropic booster. It has been
used in Ayurveda for therapeutic purposes since the dawn of humanity. It is employed in the management of tumors,
ulcers, asthma, and epilepsy. It is referred to as a "MedhyaRasayan" drug, which is used to improve memory. According
to "Ayurveda," the Indian traditional medical system, "Medhyarasayanas" possess natural therapeutic properties that
support memory, reestablish intellectual deficiencies, and enhance mental capacity. Since over three thousand years
ago, clinical Ayurveda specialists in India have used intellect (Medhya)?2°. On measuring the concentration of compounds
in ethanolic extracts by HPLC active components of Brahmi were found to be substances from the saponin group. The
results showed that mixtures of at least five saponin glycosides, including bacoside A3, bacopaside II, bacopasaponin C
isomer, bacopasaponin C, and bacopaside |, are present in combinations containing 5.04 0.40% (w/w) of ethanolic
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extraction of the aerial part of Brahmi plants23.Bramhi has the potential to reduce intracellular ROS. The quantity of
intracellular ROS in Brahmi-treated cells was measured to determine whether the antioxidant properties of Brahmi
extract contribute to cortical cell survivability in culture conditions. The amount of intracellular ROS, measured as the
ratio of ROS/cell viability, decreased in cells treated with 100 g/ml Brahmi for 48 h compared to untreated cells. This
finding implies that Brahmi can lessen the intracellular oxidative stress experienced by cultured cortical neurons, which
may resultin a longer lifespan for the neurons in the culture medium. Brahmi appears to improve the survival of cortical
neurons in culture in addition to preventing the damage that A25-35 causes to neurons. It is conceivable that
compounds in Brahmi extract extend the longevity of neurons in culture media in some way by encouraging cell survival
or delaying cell death. Brahmi has a therapeutic potential possibly as an alternate therapy for reducing the progression
of Alzheimer’s disease. According to studies, Brahmi extract has the ability to treat neurodegenerative diseases linked
to oxidative stress and amyloid-induced memory loss as well as prevent memory loss due to aging 23. Bacopa monnieri
has been shown to influence neurotransmitter systems in the brain, particularly acetylcholine. By enhancing cholinergic
transmission, Bacopa monnieri may support cognitive processes and potentially offer neuroprotection. In India, some
pharmaceutical companies have formulated syrups of Bramhi with other herbs as neurotoxic and which are being used
on large scales. Brahmi's effects have been investigated in a variety of human clinical investigations, most of which have
concentrated on its capacity to improve cognition. Bramhi has a notable beneficial impact on the retention of freshly
acquired knowledge 24. Bacosides A and B are the active ingredients in B. monnieri that have been shown to have
cognitive benefits. Triterpenoid saponins are also responsible for enhancing nerve impulse transmission. By promoting
kinase activity, neuronal synthesis, the recovery of synaptic activity, and nerve impulse transmission, the bacosides also
assist in the repair of injured neurons. When acetylcholinesterase activity is suppressed, the cholinergic system
performs better, which improves working memory, attention, and memory retrieval in senior persons. Due to its
biological activity, Brahmi, also known as Bacopa monnieri, may be used as a memory-enhancing alternative source for
the development of new neurological agents. Recent studies have demonstrated the efficacy of Brahmi as a medication
for enhancing mental health as well as the prevention and treatment of age-related cognitive declinez5.Numerous
convulsive models were used to test the anticonvulsant effects of the strong nootropic medication Bacopa monnieri in
albino rats. In this study, formulations of Bacopa monnieri (Bramhi Ghrita) and Saraswatarishta, two of the most widely
used dosage forms of this well-known medicine, were assessed for their anti-convulsion effectiveness against
phenytoin, and various stages were recorded on the eighth day of the experiment on all four groups. In comparison to
the control, Bramhi Ghrita had a more significant impact on the phases of extension and recovery. In comparison to the
control, both formulations dramatically shortened the rat's MES-induced convulsions' length and time to recover.
Activity is predicted by the inhibition of MES-induced convulsions. in opposition to tonic-clonic convulsions. Brahmi
Ghrita and Saraswatarishta have promising anti-convulsive activity with better restorative effects 26. Fresh whole plant
BM extract was found in clinical trials to improve different elements of cognitive function in both children and adults. It
was traditionally applied to infants in order to "open the gate of Brahma" and enhance their intelligence. Today, it is
administered to students for the same reason numerous studies have shown that BM has positive effects on both
humans and animals. As a result, BM has been made available on the market in India and other nations, where it is used
to treat memory and attention issues either by itself or in combination with other phytocomplexes??. The commercial
medication demonstrated a remarkable nootropic efficacy, especially in younger patients28. The alcohol and hexane
components of B. monnieri have anti-oxidant capabilities that prevent the lipid peroxidation impact. It shows great
potential in enhancing many neuro-pharmacological illnesses, aggravation, and other issues. Conventional treatments
for treating a variety of ailments make heavy use of the methanolic and ethanolic extracts of B. monnieri. Additionally,
the most significant phytochemical obtained from this plant and used to make a variety of therapeutic drugs is known
as bacoside A. The anticancer, antidiabetic, alleviating, antibacterial, antioxidant, and memory-enhancing effects of
Brahmi are proven 30, Other academic research also demonstrated the antioxidant activity of B. monnieri through other
ways. i.e., by preventing the activities of glutathione peroxidase (GPX), catalase, and superoxide dismutase (SOD).The
superoxide anion can be restrained by the methanolic extract. It has been reported in numerous studies that B. monnieri
crude water extract suppresses epilepsy. Sedative effects are produced by the plant extract. It is known that drugs that
stimulate the neurotransmitter GABA have anticonvulsant, analgesic, and sedative effects 31-32,

2.4. Ashwagandha (Withania somnifera)

Withania somnifera, an ancient plant relied on in traditional Ayurvedic treatment, has been shown to have
neuroprotective properties among its many possible benefits for health. The term "neuroprotection” describes a
substance's capacity to protect the nervous system, in particular nerve cells (neurons), against harm and deterioration.
While some study indicates that ashwagandha may have neuroprotective properties, it's critical to remember that more
research is required because the scientific data is not yet conclusive. The chemical compounds known as withanolides
are principally liable for Withania somnifera's medicinal effects. The antioxidant, anti-inflammatory, anti-cancer,
hemopoietic, and rejuvenating attributes of WS and its constituents are the basis for its multimodal positive effects.
Numerous neurological conditions, such as Alzheimer's disease, Parkinson's disease, Huntington's disease, anxiety
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disorders, and cerebral ischemia, have been proven to gain benefits with WS33. The root extract of Withania somnifera
Dunal, known as Ashwagandha, has shown anti-inflammatory, antioxidative stress, and neuroprotective properties that
activate choline acetyltransferase, inhibit corticosterone release, and increase serotonin in the hippocampus. The
proposed technique may be effective at reducing NO and modifying neurochemical mechanisms within
neurotransmitter systems, thus offering a potential therapy for Neurodegenerative diseases 34 35, Included Withania
somnifera root powder linctus (200 mg twice daily after meals) to the patient's existing insomnia treatment plan. After
receiving treatment for two months, the patient stated that all of the restless leg syndrome symptoms (RLS) had
vanished, going from three bouts per week to none at all when she was checked again after a month. When it was first
described, this was the only instance where the use of Withania somnifera may have completely resolved refractory RLS
in a case of Parkinsonism Disease. In addition, the motor problems and sleeplessness partially subsided. Withania
somnifera, especially in situations of advanced and refractory PD, may be able to halt the course of symptoms due to its
neuroprotective and pro-dopaminergic effects 36. The reduction in motor symptoms after the addition of Withania
somnifera is due to its neuroprotective effect and the resultant improvement in native dopamine activity 37.
Improvement in insomnia, however, has also been attributed to stimulation of GABAareceptors by Withania
somnifera®8. Both physically and physiologically, developed PC12 cells resemble real brain neurons. In a concentration-
dependent manner, a study showed that pretreatment of differentiated PC12 cells with an aqueous extract of W. somnifera
root effectively protected dPC12 cells from both H202- and Ab-induced cytotoxicity3. A 6-hydroxydopamine-induced model
in rats and a lithium-pilocarpine-induced seizures model of status epilepticus in rats revealed that W. somnifera root
extract also had neuroprotective properties 0.

2.5. Gotu Kola (Centella asiatica)

Southeast Asian countries like India, Sri Lanka, China, Indonesia, and Malaysia, as well as South Africa and Madagascar,
are dwelling to the tropical medicinal plant Centella asiatica (L.) Urban (Syn. Centella coriacea Nannfd., Hydrocotyle
asiatica L., Hydrocotyle lunata Lam., and Trisanthus cochinchinensis Lour.)*1. Centella asiatica, sometimes referred to as
gotu kola or Indian pennywort, is a medicinal herb that has been utilized for many years in several forms of conventional
medicine, most notably Ayurveda and traditional Chinese medicine. Among other potential health advantages, it is well
known for its neuroprotective capabilities. C. asiatica has been reported to be endowed with a wide range of biological
activities desired for human health, such as wound healing, in addition to its neuroprotective effects 42 4344, Several
biological elements, which include flavonoids, terpenoids, essential oils, alkaloids, carbohydrates, and amino acids, have
been found in CA by scientific studies 4°. CA has been applied to increase intelligence and promote cognitive function
since ancient times and now, it has been experimentally proven through 28 human samples that CA may improve mood
and enhance memory*6. A 14-day oral administration of C. asiatica aqueous extract in doses of 100, 200, and 300 mg/kg
has been reported to improve cognitive functioning in normal rats in a dose-dependent manner also Streptozotocin-
induced cognitive impairment was substantially reversed by pretreatment with the extract for 21 days*748. Rats
memory and cognition were improved by C. asiatica aqueous leaf extract, which additionally influenced the dopamine,
5-hydroxytryptamine (5-HT), and noradrenaline systems in the rat brain in vivo4?. Recent research investigations
additionally discovered and proven that C. asiatica serves as an antioxidant, minimizing the effect of oxidative stress in
vitro and in vivo, in addition to previous discoveries. At the in vitro level, C. asiatica promotes dendritic arborization
and elongation while also protecting against apoptosis in the neurons. Studies conducted in animals indicate a
protective effect of C. asiatica's entire extract and specific components against an array of neurological disorders. The
majority of in vivo studies on neuroprotective effects have been on epilepsy, learning and memory augmentation,
neurotoxicity, Alzheimer's disease, Parkinson's disease, and other mental diseases like depression and anxietyS0. A
study involving feeding 7-day-old rat pups fresh juice from C. asiatica leaves at doses of 2, 4, and 6 mL/kg body weight
for 2, 4, and 6 weeks revealed a substantial boost in dendritic length and dendritic branching points. Only the neurons
of rats treated for longer periods (4 and 6 weeks) with 4 and 6 mL C. asiatica/kg body weight/day showed significant
increases, suggesting that the effects were dose- and duration-dependent 51, 52,

3. Conclusion

It's vital to keep in mind that much of the study is still in its early phases, even though there is encouraging research
about the neuroprotective potential of numerous herbal plants and their chemicals. To determine the safety and
effectiveness of these herbal remedies for neuroprotection and to comprehend their potential role in controlling
neurodegenerative diseases and boosting general brain health, more thorough investigations, including clinical trials,
are required. After thorough research and clinical trials, these herbs may be used as supplementary treatment as well
as formulated dosage forms to protect and enhance neuronal health.

While there's promising research regarding the neuroprotective potential of various herbal plants and their compounds,
it's important to note that much of the research is still in its early stages. The effects can vary, and more comprehensive
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studies, including clinical trials, are needed to establish the safety and efficacy of these herbal treatments for
neuroprotection and to understand their potential role in managing neurodegenerative disorders and promoting
overall brain health.
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