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Abstract  Dementia has become one of the most 
significant public health and economic burdens. Due to the 
absence of a cure for dementia, the public health priority 
has focused more recently on the intervention that may 
help to improve cognitive performance in older age or at 
least delay the onset of dementia. Recently, nutraceuticals 
have displayed the ability and strong potential to act as 
neuroprotectants and/or delay cognitive impairment 
through various neuroprotective mechanisms. The present 
study aimed to review scientifically the potential of 
nutraceuticals in preventing and/or restoring cognitive 
function and highlights their possible mechanisms and 
evidence mainly through the modulation of 
neurotransmitters. Online literature databases such as 
PubMed and Science Direct were used to search related 
articles. Current evidence revealed that nutraceuticals like 
choline, iron, galantamine, omega-3, luteolin, theanine, 
some vitamins, and probiotics showed better 
neuroprotective activity against cognitive impairment and 
dementia. The neuroprotective activity of these 
nutraceuticals is associated with their ability in regulating 
neurotransmitters, including inhibiting the reuptake 
enzymes of neurotransmitters, up-regulating the receptor 
level, and becoming the precursors of neurotransmitters, 
thus enabling neurotransmission to occur. Hence, this 
review would aid the researcher and common people in 
better understanding the mechanisms and choosing better 
nutraceuticals to combat cognitive decline and dementia. 

Keywords  Cognition, Dementia, Dietary Supplement, 
Neurotransmitter, Nutrition 

1. Introduction
Dementia is a progressive age-related impairment of 

memory, language, visual processing, and problem-solving 
skills, and eventually incapable to function independently 
[1]. It is the leading cause of disability among older people 
worldwide and is destined to increase in the developing 
world in tandem with the aging population. In 2020, an 
estimated 50 million people lived with dementia 
worldwide, with over 9.9 million new cases annually. 
Moreover, this number is anticipated to triple by 2050, 
reaching 152 million [1]. The prevalence of dementia is 
rapidly increasing in developing countries, including 
Malaysia. In 2016, about 50 000 people with dementia 
were reported in Malaysia, with many remaining 
undiagnosed because of the misunderstanding that 
dementia is a normal part of aging [2]. Although it is far 
more common in the geriatric population, it may occur in 
any stage of adulthood. The impact of dementia not only 
affects patients and their families, but the growing 
prevalence of dementia may significantly strain the 
economy and healthcare system. Increasing public costs 
have become a heavy burden on society and have attracted 
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attention worldwide. Therefore, preventive measures 
should be taken into consideration to reduce the incidence 
of dementia globally. 

Neurotransmitter loss or decline appears to be one of the 
common reasons for developing dementia. 
Neurotransmitters are chemical messengers that help 
convey messengers across the synapse from one neuron to 
the other neurons in neuromuscular junctions to enable 
neurotransmission [3]. An extensive loss of 
neurotransmitters like acetylcholine and other 
neurotransmitters including Serotonin, norepinephrine, 
dopamine, corticotrophin-releasing factor, and in some 
studies, gamma-aminobutyric acid (GABA) has been 
reported in Alzheimer’s Disease (AD) and vascular 
dementia, the two most common forms of dementia. The 
loss of neurotransmitters caused by the death of neurons 
may contribute to cognitive impairment, thus resulting in 
neurodegeneration [4]. In some studies, declined levels of 
acetylcholine due to the formation of plaques, which 
enhance acetylcholinesterase activity, result in the 
breakdown of acetylcholine in individuals with AD [4]. 

Treatments for dementia are primarily associated with 
medicines that treat AD because it is the most common 
form of dementia. The main-line treatments are 
acetylcholinesterase inhibitors, donepezil, rivastigmine, 
and galantamine. These three acetylcholinesterase 
inhibitors help reduce the temporary symptoms of 
dementia [5]. They work by preventing the 
acetylcholinesterase enzyme from breaking down the 
acetylcholine in the brain, thus helping nerve cells 
communicate. Besides acetylcholinesterase inhibitors, 
memantine is also considered a treatment for moderate or 
severe AD and is taken by those who cannot tolerate 
acetylcholinesterase inhibitors [5]. These treatments are 
associated with some side effects such as nausea, vomiting, 
constipation, diarrhea etc. Some studies reported that due 
to the overstimulation of acetylcholine, adverse effects 
such as a rise in gastric acid secretion and vagotropic 
effects may result in patients with current treatment of 
cholinesterase inhibitors [6]. 

Due to the absence of a cure for dementia and AD, the 
public health priority has recently focused on preventing 
cognitive decline. Evidence has recently shown that 
nutraceuticals are emerging as a practical approach for 
treating many chronic diseases, including neurological 
disorders [7]. Nutraceuticals are terms that Stephen De 
Felice coined in 1989, used to describe food or parts of 
food that have nutritional or medical benefits, including 
disease prevention and treatment [8]. Nutraceuticals appear 
important and provide specific benefits for a healthy and 
longer life. They are becoming the most favored choice, 
especially among older people, hindering conditions 
associated with neurological diseases primarily due to 
fewer potential side effects [7]. Several dietary 
components, such as omega 3, have been reported to lower 
the risk of cognitive decline and dementia [9]. Numerous 
studies have reported that the neuroprotective effects of 

nutraceuticals are mediated through various signaling 
pathways. Therefore, this review was intended to explore 
the neuroprotective potential of nutraceuticals in 
preventing cognitive impairment and dementia and 
highlighted their possible mechanisms and evidence, 
mainly in the regulation of neurotransmitters.  

2. Literature Search Strategy 
This study reviewed reports from literature published 

from 2011 to 2021. Articles were searched through two 
databases, namely PubMed and ScienceDirect. The search 
involved the combination use of terms like “nutraceuticals”, 
“neurotransmitter” and dementia”. The study design was 
not restricted, and all potential articles were retrieved. The 
articles that contain only abstracts but no full text were 
excluded from the study. To further identify relevant 
papers that were not found in the electronic databases, 
additional articles were hand-searched based on the 
citations in each paper.  

A total of 411 articles were identified through Pubmed 
and ScienceDirect. All articles were evaluated and 
reviewed by the author. Out of 411 articles that were 
screened based on titles and abstracts, only 49 full-text 
articles were deemed relevant to the study that meets the 
following criteria: (a) contain full-text articles, (b) related 
to the study, (c) no restriction on the study design. In 
addition, 13 articles were identified through a relevant 
manual search. Finally, a total of 68 studies were included 
for the preparation of the present review.  

3. Neurotransmitter 
Neurotransmitters are chemical messengers that help 

convey messengers across the synapse from one neuron to 
the other neurons to enable neurotransmission. Their roles 
are crucial for cognitive function where they maintain 
one’s alertness and wakefulness [10]. Several classes of 
neurotransmitters play an important role in cognitive 
function. The brain’s activity is stimulated through several 
neurotransmitter chemicals such as cholinergic, adrenergic, 
serotonergic, dopaminergic, and glutamatergic [10]. 

3.1. Regulation of Neurotransmitters in Dementia 

Since neurotransmitters play a significant role in 
transmitting signals in the brain, abnormalities in 
neurotransmitters can increase the risk of dementia. The 
pathophysiology of numerous psychosomatic illnesses is 
also caused by neurotransmitter imbalance [11]. Cognitive 
dysfunction may result from impaired synaptic function 
followed by a loss of neurons in patients having dementia 
[10]. Degeneration of myelin sheaths and white matter loss 
might contribute to slower conduction of impulses along 
axons in aged people [12]. Alteration in the concentrations 
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of cholinergic, serotonergic, dopaminergic, noradrenergic, 
and glutamatergic neurotransmitters, enzymes, hormones, 
and metabolites characterize brain aging [13]. The death of 
neurons is known to cause a deficit in neurotransmitters 
[4]. 

3.1.1. Acetylcholine 

Acetylcholine is crucial for memory, learning, attention, 
and the sleep-wake cycle [14]. The etiology of working 
memory loss is linked to the dysfunction of cholinergic 
neurons in the basal brain. It is associated with decreased 
brain cholinergic neurons, decreased acetylcholine 
production and release, and altered brain cholinergic 
receptor function [15]. For instance, patients with AD 
show a depletion of choline acetyltransferase enzyme 
from 50% to 35% and deficits of synaptic reuptake of 
choline of about 60% compared to normal individuals 
[16]. 

3.1.2. Glutamate 

In the case of glutamate, the disruption of 
neurotransmission is due to the alteration of the glutamate 
transporter 1 molecule. Hence, the uptake of glutamate is 
reduced resulting in the presence of abnormally free high 
synaptic glutamate under the resting condition and less 
glutamate uptake to be stored in the vesicles, which in 
turn results in a tonic activation of NMDA receptors as 
these receptors are responsible for influx amount of Ca2+ 
into the postsynaptic cells [3,16]. These conditions lead to 
poor neurotransmission that may impair memory and 
learning [17]. Receptor subunits are impacted differently 
in such cases as AD, with some showing no change while 
others showing changes in protein and mRNA levels in 
specific hippocampus regions [18]. 

3.1.3. Dopamine 

Alterations in the dopaminergic system due to the 
reduction of dopamine receptors have been involved in 
dementia, which results in abnormalities of movement, 
posture, parkinsonian tremor, weakened effects, and 
apathy [14,19]. The reduction level of dopamine 
neurotransmitters has been shown to link with the 
pathophysiology of the common type of dementia, AD, 
after being investigated in one systematic study [20]. 
Some studies also demonstrated that the low level of 
dopamine neurotransmitters had been correlated due to the 
significant reduction of D1 and D2 receptors responsible 
for regulating dopamine neurotransmitters in the brain 
[19]. 

3.1.4. Serotonin 

In the serotonergic system, it is found that during aging, 
the level of serotonin and serotonin receptors is reduced, 
the same goes for the activity of different 5-HT receptor 
subtypes such as 5-HT2A, which is responsible for 

modulating learning function, neuroendocrine, and sleep 
cycles [12]. One systematic study regarding 
neurotransmitter deficits in frontotemporal dementia 
(FTD) showed that low serotonin levels in the brain were 
linked to aggressiveness and impulsiveness and 
depressive symptoms, and changes in frontal cortex 
metabolism [21]. The low level of Serotonin has been 
associated with the reduction of serotonin common 
receptor subtypes such as 5-HT2A and 5-HT1A receptors 
and a lack of non-specific serotonin binding [21]. 

3.1.5. GABA 
Gamma-aminobutyric acid is a neuroinhibitory 

neurotransmitter. Dysfunction of GABAergic signal 
transmission is known to be the main factor in the 
pathogenesis of several neurological disorders. 
Neurotransmitter levels at GABAergic and glutamatergic 
synapses are primarily maintained by astrocytes through 
their mediation of the glutamate/GABA-glutamine cycle 
and synthesized via the alpha-decarboxylation of 
l-glutamate by the enzyme acid decarboxylase (GAD). 
Given the significance of the GABAergic system in 
neuronal function and homeostasis, the maintenance of 
excitatory/inhibitory balance, and the learning and 
memory processes, such alterations in GABAergic 
function might lead to the major contribution in both the 
early stages and late phases of dementia-like AD 
pathogenesis [22]. It is demonstrated that the expression 
of GABAA receptors of the GABAergic is altered in 
aging and AD [23]. 

4. Nutraceuticals 
Nutraceuticals are the term that was coined by Stephen 

De Felice in 1989 and used to describe food or parts of food 
that have nutritional or medical benefits, including disease 
prevention and treatment [8]. The nutraceuticals contain 
ingredients used for pharmaceuticals; however, they do not 
undergo testing thoroughly like pharmaceutical products. 
They can be categorized as dietary supplements from a 
legal perspective [24]. Despite having importance as 
preventive medicine and human attempts to avoid diseases, 
nutraceuticals are also considered part of complementary 
medicine due to their benefits in the treatment of various 
health disorders [9]. It has been believed that nutraceuticals 
provide a physiological effect or defense against numerous 
diseases such as coronary agents, antidiabetics, anti-cancer 
agents, anti-obesity agents, systemic inflammatory agents, 
immune boosters, allergies, etc. degenerative diseases [25]. 
These functional food interventions are believed to act on 
several pathways in a slow but more functional manner 
without having any significant adverse effects [26]. It has 
been documented that nutraceuticals have triggered effects 
in signaling pathways due to their direct actions on 
enzymes for instance kinases, proteins, and regulatory 
receptors [27]. 
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Table 1.  Classifications of nutraceuticals 

Classes of nutraceuticals Examples References 

Nutrients Minerals, vitamins, fatty acids, amino acids [7,9,24] 

Herbals or extracts Tannin-containing compounds, flavonoids, terpenoid-containing compounds, carotenoids, 
non-carotenoid foods, curcumin, and resveratrol [7,8,9,30] 

Microorganisms Prebiotics, probiotics [24,31] 

 

Nutraceuticals can be categorized into a few classes; 
nutrients, herbal or extracts, and microorganisms (Table 1). 
The primary metabolites of substances such as minerals, 
fatty acids, vitamins, and amino acids are classified under 
nutrients. These nutrients provide several benefits for 
treating neurological impairment [7]. For example, fatty 
acids and their compounds are indicated for 
hypertriglyceridemia because they have a significant effect 
on the membrane permeability due to modifications of 
PUFAs composition of the cell membrane [24]. Vitamins 
such as vitamins A, C, and E are commonly known as 
antioxidant vitamins [9]. Vitamins have been 
recommended to prevent and treat certain pathological 
disorders, such as heart diseases, obesity, or cancer [28]. 
Besides, vitamins are crucial as they inhibit the 
inflammatory cascade from being stimulated due to 
reactive oxygen species (ROS) that are commonly 
associated with AD patients [9]. Dietary amino acids such 
as glutamine and asparagine provide benefits as they 
regulate neurotransmitters and enhance brain function [29]. 

Herbals or extracts are associated with botanical 
products. Examples of components under this class are 
tannin-containing compounds, flavonoids, 
terpenoid-containing compounds, carotenoids, 
non-carotenoid foods, and curcumin [7]. The combination 
of nutrients and herbs seems to benefit health disorders, 
including neurodegenerative disorders [30]. For instance, 
flavonoids and their metabolites, usually found in fruits 
and vegetables, have advantages in possessing several 
modulations in neurological processes typically associated 
with AD pathogenesis [8]. Terpenoid-containing 
compounds such as Ginkgo biloba are among the most 
common natural compounds used as a precaution and 
treatment in neurodegenerative disorders, including AD [9]. 
Carotenoids are commonly found in colored fruits or 
vegetables and sometimes in seafood have been 
categorized as antioxidants and contain anti-inflammatory 
properties that provide potential sound effects in some 
neurodegenerative disorders [32]. Curcumin and 
resveratrol are classified under non-flavonoid polyphenols. 
The evidence stated that both compounds show protective 
effects of neurotoxicity and neurodegeneration in cell 
culture and in vivo models [32]. 

Furthermore, prebiotics and probiotics are also 
considered under nutraceuticals. The difference between 
these two is that prebiotics are considered part of dietary 
fibers and produce short-chain fatty acids (SCFA) in the 
colon as substrates for most beneficial bacteria [24]. 

Prebiotics exert potential effects on metabolic disorders, 
including increasing appetite and glucose tolerance and 
minimizing diarrhea [31]. Probiotics are live 
microorganisms that provide the advantage of health to the 
host when being administered in adequate amounts and 
commonly contain probiotics or a combination of 
prebiotics and probiotics [24]. They claimed to have 
potential benefits in neurological disorders' health 
problems, including AD and depression. 

4.1. Nutraceuticals Effects on the Inhibition of 
Reuptake Enzymes 

Clinical studies have suggested that one of the effective 
managements for dementia is mainly by inhibiting the 
reuptake enzymes of acetylcholinesterase (AChE) as well 
as butyrylcholinesterase (BChE) that are commonly 
associated with memory impairment and cognitive decline, 
especially in AD patients [33]. The action of AChE and 
BChE inhibition activities prohibits them from breaking 
down acetylcholine and butyrylcholine in the brain, 
resulting in higher concentrations of the neurotransmitter 
at the synaptic cleft and increased transmission of nerve 
impulses that use acetylcholine or butyrylcholine as a 
chemical messenger [34]. 

Several functional foods are believed to act as 
inhibitors of the reuptake enzymes to increase 
neurotransmitter transmission and enhance memory in 
patients with dementia. Huperzine A, a sesquiterpene 
alkaloid isolated from Huperzia serrata fern extract, 
shows beneficial effects as a cholinesterase inhibitor in 
dementia patients and individuals with mild cognitive 
impairment (MCI) [35,36]. Tabira and Kawamura [35] 
concluded that treatment with Huperzia serrata extract 
(150 – 360 mg/day) containing 300 – 360 µg Huperzine A 
exhibited improvements in cognitive functions, as 
assessed by the Alzheimer’s Disease Assessment 
Scale-cognitive subscale Japanese version in dementia 
patients with AD and dementia with Lewy bodies (DLB) 
as well as MCI individuals. Its action is nearly 8- fold 
more excellent than donepezil and rivastigmine, the 
standard treatment in managing mild and severe AD. In 
addition, Huperzine A reduces oxidative stress, 
downregulates the production of apoptotic proteins and 
protein mitochondria, and regulates the breakdown of 
amyloid precursor proteins in patients with dementia [37].  

Other than inhibiting the reuptake enzymes responsible 
for breaking down acetylcholine, several nutraceutical 
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components exhibit inhibitory action toward monoamine 
oxidase (MAO), which is responsible for removing 
neurotransmitters from the brain norepinephrine, 
serotonin, and dopamine. Meanwhile, alkaloid extracts 
from kola nuts showed significantly higher inhibitory 
effects on MAO activity which increases dopamine levels 
in the neuron glial cells [38]. 

Recently, microalgae have received much interest 
because of their potential to produce various secondary 
metabolites used for nutraceuticals or food supplements 
such as carotenoids, polyphenols, sterols, polyunsaturated 
fatty acids, and polysaccharides [39]. These compounds 
have shown diverse physiologic and neuroprotective 
effects. Nutraceutical compounds such as quercetin, rutin, 
quercitrin, and phenolic compounds are believed to 
exhibit dual inhibitory effects of AChE and BChE (39). 
Caffeic acid, categorized under phenolic acids, exhibits 
high inhibitory activities of AChE and BChE, which 
reduces the breakdown of acetylcholine and 
butyrylcholine [34]. 

Other phenolic compounds, such as phlorotannin (at 
dosage 50 or100 mg/kg) that mostly found in brown 
seaweed, have been shown to exhibit anti-cholinesterase 
activity in the scopolamine-induced mice via oxidative 
scavenging and activation of the extracellular 
signal-regulated kinase (ERK)-cyclic AMP- response 
element-binding protein (CREB)-brain-derived 
neurotrophic factor (BDNF) pathway [40,41]. Other 
studies also revealed that flavonoids and phenolic acids in 
sorrel extract enhance the level of dopamine by 
terminating MAO activity in the brain. This effect 
prevents oxidative injury to neurons, thus increasing the 
ability to treat dementia-like diseases such as AD and PD 
[42]. Plant phenolic also affected catecholamine 
neurotransmitter levels and activity via promoting 
tyrosine hydroxylation, suppressing MAO expression, and 
activating D1 and D2 dopamine receptors in the brain 
[43]. 

Curcumin, a non-flavonoid polyphenol, is an active 
ingredient of turmeric. Curcumin has a wide range of 
medicinal properties anti-inflammation, antioxidant, 
anti-obesity, anti-diabetic, anti-cancer, and anti-microbial. 
Curcumin has been shown to increase neuron formation 
and have a substantial anti-AD impact by inhibiting AChE 
and BChE and monoamine oxidates, which serve as 
anti-PD agents [44, 45]. 

Coenzyme Q10 (CoQ10), also known as ubiquinone, is 
a nutrient that occurs naturally in the body. It is also found 
in many foods such as organ meat, fish, nuts, and some 
oils [46]. Coenzyme Q10 is a powerful lipid antioxidant 
that inhibits the formation of free radicals and the 
alteration of proteins, lipids, and DNA (47). CoQ10 
shows potent neuroprotective properties by inhibiting the 
AChE and BChE activity [44]. 

Meanwhile, supplementation with the aqueous extract 
of roasted date seeds, nigella seed, and virgin olive oils at 
a dosage 10 mL/kg/d for 14 days inhibited 

acetylcholinesterase activity and expression in the brain 
and hippocampus of the AD rats compared to the 
donepezil treatment group [48]. Reduction in AChE 
activity improved the cholinergic function in the brain. 

Sulfated polysaccharides, which are usually isolated 
from seaweeds, showed an inhibitory effect on AChE and 
BChE activity in-vitro [33]. These dual inhibitory actions 
suggest the potential of these compounds as 
cholinesterase inhibitors that might be further explored to 
treat dementia-like diseases such as AD [33]. 

Probiotics are live microorganisms that provide the 
advantage of health to the host when being administered 
in adequate amounts and commonly containing probiotics 
or a combination of prebiotics and probiotics [24]. The 
lactic acid bacterium is a common probiotic used in 
nutraceutical products and has been found to have health 
benefits in neurodegenerative diseases [49]. Lactobacilli 
fermented cow milk decreases AChE activity and 
improves cognitive learning and memory capability in 
lipopolysaccharide-induced mice [50]. 

Meanwhile, a combination of nutrients like 
phosphatidylserine, blueberry extracts, docosahexaenoic 
acid (DHA), and eicosapentaenoic acid (EPA) are 
categorized under omega-3 fatty acids was also found to 
increase the level of acetylcholine by reducing the total 
cholinesterase (TChE) level in the brain of the AD 
transgenic mouse model [51]. Altogether, this 
supplementation improves memory and cognitive function 
and can be recommended as a complementary therapy for 
cognitive decline. 

4.2. Nutraceuticals Effects on Modulating the 
Neurotransmitter Receptors 

Our brain cells signal toward each other through a 
mechanism known as neurotransmission. This 
transmission is essential and cannot occur without the 
presence of cellular structures called receptors. Receptors 
are crucial and have an essential role in brain function due 
to their properties as effector sites of neurotransmission at 
the postsynaptic membrane, regulate transmitter reuptake 
and feedback at presynaptic sites and modulate various 
activities on the cell membrane [52]. 

Choline is a component in everyday foods similar to 
vitamin B and is involved in various cellular processes 
[53]. Choline is also a precursor for acetylcholine, a 
neurotransmitter that stimulates the alpha7 nicotinic 
acetylcholine receptor (7nAchR) and the Sigma1 R (1R). 
One experimental study involving choline 
supplementation in a group of mice showed that the 
expression of alpha 7nAchR increased, thereby enhancing 
the binding of acetylcholine on the receptor to exhibit 
neurotransmission signals in the brain [53]. A study 
shows that iron supplementation during developmental 
and rapidly growing periods of life can enhance memory 
performance and regulate cholinergic and glutamatergic 
neurotransmission [54]. Early iron deficiency may result 
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in long-term modifications in dopamine metabolism, 
myelination, hippocampal structure, and function (55). 
Up-regulation of dopamine receptor 1, glutamate 
receptors N-methyl-D-aspartate (NMDA), 
alpha-amino-3-hydroxy-5-methyl-4 isoxazole propionic 
acid (AMPA), and nicotinic acetylcholine receptor 
(nAChR) were observed in the prefrontal cortex of 
iron-loaded rats [54]. Since these receptors play a crucial 
role in cognitive function, the increased expression level 
is believed to contribute to learning capacity and memory 
performance in neurodegenerative disorders. An 
investigation study regarding current nutraceuticals used 
compounds, which are choline-containing phospholipid 
phosphatidylcholine (CDP-choline) and choline 
alphoscerate on brain cholinergic transporters in rats 
showed that there was a significant increase expression of 
vesicular acetylcholine transporter (VAChT) and choline 
transporter (CHT) immunoreactivity around Purkinje 
neuron cell bodies [15]. Increased expression of both 
VAChT and CHT plays a significant role in synthesizing 
and releasing acetylcholine and enhancing brain and 
dopamine release concentration to counter age-related 
cognitive impairment in dementia [15]. 

Omega-3 polyunsaturated fatty acids (n-3 PUFA) are 
considered essential modulators of neuroinflammation, 
oxidative stress, neurogenesis, and significant components 
of neuronal membranes [56]. The components include 
eicosapentaenoic acid (EPA), docosahexaenoic acid 
(DHA), docosapentaenoic acid (DPA), and alpha- 
linolenic acid (ALA). Dietary supplementation with 
omega-3 polyunsaturated fatty acids (n-3 PUFA) in a 
group of aged mice revealed a significant increase in the 
expression of VAChT. The findings demonstrated that the 
n-3 PUFA supplementation might be used to prevent 
behavioral impairments and hippocampus damage by 
enhancing the cholinergic transmission in the brain, which 
is a crucial modulator for neurogenesis during aging [56]. 
Besides, surviving hippocampus cells continue to improve 
the production of GABAA receptor subunits to sustain 
inhibitory hippocampal circuitry [18]. It also has been 

proven that DHA supplementation promotes not only 
neurite formation and synaptogenesis but also the 
amounts of synapsin and glutamate receptor subunits, as 
well as synaptic activity in hippocampal neurons [18]. 

Lycopene is the most prevalent carotenoid found in 
tomatoes and other red-colored fruits such as watermelon, 
papaya, and grapefruit [57]. A substantial increase in the 
density of dopamine and GABA receptors in substantia 
nigra regions were seen in the experimental group of PD 
rats treated with lycopene compared to the control group 
after several days of therapy [58]. L-theanine compound, 
which can be found in the tea, has a similar structure to 
glutamic acid and performs its function on GABA 
receptors, which were conducted in one experimental 
study involving brain striatum interstitial in conscious rats 
[59]. The study showed that the compound regulates the 
levels of specific neurotransmitters such as dopamine, 
Serotonin, glycine, and GABA, promoting nerve growth 
factors and modulating CNS processes [59]. 

Galantamine is found in various plants but is commonly 
known by several amaryllis family members 
(Amaryllidaceae) [60]. It is classified under isoquinolone 
alkaloid family and was found to be able to modulate 
nicotinic neurotransmission by allosteric potentiation of 
pre-and postsynaptic nAChRs. The allosteric regulation of 
these receptors can enhance the production of 
acetylcholine and other neurotransmitters such as 
glutamate and dopamine [61]. Walnut protein hydrolysate 
has been demonstrated to improve scopolamine-induced 
learning and memory impairments in mice by increasing 
the number of acetylcholine receptors and up-regulating 
mRNA expression of choline acetyltransferase (ChAT) 
[62]. Stigmasterol, a kind of phytosterol found in a variety 
of foods such as almond, hazelnut, and walnut, has been 
demonstrated to have estrogenic action, which results in 
the stimulation of the estrogen or NMDA receptors in the 
glutamatergic neurotransmission in the hippocampus of 
rats with scopolamine-induced memory deficits [63]. The 
role of nutraceuticals in modulating the neurotransmitter 
receptors is summarized in Table 2. 
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Table 2.  Roles of nutraceuticals in modulating neurotransmitter receptors 

Nutraceuticals 
and its active 
compounds 

involved 

Receptor types Experimental 
models Dosage References 

Choline Increased expression of alpha7 nicotinic acetylcholine 
receptor (7nAchR) In-vivo 5.0 g/kg of choline [53] 

Iron, galantamine 
(isoquinone 

alkaloid), walnut 
(protein 

hydrosalate) 

Up-regulate dopamine receptor 1, both glutamate 
receptors N-methyl-D-aspartate (NMDA) and 

alpha-amino-3-hydroxy-5-methyl-4-isoxazolepropionic 
acid (AMPA), nicotinic acetylcholine receptor 

(nAChR) 

In-vivo - 
scopolamine-induced 
learning and memory 
impairments in mice. 

10,000 mg iron/kg 
diet 

400 mg/kg/day for 
28 days of walnut 

[54,55,61, 
62,63] 

Choline 
(CDP-choline and 

choline 
alphoscerate), 

Omega-3 
polyunsaturated 

fatty acids 

Increased expression vesicular acetylcholine transporter 
(VAChT) In-vivo 

325 mg/kg/day of 
CDP-choline; 150 

mg/kg/day of choline 
alphoscerate 

350 mg/kg of n-3 
PUFA for 8 weeks 

[15,56] 

Amino acid 
analogue, L- 

theanine 
compound (found 

in tea) 

Enhanced production GABAA receptor subunits In-vivo 100 mg theanine/100 
g b.w [59] 

Polyunsaturated 
fatty acid (DHA) Increased amount of glutamate receptor subunits In-vivo 0.9 wt% DHA [18] 

Lycopene (most 
prevalent 

carotenoid) 
Increased amount of dopamine receptor subunits In-vivo 0.5 ml/100 g b.w [57,58] 

 

4.3. Nutraceuticals as Precursors of Neurotransmitters 

Vitamins are a class of chemical substances required for 
proper physiological function but are not synthesized 
endogenously by the body and should be obtained in tiny 
amounts from the diet (64). Vitamins B, such as vitamins 
B1, B5, B6, B9, and B12, regulate neurotransmitter 
production as they rely on methionine as a precursor to 
s-adenosyl L-methionine [13]. B6 pyridoxine, for example, 
has also been related to neuroprotection, which appears to 
be primarily due to its capacity to control the glutamatergic 
system and hence GABA and glutamate levels as GABA is 
the primary inhibitory neurotransmitter; thus, it is apparent 
that GABA shortage can result in catastrophic 
repercussions such as seizures [65]. 

Besides, the previous study has found that iron and 
magnesium supplementation is necessary for maintaining 
the electrophysiological characteristics of brain circuits 
and the neurotransmitter system as well as crucial for nerve 
impulse conduction [64]. 

Dietary choline supplementation increases acetylcholine 
production and improves memory function in healthy rats 
while attenuating memory deficits in an animal model of 
amnesia [62]. In an in-vivo study involving 
supplementation of choline-containing phospholipid 
phosphatidylcholine (CDP- choline) and choline 
alphoscerate on brain cholinergic transporters in rats, there 

was a significant improvement in brain metabolism and 
enhanced different neurotransmitter systems by activating 
the production of structural phospholipids in neuronal 
membranes [15]. Choline alphoscerate is a cholinergic 
precursor with similar effects on muscarinic receptors that 
are particularly efficient in increasing in vivo acetylcholine 
release and concentration [15]. 

Luteolin, a common flavonoid derived from various 
plants, is believed to have favorable effects on learning and 
memory processes. It suggested that luteolin may 
positively impact several neurotransmitters in the brain 
regions associated with the behaviors, such as the 
cholinergic and glutamatergic systems [66,67]. Another 
study also showed that luteolin possessed immediate 
effects on the GABAergic system, which may be mediated 
through the GABAA receptor- Cl-ion complex [68]. A 
study on repeated endosulfan exposure in the brains of rats 
showed reversal activities of neurochemical changes 
associated with high concentrations of norepinephrine, 
dopamine, and GABA neurotransmitters after being 
introduced with quercetin, a biochemical from the 
flavonoid group [69]. 

Theanine, which is abundant in green tea, has been 
demonstrated to prevent neurotoxicity caused by glutamic 
acid. The molecular structure of theanine is similar to that 
of glutamine which is a primary precursor needed for the 
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production of glutamate, which is then sequestered in a 
neurotransmitter pool within the glutamate or glutamine 
cycle following integration into glutamatergic neurons in 
the brain [70]. Oral consumption of theanine at 5–6 mg/kg 
alleviates learning impairment and mitigates shortened 
lifespan, cerebral atrophy, behavioral depression, and 
oxidative DNA damage in mice with chronic psychiatric 
social stress. 

An in-vivo study involving rodents found that 
supplementation with fish oil or omega-3 fatty acids 
(n-PUFA) results in increased fractions of 
docosahexaenoyl ethanolamide (DHA-EA) in the brain, 
jejunum, liver, and adipose tissue thus, dramatically 
enhanced neural transmission, improved hippocampus 
neurite development, and promoted synaptogenesis [71]. 
Centella asiatica (Gotu kola) aqueous and ethanolic 
extracts derived from an herbal plant were proven to have a 

role in activating glutamic acid decarboxylase (GAD) 
enzyme, which controls GABA production. An in vitro 
study using rat brains showed that aqueous and ethanolic 
extracts of C. asiatica at a dose of 1 mg/ml regulate GABA 
synthesis by over 40%, substantially decrease 
anxiety-related disorders, reduce stress and depression, and 
improve cognitive impairment [72].  

Probiotics may influence brain function by affecting 
levels of neuromodulators or neurotransmitters such as 
BDNF, γ-aminobutyric acid, serotonin, dopamine, 
norepinephrine, and acetylcholine [73]. Supplementation 
with Lactobacillus plantarum (109 CFU/mouse/day) for 16 
days significantly increased both serotonin and dopamine 
levels and would be effectively helpful in ameliorating 
neuropsychiatric disorders [74]. The role of nutraceuticals 
as precursors of neurotransmitters is summarized in Table 
3. 

Table 3.  Roles of nutraceuticals as precursors of neurotransmitters 

Nutraceutical compounds involved Relevant bioactivities References 

Vitamins (Vitamin B1, B5, B6, B9 and B12) 

 Regulate neurotransmitter production as they rely on methionine as a 
precursor to s-adenosyl L-methionine. 

 Control the glutamatergic system and hence GABA and glutamate 
levels. 

[13,65] 

Iron and magnesium supplementation 
 Maintain the electrophysiological characteristics of brain circuits and 

the neurotransmitter system. 
 Crucial for nerve impulse conduction. 

[13] 

Dietary choline supplementation 
(choline-containing phospholipid 
phosphatidylcholine (CDP-choline) and 
choline alphoscerate) 

 Enhances different neurotransmitter systems by activating the 
production of structural phospholipids in neuronal membranes. 

 Cholinergic precursor and has similar effects on muscarinic receptors. 
[15,62] 

Flavonoid: 
a) Luteolin 
b) Quarcetin 

 May have a positive impact on cholinergic and glutamatergic systems 
 Possesses immediate effects on the GABAergic system 
 Increases concentrations of norepinephrine, dopamine and GABA 

neurotransmitters. 

[63,64,65,69] 

Theanine (abundant in green tea)  Molecular structure of theanine is similar to that of glutamine which is 
a primary precursor needed for the production of glutamate. [70] 

Fish oil 
 Increases fractions of docosahexaenoyl ethanolamide (DHA-EA) thus 

enhances neural transmission, improves hippocampus neurite 
development, and promotes synaptogenesis. 

[71] 

Centella asiatica (Gotu kola) aqueous and 
ethanolic extracts  

 Activate glutamic acid decarboxylase (GAD) enzyme, which controls 
GABA production. [72] 

Probiotics   Synthesize neurotransmitters such as GABA, dopamine, serotonin, and 
acetylcholine. [73] 
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5. Conclusions and Future Perspectives 
Currently, medical treatment is seen as the domain of 

pharmaceuticals, whereas nutrition is thought to be a 
product of a healthy lifestyle. Food technology's 
inventiveness may also help future advancements in 
developing food items that promote optimal health, 
particularly in neurodegenerative diseases. As dementia is 
often related to aging-associated disorders, it has increased 
people's awareness about nutraceuticals in preventative 
care and thus will enhance the potential of its revenue 
growth shortly, globally. 

In conclusion, nutraceutical components derived from 
foods, herbs, or supplements showed promising 
neuroprotective functions and may become alternative 
treatments in the prevention of age-associated cognitive 
impairment and neurodegenerative diseases. As mentioned 
previously, neurotransmitters are the main components and 
crucial in terms of a cognitive function where they 
maintain one’s alertness and wakefulness. The findings 
from the previous studies demonstrated that nutraceutical 
compounds possessed a few mechanisms in regulating 
neurotransmitters, including inhibiting the reuptake 
enzymes of neurotransmitters, up-regulating the receptor 
level, and becoming the precursors of neurotransmitters, 
thus enabling neurotransmission to occur. Overall, this 
review should aid the researcher and common people in 
better understanding the mechanisms and choosing better 
nutraceuticals to combat cognitive decline and dementia. 
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