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Abstract: Background: Age-related cognitive decline has been suggested to result from an in-
crease in the brain neuron loss, which is attributable to continued derangement of the brain’s oxi-
dant/antioxidant balance. Increased oxidative stress and a concomitant decrease in the brain’s anti-
oxidant defense system have been associated with functional senescence and organismal ageing.
However, nature has configured certain foods to be rich sources of nootropic agents, with research
showing that increased consumption of such foods or food ingredients may be protective against
ageing-related memory decline. This knowledge is becoming increasingly valuable in an era when
the boundary that separates food from medicine is becoming blurred. In this review, we examine
extant literature dealing with the impact of ageing on brain structure and function, with an emphasis
on the roles of oxidative stress. Secondly, we review the benefits of food-based antioxidants with
nootropic effects and/or food-based nootropic agents in mitigating memory decline; with a view to
improving our understanding of likely mechanisms. We also highlight some of the limitations to
the use of food-based nootropics and suggest ways in which they can be better employed in the
clinical management of age-related cognitive decline.
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Conclusion: While it is known that the human brain endures diverse insults in the process of
ageing, food-based nootropics are likely to go a long way in mitigating the impacts of these insults.
Further research is needed before we reach a point where food-based nootropics are routinely pre-
scribed.
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1. INTRODUCTION non-invasive techniques such as transcranial magnetic stimu-
lation has proven to be beneficial in the early diagnosis of
dementia, and for improving our understanding of the elec-
trophysiological and neurochemical mechanisms that under-

lie the transition from normal brain ageing to a degenerative

Over the past few decades, available data suggest a
global increase in life- expectancy with the global average
life-expectancy increasing by 5.5 years between the year

2000 and 2016 [1]. However, with an increase in the ageing
population comes an associated increase in the economic,
social, and health burden of age-related disorders and dis-
eases [2]. These include cardiovascular diseases, cancer,
inflammatory diseases and neurodegenerative disorders [3].
Senescence, programmed/non-programmed cell death, oxi-
dative stress, and immune/endocrine system dysfunction are
all factors that have been implicated in the development of
age-related disorders and also linked to a number of ageing
theories [4-8]. Cognitive decline is a worrisome consequence
of normal or pathologic ageing, having a high personal, eco-
nomic and societal burden; also, it could herald the onset of
dementia which is associated with significant morbidity
and mortality [9, 10]. Also, in recent times, the use of
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and vascular-related cognitive decline [11].

However, with a general increase in life expectancy and a
corresponding increase in the prevalence of age-related cog-
nitive impairment, there have been concerted efforts towards
the development and adoption of preventive strategies that
would minimise the risk of developing dementia, or reduce
the rate of cognitive decline with ageing. In the last few dec-
ades, certain compounds have been found useful in the man-
agement of cognitive decline. The term ‘nootropic’ has been
used to define such substances with the capacity to enhance
cognition. Nootropic drugs can enhance cognition through
their effects on the brain dopaminergic (amphetamine, armo-
dafinil, modafinil), glutamatergic/cholinergic (piracetam,
oxiracetam, aniracetam) and serotonergic (5-hydroxy-
tryptophan) systems. Also, in recent times, there have been
suggestions of associations between cognition and diet, with
reports that poor nutrition could hasten the cognitive decline
[12-15]. While the beneficial effects of synthetic nootropic
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agents like piracetam [16, 17] and related compounds [18,
19] in age-related cognitive decline have been demonstrated,
the cost and side-effects of these drugs may limit their sus-
tained use in clinical practice. Also, there are indications that
they may not directly influence the pathologic processes that
drive cognitive decline. Hence, they might only succeed in
alleviating the symptoms.

Currently, the impacts of food-based nootropic agents
are being evaluated, with a view to improving their qual-
ity/delivery (e.g nanoencapsulation and nanosuspensions)
[20], or developing a drug which is a hybrid of synthetic
and naturally-occurring nootropic agents, with possibly
fewer side-effects, lesser cost, and higher efficacy [20, 21].
Also, the development and clinical adoption of a regimen
consisting solely of food-based agents that mitigate or pos-
sibly reverse cognitive decline is worthy of consideration
because it offers more options to patients who may be of
poor socioeconomic backgrounds, or are residents of poorer
nations.

In this review, we examine extant literature dealing with
the topic of food-based agents with experimental or clini-
cally- reported possible nootropic effects. This is with a view
to improving our understanding of the different mechanisms
by which they may improve memory function, and suggest
ways in which they can be better used in the clinical man-
agement of age-related cognitive decline.

1.1. The Ageing Brain

Ageing has been described as a physiological process
involving all body tissues. Over the years, a constant ques-
tion that has continued to be raised by neuroscientists has
been, at what age does the brain begin to age? While our
perspectives of what can be considered normal ageing have
continued to evolve over time, interventions are usually tar-
geted at adults who are 60 years of age and older [22]. How-
ever, data from recent studies have suggested that contrary to
previously-held beliefs that brain ageing does not begin until
after middle age (45 years and above), a gradual deteriora-
tion of cognitive and intellectual ability (first observed as a
cognitive-motor decline in complex tasks) begins at about
the age of 24 years [23].

In the human brain, the effects of ageing have been stud-
ied extensively, with suggestions that ageing alters the
brain‘s cellular, vascular and structural characteristics [24,
25], resulting in a decline in cognitive function, attention,
and memory; and a delay in cognitive information process-
ing. Structurally, brain volume and/or brain weight have
been shown to decrease at a rate of about 5% per decade
beginning from the age of 40 years [26]. Research also sug-
gests an acceleration of the actual rate of brain atrophy with
increasing age, especially from the age of 70 years and above
[27]. Apart from the reduction in brain volume, there is also
a decrease in neuronal volume and neuronal metabolic activ-
ity [24, 25].

Ageing has also been considered an important risk factor
for the development of Alzheimer’s Disease (AD), and
studies examining the differences between brain changes in
physiological and pathological (patients with AD) ageing
have been used to understand the effects of pathological
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ageing on the brain electrophysiology, morphology and neu-
rochemistry. Pathological brain ageing is exemplified by
conditions such as AD and vascular dementia whose electro-
physiological platform is related to morphological changes
such as progressive neuronal loss and ischaemic disruption,
respectively. However, despite disease progression, an ac-
companying cortical/sub-cortical neuroplastic change might
allow the preservation of motor programming and execution
[28]. The disruption and loss of synaptic connectivity result
in progressive cognitive decline due to white-matter abnor-
malities and anatomical/functional deficits [29]. Also associ-
ated with pathological ageing is an increase in the distribu-
tion and magnitude of extracellular deposition of Amyloid
beta (AP) peptides and the intracellular aggregation of tau
protein filaments [30].

Generally, studies have shown that a number of the struc-
tural and functional changes observed in the ageing brain can
be attributed to increased brain oxidative stress. There have
been suggestions that a progressive imbalance occurs be-
tween the intracellular concentration of reactive oxygen spe-
cies and the brain’s antioxidant defense system [30]. In-
creased brain oxidative stress results not only in neuronal
injury but also in the alteration of redox-sensitive signalling
processes [30]. There have been suggestions that increased
oxidative stress and decreased antioxidant defense system
are important factors in functional senescence and organis-
mal ageing [31]. Also, there are reports suggesting a decline
in the normal antioxidant defense system, resulting in an
increase in the vulnerability of the brain to the effects of oxi-
dative stress. A number of preclinical [31-33] and clinical
[34, 35] studies have evaluated the effects of oxidative stress
on brain ageing, age-related memory decline, and Alz-
heimer’s disease associated with memory impairment. Had-
dadi et al. [31], using the Drosophila model reported an
evidence of age-related decline in short-term and long-term
consolidated forms of olfactory memory in old flies. In addi-
tion to morphological evidence demonstrating a decrease in
the number of synaptic/architectural mitochondrial defects
and an increase in apoptotic neurones in Kenyon cells; there
was also a biochemical evidence of a decrease in the activity
of antioxidant enzymes, and an increase in the level of reac-
tive oxygen species and lipid peroxidation in the brain [31].
Fukui et al. [32, 33] reported an evidence of neuronal apop-
tosis in the hippocampus, and an immunohistochemi-
cal//biochemical evidence of oxidative stress including in-
creased lipid peroxidation in the synaptic plasma membranes
in aged rats [32, 33].

In healthy humans, the impact of increased oxidative
stress on the development of age-related memory decline has
also been studied. The results of a longitudinal cohort study
in a healthy population of University staff revealed that in-
creased oxidative stress was associated with a decline in the
executive function [35]. Finally, when immunohistochemical
methods and two-dimensional fingerprinting of oxidatively
modified proteins were used to examine the impact of oxida-
tive stress on the brain in pathological brain ageing (Alz-
heimer’s disease); results revealed increased protein oxida-
tion in the hippocampus, with superior and middle temporal
gyri, but not in the cerebellum [34].



4 Current Aging Science, 2019, Vol. 12, No. 1

1.2. Cognition and Ageing

There are reports suggesting that cognitive impairment is
fast becoming a public health problem worldwide [36, 37],
with projections suggesting that the prevalence will double
every 20 years. This would correspond to about 65.7 million
individuals diagnosed and living with dementia in the year
2030, and over 115.4 million persons worldwide by the year
2050 [38]. The World Health Organisation data for 2017
show that over 50 million people are presently living with
dementia worldwide, with about 10 million new cases yearly
[39]. Apart from the increasing prevalence of persons living
with dementia, there are also large numbers of elderly people
who have other variants of cognitive impairment. Conditions
such as Cognitive Impairment with No Dementia (CIND)
and Mild Cognitive Impairment (MCI) make up the grey
zone between memory loss that occurs with normal ageing
and dementia [40, 41].

It is generally accepted that a decline in some aspects of
cognition occurs as part of physiological ageing [42]. The
most commonly observed cognitive change associated with
ageing is memory impairment (a phenomenon described as
age-related memory impairment). Generally, memory func-
tion (Fig. 1) can be classified into sensory, short-term or
working memory, and long-term memory which could be
explicit (declarative) memory or implicit (procedural mem-
ory). Declarative memory can be further divided into seman-
tic and episodic memory, [43, 44] with semantic and epi-
sodic memory being of significance with regard to ageing.
Semantic memory has been defined as that segment of long-
term memory that processes concepts and ideas not related to
personal experiences but rather includes pieces of informa-
tion that are acquired over a lifetime such as names of differ-
ent colours, names of countries and their capitals. However,
episodic memory is memory that is specific to the individual,
involving the recollection of biographical experiences as
well as specific events that are personal to the subject. Ex-
amples of episodic memory would include recalling the first
day of school or one’s wedding day. Procedural memory is
defined as memory responsible for understanding how to do
things; it is important in skills such as riding a bike. Memory
is generally created and stored in all regions of the brain;
however, some regions have been associated with specific
memory domains. The temporal lobe is associated with sen-
sory memory, while the frontal lobe is associated with both
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short- and long-term memory. Specifically, declarative
memory is believed to depend primarily on medial temporal
lobe structures, such as the hippocampus; however, non-
declarative memory has been associated with brain regions
such as the striatum, cerebellum, and cortical association
areas [45].

There are reports suggesting that different memory sub-
types are affected by ageing. Episodic memory performances
have been shown to decreases linearly with normal ageing
[46-48]. Although conclusions arising from the results of
longitudinal studies also suggest a relatively-stable episodic
memory performance up to the middle age followed by a
sharp decline thereafter [48]. Certain aspects of short-term,
semantic and procedural memories have been suggested to
have a fairly-constant performance level across the adult life
span. There are reports that procedural memory is relatively
stable with ageing [49] with little or no decline observed
with ageing; although some cases of task-specific incidences
of age-related decline in short-term memory have been re-
ported [46]. Studies have reported reductions in executive
functioning [50, 51] and mental speed [52], while semantic
memory subtypes like naming category and verbal abilities
are believed to improve with age [53, 54], although a decline
is observed amongst the very old [55]. In pathological ageing
(e.g. Alzheimer’s dementia), memory impairment initially
affects short term memory; however, with the progression of
disease, loss of declarative memory occurs with both epi-
sodic and semantic memory deficits observed in severe cases
[56].

While there have been several reports suggesting age-
dependent differences in cognitive functioning, considerable
controversies still exist [22]. Although the specific changes
associated with increasing age are still being examined, dis-
putes regarding the reliability of longitudinal changes in
older adults as being a true reflection of a continuum of al-
terations with onset in young adulthood or in the middle age
still exist [44]. A diagnosis of dementia is necessitated by the
presence of memory decline, loss of attention, and inability
to perform activities of daily living [57]. MCI which is a
transitional stage prior to the development of Alzheimer’s
dementia (reported to primarily affect subjects 65 years and
older) is characterised by the presence of mild to moderate
memory loss and is associated with a risk of developing Alz-
heimer’s dementia [57].
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2. FOOD AND BRAIN HEALTH

It is currently believed that the globally increased preva-
lence of dementia is mainly driven by population ageing,
which would naturally increase the number of elderly people
at risk of dementia [58-60]. In recent times, there have been
suggestions that a reduction in the age-specific incidence of
dementia could be driven by the modifications of exposures
to presumed developmental, lifestyle and cardiovascular risk
factors for the development of dementia [61]. Included in
these lifestyle changes is dietary modification. The impor-
tance of diet in neurological development has been well-
documented.

It had also been documented that dietary components
such as gluten can trigger an immune response which may be
associated with neurobehavioural or neuropsychiatric manifes-
tation; also, gluten intolerance has been associated with
changes in some transcranial magnetic stimulation measures
of excitation and inhibition [62]. However, the potential role
of gluten restriction in the management or prevention of sub-
clinical neurological abnormalities, including “brain fog” that
may be associated with dementia requires more investigation.

A number of studies have also demonstrated the benefi-
cial effects of nutritive compounds on brain function. Some
studies have shown that modifying lifestyle factors like diet
may not only prevent cognitive decline that is associated
with dementia but can also reduce the rate of decline in cog-
nition that occurs with physiological ageing [63]. There have
also been suggestions that a number of nutrients (that either
occur naturally in food or are made available as dietary sup-
plements) improve brain health and mental function via their
effects on brain synaptic plasticity, neuronal function, and
cognition [64, 65]. A number of studies have examined the
effects of different dietary patterns on the age-related cogni-
tive decline [14, 15]. The results generally point to the fact
that an increase in the intake of fruits, vegetables, fish, nuts,
and legumes (as observed with the Mediterranean diet, and a
reduction in the intake of meat and high-fat dairy products
(present in Western diets) is seemingly associated with better
cognitive function and/or a reduced risk of developing de-
mentia in later life [12, 66-69].

Some observational and interventional studies have also
demonstrated that the diets which prevent or mitigate age-
related cognitive decline contain high quantities of vitamins
[70-74], omega-3 fatty acids [75, 76] and antioxidants [77].
These constituents might help to improve memory function
by reducing inflammatory processes, amyloid deposition and
oxidative stress within the brain, in addition to reducing the
impact of cardiovascular morbidity. There have been reports
that some of these foods may also contain natural nootropic
factors like gingko biloba that directly improves cognition
via its impact on specific brain regions including parietal,
temporal, frontal, occipital lobes, and the hippocampus [78-
81]. In rats, gingko biloba has been shown to increase brain
acetylcholine levels, as well as the density of muscarinic
cholinergic receptors in the hippocampus [79, 80].

2.1. Food-based Antioxidants and Diets with Nootropic
Effects

In recent times, a number of studies have demonstrated
the importance of antioxidants and vitamin supplements in

Current Aging Science, 2019, Vol. 12, No. 1 5

slowing down the ageing process and stemming the progress
of neurodegenerative disorders including Parkinson’s disease
and Alzheimer’s disease [82]. There have also been sugges-
tions that appropriate selection of whole foods or the inclu-
sion of antioxidants in diet could be beneficial in increasing
lifespan and mitigating age-related memory decline. The
mechanisms involved in age-related memory decline con-
tinue to be studied. However, while the specific factors re-
sponsible for the structural and functional neuronal loss ob-
served in normal ageing and the accelerated loss associated
with pathological ageing are yet to be determined, oxidative
stress has been shown to be important in ageing and age-
related memory decline. While a number of preclinical and
clinical studies have reported the beneficial effects of differ-
ent food-based antioxidants and diets with nootropic effects
[82-85], evidence from large human studies often fail to sup-
port the evidence garnered from preclinical studies. For ex-
ample, there are reports that the antioxidant potential of vi-
tamin E (as demonstrated by preclinical studies) has not been
replicated in clinical trials [86].

2.1.1. Preclinical Studies

A number of preclinical studies have also demonstrated
that the reduction of oxidative stress by the administration
of antioxidants could mitigate age-related memory decline
[82, 83]. Polyphenol-rich extracts of strawberry, blueberry
and blackcurrant have been associated with antioxidant and
anti-inflammatory properties that have been shown to miti-
gate age-related motor and cognitive disorders in rats [82,
87]. Joseph et al. [82] and Shukitt-Hale et al. [87] using
aged Fischer 344 rats in separate studies reported that long-
term supplementation with strawberry extract, spinach ex-
tract and vitamin E (in addition to improving antioxidant
capacity) was associated with a reduction in age-related
decline in memory and neuronal function [82, 87]. The
nootropic effects of two antioxidants, alpha-lipoic acid and
N-acetylcysteine, in rapidly ageing senescence-accelerated
prone 8 (SAMP8) mice, which is a mouse model of spo-
radic Alzheimer’s Disease (AD) and dementia have also
been reported [83]. Farr ef al. [83] reported that in addition
to reversing measured indices of oxidative stress, chronic
administration of alpha-lipoic acid and N-acetylcysteine
improved cognition in 12-month-old SAMP8 mice without
altering motor activity, motivation to avoid shock, or body
weight.

Studies evaluating the possible neuroprotective and cog-
nition-enhancing effects of plant or diet-based flavonoids
have demonstrated their effectiveness in enhancing cognitive
function through the protection of vulnerable neurones, the
enhancement of existing neuronal function and/or the stimu-
lation of neurogenesis [88-91]. Animal studies in which diet
was supplemented with flavonoid-rich foods such as pome-
granate juice [91] or plant-derived flavonoids like quercetin,
rutin [92] and fisetin [88, 90] have provided scientific evi-
dence of the benefits of flavonoids in reversing the impact of
ageing on brain structure and function. Currais et al. [90]
evaluated the effects of fisetin supplementation in a mouse
model of sporadic AD and reported a reduction in cognitive
deficits in old SAMPS mice, with the restoration of several
markers of impaired synaptic function, stress and inflamma-
tion [90]. These beneficial effects have been attributed to



6 Current Aging Science, 2019, Vol. 12, No. 1

fisetin’s direct antioxidant activity, increase in intracellular
levels of glutathione, activation of key signalling pathways
of a neurotrophic factor, as well as anti-inflammatory activ-
ity against glia [88].

2.1.2. Clinical Studies

In humans, a longitudinal population-based study carried
out by Morris et al. [85] using three test batteries (mini-
mental state examination, the East Boston Memory Test, and
the Symbol Digit Modalities Test) reported that carotene,
vitamin E and vitamin C intake from foods was associated
with a decrease in memory decline with advancing age [84].
However, results from randomised controlled studies have
failed to replicate this beneficial effect [85]. There have also
been reports that the Mediterranean diet especially when
supplemented with antioxidant-rich foods improves cogni-
tion and decreases cognitive decline when compared to the
control diet [85]. The results of a clinical trial involving 447
volunteers (without cognitive deficits, and having a mean
age of 66.9 years) who were randomly assigned to three
groups based on the diet type (Mediterranean diet with extra-
virgin olive oil, Mediterranean diet with mixed nuts, or con-
trol diet) showed that in the aged participants, a Mediterra-
nean diet either supplemented with olive oil or nuts was as-
sociated with improved cognitive function [85]. A longitudi-
nal study carried out by Solfrizzi et al. [93] reported that in
an Italian population of elderly subjects on a typical Mediter-
ranean diet, high mono-unsaturated fatty acid intakes could
be protective against age-related memory decline [93]. Com-
pounds with both antioxidant and anti-inflammatory poten-
tial like anthocyanins have also been shown to be of benefit
in mitigating age-related cognitive decline, effects which
have been attributed to their ability to increase neuronal
signalling in brain regions that mediate memory function
[94]. Krikorian et al. [94] reported that daily supplementa-
tion of wild blueberry juice (which is rich in anthocyanins)
in a group of elderly subjects with early memory decline was
associated with improvement in paired associative learning
and word list recall [94].

2.1.3. Nootropic Agents

Nootropics, otherwise commonly-known as ‘smart
drugs,” are compounds that are known or believed to have
the capacity to enhance the cognitive parameters such as
memory, creativity, motivation, or attention. A number of
them do so by modulating the activities of specific brain
pathways involving neurotransmitters and neuromodulators
that have distinct roles in the cognitive processes [95, 96].
Nootropics can be classified into two broad groups including
synthetic compounds and natural or herbal nootropic agents
[21]. Synthetic nootropic agents can be further classified
into: a) agents that act at dopamine receptors (direct agonists
and indirect agonists at Dopamine (D1) receptor), b) agents
that act at adrenergic receptors such as the direct and indirect
agonist of alpha (o,) adrenoceptor. The clinical efficacy of
most of the synthetic nootropics that activate dopamine D1-
and norepinephrine a2 receptors at low doses including am-
phetamines, methylphenidate, caffeine, armodafinil and mo-
dafinil is their ability to increase catecholamine levels in the
prefrontal cortex [97-100], Other synthetic nootropic agents
include; c) agent such as racetams that act at acetylcholine
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(Muscarinic (M1) agonist) and glutamate (AMPA (a-amino-
3-hydroxy-5-methyl-4-isoxazolepropionic acid) receptors
[101-103].

While research has led to the synthesis of several drugs
with nootropic effects, attention is now being shifted to the
discovery, characterisation, and utilisation of nootropics
from natural sources for the prevention and management of
age-related cognitive decline. In the elderly, studies have
demonstrated that some herbal or natural nootropic agents
like gingko biloba improve cognition via their ability to in-
duce vasodilatation in the small arteries and veins of the
brain [95]. Advocates for the use of natural nootropic agents
are also of the opinion that natural nootropic agents (e.g.
bacopa monnieri and panax ginseng) act by enhancing hip-
pocampal protein kinase activity [104], improve brain anti-
oxidant activity and prevent neuronal apoptosis [105, 106]
There have also been reports of the neuroprotective and
adaptogenic properties of some herbal cognitive enhancers
like Rhodiola rosea [107].

2.1.4. Natural Nootropics

The desire for drugs with fewer side-effects and similar
(if not better) efficacy as standard drugs has continued to
drive the search for newer natural or herbal nootropic agents
[108]. In recent times, a number of herbs and plants with
nootropic effects [21, 109] have been discovered, these in-
clude Ginkgo biloba [106, 110-112] Panax quinquefolius
[113], Panax ginseng [114-116], Bacopa monnieri [117],
Nicotiana tabacum, Nicotiana rustica [118, 119], Duboisia
hopwoodii, Asclepias syriaca and Rhodiola rosea [107, 120].
Other plants with demonstrated or probable enhancement,
preservative or restorative effects on memory include gotu
kola (Centella asiatica) [121], lion's mane (Hericium eri-
naceus) [122], kapikacchu (Mucuna pruriens) [123], ashwa-
gandha (Withania somnifera) [124, 125] and montmorency
cherry [126]. In addition to these, natural compounds like
huperzine A [127], galanthamine and vinpocetine [128] have
been used for their nootropic effects. L-theanine [129, 130],
which is an amino-acid that is present in green tea (Camelia
sinensis), L-tyrosine [131] (an amino acid precursor to
catecholamine neurotransmitters such as dopamine and
noradrenaline), L-taurine [132, 133], a semi-essential, sul-
phur-containing amino acid and acetyl-1-carnitine [134], an
endogenous antioxidant which also acts as a cellular energy
carrier at the level of the mitochondrion are also notable
compounds. Table 1 shows the specific mechanisms of ac-
tion of synthetic nootropics as well as herbal and natural
nootropic agents that have similar mechanisms, while Table
2 is a tabular presentation of the different preclinical and
clinical studies that have examined the probable or con-
firmed roles and mechanisms (Fig. 2) of a number of herbal
and food-derived nootropic agents. Some of the herbs and
food-derived nootropic agents that are shown in Table 2 are
worthy of serious consideration, since they are already of
some proven benefit in the clinical management of cognitive
decline, or in its prevention. However, for many of the
plants, only experimental evidence supported the empirical
claims, thereby, pointing to the fact that there we are still a
long way from confirming and establishing their clinical
benefits and impacts of their long-term usage on general
health.
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Table 1.
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Mechanisms of action of synthetic nootropics and herbal/natural nootropic with similar mechanisms.

No.1 17

Specific Mechanism

Synthetic Nootropics Herbal/Natural Nootropic

uptake

Increased dopamine (D;yand adrenergic (o)
receptor activity, inhibition of norepinephrine

Amphetamines, methylphenidate, modafinil,

Tyrosine [131]

Gingko biloba [112] Nicotine [118, 119],
caffeine [97-100] Kapikacchu (Mucuna pruriens) [123]

ton

Increased acetylcholine and/or glutamate
receptor activity, acetylcholinesterase inhibi-

Racetams including piracetam, nefiracetam,

nebracetam [101-103]
[132, 133], Acetyl-l-carnitine [134]

Panax ginseng [114-116], Bacopa monnieri [117],
Huperzine A [127], Theanine [129, 130], Taurine

Roles and efficacy of herbal and other food-derived nootropic agents.

Table 2.
Natural Subject References
a ura‘ bl Putative/Confirmed Roles and Mechanisms r
Nootropic
Ginkgo biloba Human (Clini- Ginkgolides, bilobalide and proanthocyanidins are potent free radical scavengers/antioxidants [111,112]
cal trial), rodent which confer neuroprotection. Enhanced monoaminergic transmission. Increased cerebral blood
flow via nitric oxide. Reduced amyloid neurotoxicity.
Panax quinquefo- Rodent Increased choline uptake in synaptosomal preparations. Other putative mechanisms including [113]

lius hypoglycaemic action and effect of ginsenoside Rb1.

Panax ginseng Human (Clini- Ginsenosides minimise inhibition of cholinergic transmission by amyloid-f protein in Alzheimer [114, 115,

cal trial), disease. 116]
Ginsenoside Rb1 increases cell survival in the hippocampus cornus ammonis 3 and dentate gyrus.
Bacopa Rodent Acetylcholinesterase inhibition, choline acetyltransferase activation, B-amyloid reduction, [117]
monnieri increased cerebral blood flow, monoamine potentiation and antioxidant neuroprotection.
Nicotiana tabacum Human (case Nicotine enhances efficacy of the cholinergic system, facilitating memory consolidation. [118,119]
study), rodent Restoration of normal dendritic connections and the balance between hippocampal excita-
tory/inhibitory signals.

Nicotiana rustica - Nicotine content may facilitate memory during short-term use, as above. -
Rhodiola rosea - Acts as an adaptogen due to the glycoside salidroside. [120]
Gotu kola (Cen- Rodent Asiatic acid, asiaticoside, caffeoylquinic acids an madecassoside have neurotropic effects, includ- [121]

tella asiatica) ing increased dendritic arborisation and synaptogenesis; probably due to modulations of signal
transduction pathways.

Lion's mane (Heri- Rodent In mouse hippocampal slices, it causes an increase in spontaneous/evoked excitatory synaptic [122]
cium erinaceus) current in mossy fibre-Cornus ammonis-3synapse. Hericenones and erinacines increase levels of

Nerve Growth Factor (NGF) in the brain, leading to increased neurite outgrowth and differentia-
tion.
Kapikacchu (Mu- Rodent Contains L-Dopa which is a precursor of brain monoamines and neuromelanins. May contain [123]
cuna pruriens) other compounds with neuroprotective effects.
Ashwagandha Guinea-pig, Contains withanolides A to Y, dehydrowithanolide R, withasomniferin A, withasomidienone, [ 124.125]
(Withania Rodent withasomniferols A to C, withaferin A, and withanone. Also contains sitoindosides and beta-
somnifera) sitosterol. Restores levels of BDNF and regulates synaptic plasticity. Can trigger pathways for
neural cell survival and plasticity.
Montmorency Rodent Reduced age-associated inflammatory (GFAP, NOX-2, COX-2)/autophagy (phosphorylated [126]
cherry mTOR, Beclin 1, and p62/SQSTM) markers; and promotion of protein/cellular homeostasis in the
hippocampus.
Huperzine A (Hu- Maacaques Huperzine-A is a reversible acetylcholinesterase (AChE) inhibitor, and probable modulator of [127]
perzia serrata) glutamatergic transmission. Also regulates brain cell mitochondria energetics and works as an
antioxidant.

(Table 2) Contd...
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Natural Subject Ref
a ura. ubjec Putative/Confirmed Roles and Mechanisms elerences
Nootropic
Vinpocetine Rodent Inhibits phosphodiesterase (PDE) enzyme to enhance second messenger-mediated signalling in [128]
pathways involved in learning and memory. Inhibits kB kinase (IKK)/Nuclear Factor-kappa B
(NF-«B), and extracellular signal-regulated kinase (ERK) 1/2 to reduce inflammation. Enhances
the structural dynamics of dendritic spines.
L-theanine Human Improved cognitive function possibly via a decrease in NMDA-dependent CA1 long-term poten- [129, 130]
(Clinical trial), tiation (LTP) and increase in NMDA-independent CA1-LTP. Antioxidant effect. Enhanced
Rodent hippocampl neurogenesis.
L-tyrosine Rodent Enhanced central catecholamine synthesis in rodents. [131]
Taurine (I-taurine) Rodent Restores AChE and ChAT balance which are critical for the regulation of acetylcholine. Can de- [132, 133]
crease the insoluble fraction of amyloid beta in Alzheimer disease.
Acetyl-l-carnitine Rodent Enhancement of high-affinity choline uptake, acetylcholine (ACh) synthesis, and depolarisation- [134]
evoked ACh release. Increased excitatory postsynaptic potential slope and population spike size in
rat hippocampal slices.
[ Mechanisms of action of herbal and natural]
nootropic agents
. Neuroprotection, A Antioxidant,
Neurotransmitter . . i
modulation Modulation of signal Vasodilators,
transduction p, Adaptogen
] ] Gingko biloba, Nicotine / ] \
ﬁngl«:o biloba, \ gio L ) Gingko biloba,
Nicotine, Mucuna Panax ginseng, Bacopa P .
. S . anax ginseng,
pruriens, Panax monnieri, Theanine, .
. . .. Bacopa monnieri,
ginseng, Bacopa Centella asiatica, .
S . o ) Quercetin,
monnieri, Huperzlne Hericium erinaceus, Rutin
A, Theanine , Withania somnifera, Fis'eti;l
Taurine, Acetyl-1- Montmorency cherry '

carnitine,
\le‘ﬂsine j K

AN J

Fig. (2). Mechanisms of action of herbal and natural nootropic agents.

2.1.4.1. Specific Herbs and Natural Compounds with
Nootropic Activity

a) Ginkgo Biloba

For centuries, ginkgo biloba has been consumed as a
source of food as well as for its medicinal value [111, 112,
135, 136]. In the last few decades or more, there has been
extensive research into its possible nootropic and neuropro-
tective effects in humans and animals [111, 112, 136]. There
are reports that ginkgo biloba is a widely consumed herbal
supplement for the management of age-related memory de-
cline [111]. In Europe and the United States of America,
extracts of ginkgo biloba have been used increasingly to al-
leviate symptoms associated with age-related cognitive de-
cline as well as Alzheimer's type and vascular dementia
[111]. Tt had been reported that Ginkgo Biloba leaf Extract
(GBE) retards production and aggregation of amyloid-[ fi-
brils, reduces mitochondria-induced apoptosis, and down-
regulates the activity of caspase-3 [81]. However, a few stud-
ies have demonstrated that administration of ginkgo biloba
has no demonstrable effects on mitigating Alzheimer’s de-

mentia or dementia due to other causes [78, 80]. Others have
also suggested that its effects on cognitive change may be
subtle, preventing or delaying memory decline in normal
ageing and subjects with mild cognitive impairment [78].
Fehske et al. [112] using mice reported the cognition-
enhancing effects of subchronic administration of
standardised gingko biloba, which was linked to its ability to
inhibit the activity of norepinephrine, serotonin and dopa-
mine uptake transporters as well as the activity of mono-
amine oxidase in vitro [112]. In a randomised double-blind
crossover study, subchronic administration of GBE was as-
sociated with improvement of working memory tasks in a
cohort of healthy middle-aged (50-61-year-old) men [111],
there was also associated increase in the amplitude if the
Steady-State Visually Evoked Potential (SSVEP) amplitude
at occipital and frontal sites, and increase SSVEP latency
during the hold component of the working memory task
[112]. Ginkgo biloba has also been reported to have anti-
apoptotic [137] and antioxidant [138] properties that are
beneficial in ageing. The active compounds found in ginkgo
biloba are terpenoids including ginkgolide and bilobalide



Brain Ageing, Cognition and Diet

which are believed to aid in the downregulation of caspase-3
activity [81], while the memory enhancing effects have been
attributed to the presence of ginkgolides [135]. Ginkgolides
have also been associated with terminating the effects of the
amyloid peptide on long-term potentiation. In summary, pu-
tative mechanisms of ginkgo biloba activity on the brain
include cerebral vasorelaxation [139, 140], modulation of
brain neurotransmitters, and decrease in the production of
oxygen free radicals [111, 112, 141, 142] Ginkgo biloba has
also been suggested to improve memory by inhibiting the
aggregation of amyloid [81].

b) Asian or American Ginseng

Ginseng has been used by Asians for at least 2000 years
as a general body tonic [143]. Worldwide, it is one of the
most widely-sold medicinal herbs [144]. Panax ginseng, also
known as Asian ginseng occupies a very important place in
Chinese traditional medicine [145] and has been used exten-
sively for its cognition-enhancing and antioxidant properties
[146]. In healthy subjects, panax ginseng has been associated
with improvement of memory performance [106]. In patients
with Alzheimer’s dementia, panax ginseng has also been
shown to mitigate memory loss [114, 115, 146]. A 12-week
randomised clinical trial carried out by Heo ef al. [114] and
Lee ef al. [115], examining the effects of Panax ginseng on
cognitive and functional performance (assessed with the mini
mental scale examination, clinical dementia rating and Alz-
heimer disease assessment scale) in a cohort of Alzheimer’s
disease patients reported significant improvement in cogni-
tive functioning with increasing doses of Panax ginseng
[114, 116]. Also, in rodents, it has been reported to improve
memory in aged mice [147]. Biologically-active constituents
of Panax ginseng are mainly ginsenoside saponins which can
be divided into three groups namely panaxatriol, panaxadiol,
and oleanolic acid. Other active constituents include pep-
tides, polysaccharides, fatty acids and polyacetylenic alco-
hols [148]. The modulation of brain neurotransmitters by
Panax ginseng has been attributed to panaxadiol and
panaxatriol group of saponins [149]. Ginsenosides also affect
the uptake of neurotransmitters like norepinephrine, sero-
tonin, y-amino butyric acid and dopamine [150]. Studies
have also attributed the cognition-enhancing effects of panax
ginseng to its high panaxatriol to panaxadiol ratio [151].

Panax quinquefolius also known as American ginseng is
another prominent ginsenoside- containing herb, with a gin-
senoside profile which is distinct from Panax ginseng. Stud-
ies have also shown that compared to Panax ginseng, panax
quinquefolius has a lower ratio of panaxatriol to panaxadiol
[152]. However, another study by Zhu ef al. [153] reported
that the ginsenoside content of panax quinquefolius was sig-
nificantly higher compared to Panax ginseng [153]. While
there is a dearth of scientific information on the cognition-
enhancing properties of American ginseng in age-related
memory impairment or dementia, the results of a randomised
double blind placebo controlled study in young adults evalu-
ating the neurocognitive effects of panax quinquefolius re-
ported improvements in the cognitive performance in this
cohort of young adults [154].
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¢) Nootropic Agents from the Indian Medicinal System

A number of herbs which had been in use in the Indian
medicine system (Ayuverda) have in recent times been ex-
amined scientifically for documentation of their nootropic
activity. These plants (Centella asiatica Linn, Glycirrhiza
glabra Linn, Tinospora cordifolia and Convolvulus
pleuricaulis Chois) which can be used either singly or in
combination are collectively known as the Medhya
Rasayanas [155]. In addition to their nootropic effects, they
have also been used for their ability to nourish the body, im-
prove immunity and enhance longevity. Other herbs include
Celastrus panniculata, Bacopa monniera, Acorus calamus
Benincasa hispida, and Nardostachys jatamamsi [155]. A
number of these plants including Centella asiatica (which
can be consumed as whole plant juices) contain saponins
including medacoside, Asiatic acid, asiaticoside and
triterpenic acid [156]. Studies using a mouse model of mem-
ory-impairment demonstrated that Centella asiatica miti-
gates scopolamine-induced memory loss through the inhibi-
tion of acetylcholinesterase [155]. Another herb Glycirrhiza
glabra Linn whose active ingredients include flavonones,
glycyrrhizine, isoflavones, glycyrrhetenic acid and phenolic
compounds [155, 157] can be consumed as a liquorice and
has been shown to be effective in mitigating memory loss in
mice [158].

Bacopa monnieri is a small creeping plant indigenous to
India which is best administered as a juice made from the
maceration of whole parts of the plant. It has been shown to
have in addition to its cognition-enhancing properties seda-
tive, antioxidant and neuroprotective effects [155, 159, 160].
The nootropic effects have been attributed to a) its ability to
scavenge reactive oxygen species [104] and enhance antioxi-
dant activity [161], b) the enhancement of protein kinase
activity in the hippocampus [162]. Bacopa monnieri is rich
in saponins including bacosides which has been described as
the active nootropic principle, especially in the alcoholic
extract of the plant [163].

d) Other Plants

Other plants such as Moringa oleifera [164], Foeniculum
vulgare Linn [165] and Nardostachys jatamansi [166] have
been reported to have the ability to mitigate age-related
memory decline in rodents by using various mechanisms,
including the modulation of the cholinergic system [165],
mitigation of lipid peroxidation, and improvement of anti-
oxidant status [164, 166]. The plant alkaloid nicotine which
is found in high very high concentrations in the leaves of the
tobacco plant (Nicotiana tabacum) and other related species
of plants including Nicotiana rustica, Duboisia hopwoodii,
and Asclepias syriaca [167] have also been studied for its
memory-enhancing properties specifically in age-related
memory decline and Alzheimer’s dementia. Despite its po-
tential for addiction and other undesirable effects [168], the
use of nicotine has been associated with improvement of
learning and memory indices in healthy cohorts and the miti-
gation of memory impairment in ageing. These benefits have
been attributed to its ability to downregulate the expression
of the nicotinic receptors in subjects with Alzheimer's dis-
ease [169].
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CONCLUSION

While it is a known fact that the human brain endures
diverse insults in the process of ageing, food-based nootrop-
ics are likely to go a long way in mitigating the impacts of
these insults. However, before we can get to the point where
food-based nootropics are ‘routinely prescribed’ for the pre-
vention or management of age-related cognitive decline,
issues that need to be addressed include those of safety,
standardisation of active constituents, and ascertaining which
combinations work best for different conditions. Also, the
details of the interactions that may occur between food-based
nootropics and orthodox medications must be known.
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