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A dose-response model called hormesis shows how minor environmental stress can have positive consequences. Studying animal
models, Caloric Restriction (CR) has been proven to improve toxin-resistance and to lessen ischemic brain and cardiac injury, auto-
immune disease and hypersensitivity. CR limits the overall amount of daily food intake and is used as a means for relieving ageing-
induced incapabilities. Mild dietary stress enhances cellular resistance to stress, lengthening lifespan and reduce morbidity. Fasting,
which can be considered as a form of environmental stimulus is known to result in elevated HDL and apoA1 levels which ultimately
provide benefit to the cardiovascular system. Keeping in view the multidimensional benefit of practicing CR diet, the present review
focuses on its positive impact in amelioration of ageing-induced deficits in brain functions highlighting the functional dynamics in
the CNS. In mammals GABA-glutamate homeostasis is central in maintenance of higher brain functions including cognition which is
believed to be perturbed during ageing. The down-regulation of regional GABA-glutamatergic homeostasis induced by ageing pro-
cess is either prevented or at least delayed by CR diet which restores cognitive functions especially memory function. Thus the ageing
population gets out of their dependency either from the family or the state provided health infrastructure. The society ultimately

benefits having an interactive ageing population quite able to drive the young generation with their experiences. Finally, a dearth of

data on the efficacy of CR in clinical set up needs more work in similar area.
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Introduction

Ageing is often described as chronological age, with a 60-65
year old cutoff. The retirement age and this cutoff age are compa-
rable, which contributes to this definition [1,2]. In these situations,
the socially created meanings of age such as the responsibilities
that are allocated to the elderly or the loss of particular functions
that denote a physical decline in old age are more frequently rel-
evant [3]. The population over 60 makes up around 11.5% of the
world’s population of 7 billion people [4]. This percentage is ex-
pected to rise to almost 22% by 2050 when the elderly will sur-
pass the number of youngsters under the age of 15 [4,5]. While
the working and kid age groups steadily decline, the old age group
is the one that is expanding the quickest [6,7]. In recent times, the
proportion of old people in India has been rising, and this tenden-

cy is probably going to continue in the upcoming decades [8].

Methodology

The search was carried out during the months of June to Sep-
tember 2023, using the electronic database PubMed (MeSH),
PubMed Central, Sage Journals, Science Direct, StatPearls (Inter-
net), ResearchGate, Frontiers, Semantic Scholar, research, MDPI
and Academia.edu. We identified 155 studies initially. We decided
not to exclude much earlier studies and simultaneously empha-
sized on recent publications. The idea behind such selection was to
make the picture longitudinally visible. We always had in mind that
the review is being written to synthesize a story from piecemeal
information scattered through years. Searching was done using
single keyword as well as in combination. Major keywords include
Caloric Restriction, Hormesis, Cognition, Lifespan, Environmental
stimulus, memory and learning. Combined searching included two,

three or even four keywords put in a sentence form. Initial exclu-
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sion criteria included reports on humans with pre-existing neu-
rodegenerative diseases (N = 24), intervention of Macronutrients
(N =11), and Physical activity (N = 12). Studies on children (<12
years; N = 13) and individuals with pre-existing non-neuronal dis-

eases (cancer, lupus, chronic obstructive pulmonary disease, pan-
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creatitis etc.; N = 19). Reviews and original research articles except
duplicate articles were selected for analysis and synthesis. Upon
screening of the articles 59 manuscripts were selected for the pur-
pose of the study. Inclusion and exclusion of manuscripts based on

above mentioned criteria have been visually presented in figure 1.

Figure 1: Methodological flowchart.

Cognition in the brain

Cognition is a brain function. Consciousness is closely related to
working memory, mental imagery, willed action, and higher cogni-
tive abilities. All of these processes have one thing in common: they
all involve information being “held in mind” for a while. This data
can be created for the future or obtained from the past, and it may
contain information on stimuli or responses. According to research
on brain imaging, “holding something in mind” is linked to activity
in an extensive system that includes the prefrontal cortex as well
as more posterior regions, the precise position of which depends
on the type of information being retained [9]. The hippocampus is
another structure that is thought to be essential to human cogni-

tion [10-12]. Apart from its well recognized function in memory,

the hippocampal structure is also involved in executive function,
intellect, processing speed, path integration and spatial processing
[13-15]. It has been demonstrated that, in the absence of neurologi-
cal damage or neurodegenerative disorders, each of these cognitive
processes ages cognitively [16]. Memory changes are among the
most prevalent cognitive problems among the elderly-population.
In fact, on a number of learning and memory tests, older persons do
not do as well as younger adults combined. Slow processing speed
[17], a diminished capacity to filter out unnecessary information
[18], and a decreased application of learning and memory enhanc-
ing techniques [19] are all potential causes of age-related memory

alterations.
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Cognition and diet

For millennia, the combination of food and other lifestyle fac-
tors, such physical activity, has significantly influenced mental
ability and the development of the brain [20]. The fact that eat-
ing is an ingrained human habit highlights the ability of dietary
elements to influence mental health on both an individual and a
population-wide basis [20]. Compared to the rest of the body,
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the brain uses a tremendous amount of energy [20]. Therefore,

it is probable that the systems governing the transport of energy
from food to neurons are crucial to the regulation of brain activ-
ity. Therefore food, nutrient, energy and life are synonyms in
the context of maintenance and propagation of life on the planet
“Earth” because they all individually is part of an eternal physi-

cal system that continues irrespective of the existence of life.

| SIIREDER T Thrust area of study | Participants Summary of the studies
No. Year Constants Variables Study outcome
1 |Milanovic Z.,| Age-related decrease |1288 participants| Energy con- Age, physical Ageing lowers physical activity and
etal. in physical activity and| (594 males, 694 sumption activity level | functional fitness equally for males and
functional fitness females) (PAL), metabolic |females with disparities between young
2013 equivalent of total| and old people owing to changes in
physical activity | body-fat percentage, flexibility, agility
and endurance as well as a decrease in
muscular strength.
2 | Baruwa A | Ageing, demography, | Review article |Socio-economic|Quality of life and |Social gerontology emphasizes the need
gerontology and popu- and socio- health aspects of | for multidisciplinary, interdisciplinary
2015 lation studies demographic |ageing population| approaches to population ageing stud-
factors ies encompassing social, economic and
cultural changes related to ageing.
3 | JackCR]Jr, | Alzheimer’s disease | 80 AD patients | Hippocampal | Degree of cogni- | In elder patients with mild cognitive
etal. (AD), in aged patients | with mild cogni- MRI study, tive impairment, impairment, hippocampal atrophy
with mild cognitive | tive impairment | alzheimer’s |level of hippocam-| determined by premorbid MRI-based
1999 impairment disease (AD) pal atrophy volume measurements is predictive of
subsequent conservation to alzheimer’s
disease.
4 | PappKV, Ageing-induced 81 non-demented| Age-factor, Hippocampal | The study found WMH volume and hip-
etal. decline in informa- |elderly individuals| psycho-neural | volume, reaction | pocampal volume together, predicted
tion processing and state, white [time, task process-| 21% - 37% of the variance in executive
2014 memory loss, brain matter hyperin- ing speed functioning and processing speed, inde-
hyperactivity tensity pendently influencing cognitive decline,
regardless of age.
5 |Salthouse TA| Cognitive ageing, Review article |Cognitive ageing|  Age-related Cognitive ageing is gaining importance
cognitive and neuro- cognitive decline, | and the field of study is expanding. To
2010 psychological research, ageing factors, | fully comprehend age differences and
cognitive performance brain function and| cognitive alterations, previous find-
neural plasticity | ings must be considered assumptions
validated and conclusions drawn from
various techniques.
6 | McNabF, Ageing, working Data from 29631 | Mobile gaming | Encoding distrac-| Study found that distractions during
etal. memory, age-related | individuals (mo- | task, working tion, delayed |maintenance negatively impact working
cognitive decline | bile gaming task) | memory load distraction memory performance as people age but
2015 eliminating distraction during encoding
can predict WMC, suggesting distractor
filtering could offset decreased WMC.
7 | Talemal L., |Feeding frequency,in-| Review article Nil Calorie intake, | Ageing is a biological process charac-
etal. termittent fasting and learning and terized by decreased stress resistance,
cognitive functions memory, Senso- increased vulnerability to disease,
2021 rimotor functions| mortality. Intermittent fasting can
increase disease resistance, lifespan and
improve learning-memory process and
neurogenesis leading to preventive and
therapeutic approaches.
8 | Luchsinger | Diet, calorie intake, 980 non-de- Age-factor, Calorie intake, | Higher intake of calories might be as-
JA,etal. | feeding patterns and | mented elderly | psycho-neural |dietary types, con-| sociated with higher risk of alzheimer’s
types, alzheimer’s individuals state sumption quality | disease (AD) in individuals carrying the
2002 disease (AD) and quantity apolipoprotein E (g,) allele.

Table 1: Studies on the ageing process and age-related cognitive decline.
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Cognition and diet

For millennia, the combination of food and other lifestyle fac-
tors, such physical activity, has significantly influenced mental
ability and the development of the brain [20]. The fact that eating
is an ingrained human habit highlights the ability of dietary ele-
ments to influence mental health on both an individual and a pop-
ulation-wide basis [20]. Compared to the rest of the body, the brain
uses a tremendous amount of energy [20]. Therefore, it is probable
that the systems governing the transport of energy from food to
neurons are crucial to the regulation of brain activity. Therefore
food, nutrient, energy and life are synonyms in the context of main-
tenance and propagation of life on the planet “Earth” because they
all individually is part of an eternal physical system that continues

irrespective of the existence of life.

Dietary modification in the form of CR

Epidemiologists recognized the ‘Hara hachi bun me’ practice by
the habitats of Okinawa island of Japan as central to their elevated
average longevity and comorbidity-free living [21]. The practice
consists of modifying the food intake pattern that had long been
passed on to generations of Okinawa residents. People, irrespec-
tive of age consume eighty percent to satiety and that is a life-long
practice. The epidemiological study attracted researchers from
various fields of life sciences to propose a hypothesis linking the
habit of calorie restricted food intake with longevity and physical
and mental health. To perceive cellular energy production as the
solitary function of food implies undermining its role in the body
unless prevention of and protection from diseases are accepted
other important functions as well [22]. Several epidemiologists
reasonably view the ‘Okinawa concept’ in the light of “Thrifty gene
hypothesis’, an approach of making the most out of minimum re-
sources and they believe that the existence of an apparent rule that
ensure survival in the midst of scarcity is a natural phenomenon
[23]. On the other hand, recognition of certain major deficiency
diseases such as scurvy, rickets, beriberi, and xerophthalmia which
could be cured by types of foods [24] justifies the preventive role
of food. The historical background of dietary modification seques-
ters an essence of motivation for the young researchers to predict
relationship of calorie intake with physiological parameters de-
termining physical and mental health. The work which was initi-
ated by McCay in 1935 [25] almost 85 years ago in search of the
effect of calorie restriction, a non-genetic intervention, on life span
in mammals including mice, rats, and most nonhuman primates
is still being researched by the present workers [26] to reach a
conclusion. Series of works by several stalwarts in the field during
a span of eight years (2000 to 2007) provided evidence on defi-
nite role of calorie restriction, in any form, on life and the effects
observed were all positive to life [27]. Based on neuroprotective

data of CR in relation to brain aging (Ingram, 2009) and protection
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against neurodegenerative diseases [28], the objective of the pres-
ent review is to look for impact of CR on aging brain health in the
available laboratory environment using rat model with special ref-
erence to brain glutamatergic activity profile [29]. Caloric Restric-
tion is basically a stimulus which drives the body systems to arouse
and adapt. The stimulus might act as initiator of a chain reactions
terminating to a net and new adaptive mode. ‘Hormesis’ is the term
that explains dose-response phenomenon, in the present context

how the body system handles the CR stress.

Caloric restriction and hormesis

Hormesis is a time-tested phenomenon which is fundamen-
tal and very common in biological sciences for its use as a dose-
response model [30]. The phenomenon of hormesis describes
that mild environmental stress may create beneficial effects with
certain compensatory changes [31]. Low-dose stimulation and
high-dose inhibition are the features of hormesis which leads to
adaptive responses/changes in organisms [32]. The toxic stimuli
discussed in the context of hormesis not necessarily originate from
toxic substances but may also arise from any environmental condi-
tions which appear potentially harmful for the organism, viz. steep
rise or fall in ambient temperature. Any stimulus will be called mild
stress if it ends with beneficial hormetic response [31]. The actual
benefit of mild stress lies in slight increase in lifespan and increase
in the power of resisting certain additional stress as well [33]. Ca-
loric restriction (CR) is a type of mild dietary stress which can be
easily modulated. Such mild stresses, not to the extent of malnutri-
tion, delay a number of ageing-induced physiological changes and
have been concomitantly found to extend mean lifespan of labora-
tory animals [34,35]. Report of McCay in 1935 in rodents in sup-
port of the above statement is viewed to be pioneering. Since then,
a significant number of researchers started justifying the observa-
tions of McCay since then in various species which include fishes
[36], flies [37], worms [38] and yeast [39]. The finding of Colman in
2009 regarding extended lifespan and increased resistance against
diseases in primates following CR attracted the scientist commu-
nity. Subsequently it was reported that CR may increase lifespan
in humans as well [40]. Animal experiments under long-term CR
have demonstrated the beneficial role of CR in preventing or ame-
liorating the severity of neoplasia that develops spontaneously,
chemically, or radiationally in experimental mice [41,42]. Chronic
CR has been reported to successfully contribute in the reduction
of ischemic brain [43] and cardiac injury [44]. CR has further been
reported to inhibit certain mouse strains [45], the development of
autoimmune illness is delayed, and the beginning of allergic der-
matitis whether unconstrained [46] or chemically induced [47]. CR
potentially augments toxin-resistance in probing animals which
is highly pertinent to Parkinson’s and Alzheimer’s diseases [48].
Beneficial effects of CR so far discussed are likely to be mediated at

least in part, if not otherwise, by hormetic mechanisms [49].
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SL. | Source | Thrustarea of . Summary of the studies
Participants
No. | and Year study Constants Variables Study outcome
1 |KoudaKk, | Effects of stress |19 adult patients|Calorie intake| BMI, oxidative DNA| Low-energy diet regime resulted in significant
etal. |and dietin health,| (5 menand 14 damage, inflamma-| reduction in oxidative DNA damage in atopic
physiological women aged 15 tion dermatitis patients, a positive correlation be-
2000 stress and its to 36 years) tween weight loss and improved recovery and
management suggested that a low-energy diet with additional
nutrients may reduce inflammatory symptoms.
2 |Ingram D.| Age-related Review article Nil Lifespan, cognitive The study suggests that lifestyle changes includ-
etal. neurodegenera- decline, neurode- | ing caloric restriction mimetics can improve
tion, CR, dietary generation ageing and prevent neurodegenerative diseases
2009 interventions such as Alzheimer’s disease, potentially increas-
ing health span through decreased stress signal-
ling and protective signalling.
3 | Mattson | Dose-response, Review article |Energy intake| Lifespan, cellular Dietary factors including energy intake, can
MP, et al. | hormetic mecha- stress resistance | significantly impact health and longevity with
nism, adaptive controlled caloric restriction and intermittent
2008 stress response fasting potentially increasing lifespan and pro-
moting adaptive stress response.
4 Anson | Intermittent fast- 6-week old Food intake | Glucose, insulin, | Dietary restriction can improve health by ex-
RM,, et al. | ing, glucose utili-| C57BL/6 mice IGF-1 level, body |tending lifespan, reducing stress and enhancing
zation, neuronal weight insulin sensitivity. Intermittent fasting how-
2003 damage ever does not reduce overall food intake and
retains body weight, enhancing brain neuronal
resilience.
5 |Colman R], CR, cellular sur- | Rhesus monkeys | Food intake, | Age-associated |CR reduced the incidence of age-related deaths
Wein- |vival, SIRT1 gene, CR regime pathology, brain and delayed the onset of age-associated pa-
druch R. ageing atrophy thologies in Rhesus monkeys, demonstrating
2009 the fact that CR slows the ageing process in
primate species.
6 | Gomes- | Nutrition, cogni- | Review article Dietary Cognitive power, | Understanding the chemical composition of
Pinilla F, | tive function, interven-tions| neural plasticity, | food can help determine how to modify nutri-
etal. mental fitness, biomarkers tion to enhance neuronal resistance, improve
synaptic plasticity mental fitness and enhance brain health by
2008 influencing emotions and thought processes.
7 |Anderson CR, nutraceuticals, Review article Nil Lifespan, PGC-1a, | Caloric restriction can prolong life expectancy
RM, etal.| ageing and me- calorie intake, SIRT-land delay age-related traits by consuming fewer
tabolism, lifespan 1, GSK-38 calories. However, many find CR unappealing,
2009 | in mammals and leading to research into nutraceuticals that
primates mimic its benefits without strict CR regime and
potentially improving health and longevity.
8 | Ahmet I, |Cardio-protection,|60 male Sprague-| Food intake, | Echocardiogram, Intermittent fasting, a dietary regimen with
etal. |myocardial infarc-| dawley rats CRregime |histological studies| food available only every other day, increases
tion, intermittent rodent lifespan and reduces age-related ill-
2005 fasting nesses. It also protects the heart from ischemic
injury and attenuates post-MI cardiac remodel-
ling through anti-apoptotic and anti-inflamma-
tory mechanisms.
9 | Johnson | CR, intermittent | 10 adult subjects | Food intake, | Body weight, lipid Compliance with the ADCR diet was high,
JB., et al. | fasting, oxidative | with BMI > 30 CRregime | profile, blood glu- | symptoms and pulmonary function improved
stress, asthma, cose, insulin, CRP, |and oxidative stress and inflammation declined
2007 BDNF, TNFs FEV1, peak flow | inresponse to the dietary intervention. These
rate findings suggest rapid and sustained beneficial
effects of ADCR on the underlying disease pro-
cess in subjects with asthma.

Table 2: Studies on hormesis and caloric restriction and their influence on the ageing process.
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Caloric restriction: size or frequency

Caloric restriction (CR) follows various regimens when applied
to experimental animals. For example, restriction of chronic ener-
gy intake involves rationing of total calorie intake in 24-hour using
defined diets [41,50]; this is referred to as caloric restriction (CR).
Restriction in total daily nutrient intake is characteristic of long-
term total-nutrient restriction [51]. Total nutrient restriction per-
mits experimental animals to eat between 60% and 80% of what
animals given ad libitum (AL) ingest [46]. Animals are typically fed
once daily throughout experimental treatments. CR animals typi-
cally consume the whole quantity given in within an hour, then fast
for the following 23 hours in accordance with procedure [52]. In-
termittent fasting aka alternate-day fasting is another form of CR
in which animals are fed ad libitum following a day of fasting [53].
It has been observed that mice under alternate day fasting con-
sume roughly twice the amount of mice fed AL on days when they
can get food [54]. Further, it is highly contextual that mice under
alternate-day fasting maintain the same body weight to those of
AL-fed mice [54]. The observation reveals that alternate-day fast-
ing does not imply diminution in the amount of food consumption
rather, limitation in the frequency of food intake. CR having short-
er duration has also been found effective against environmental
stress as evident from the works of Raffaghello and Nakamura.
They have observed that two days of water-only fasting have dif-
ferential responses against oxidative stress in mice [55] while, re-

presses chemically caused allergy in mice [56].

Hormetic mechanisms of caloric restriction

Various reports have confirmed that mild dietary stress potentiates
cellular resistance to stress be it environmental or indigenous and
such potentiating of cellular resistance ultimately increase lifespan
in one hand and on the other hand, protect different kinds of mor-
bidity [49]. So far the hormetic mechanisms are concerned CR has
been reported to result in an up regulation in SIRT1 mRNA expres-
sion [57].Itis known that SIRT1 is one of the key regulators in many
cellular defenses against stress [58]. In yeast CR-induced increase
in longevity is associated with the activation of Sir2P which is actu-
ally a homologue of mammalian SIRT1 [40]. In non-obese humans
three weeklong intermittent fasting has been found to result in
the increase in expression of SIRT1 [59]. CR-induced augmenta-
tion in the expression of heat-shock proteins (HSPs) is considered
another beneficial effect of mild stress [50]. HSPs in the cellular
environment basically serve as chaperones and are essential in
defending cells from stress. The classifications of HSPs are made
on the basis of their molecular weight (e.g., HSP10, HSP60, HSP70
and HSP90) [60]. CR in rat model has been found to undo the age-
dependent reduction in the HSP70 transcription factor expression
in hepatocytes [61]; whereas, intermittent fasting results in an in-
crease in the level of HSP70 protein in cortical synaptosomes [62].
Hipkiss et al. pointed out that insistent glycolysis is injurious due
to the formation of methylglyoxal [63]. Methylglyoxal causes mito-
chondrial damage by rapid glycation of proteins and it is formed

from glycolytic intermediates. Daily restricted animals depend on
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glycolysis for initial 12 hours following feeding and subsequently
get energy through mobilization of fat during next 12 hours [52],
when glycolysis remains suppressed [64]. Hipkiss highlighted the

event of suppression of glycolysis as the beneficial effects of CR.

Caloric restriction for future clinical use

That dietary restrictions have potential role in disease protec-
tion in laboratory animals is well evident from a bunch of observa-
tions. CR has been reported to ameliorate the severity of a number
of diseases and even in some cases it shows a preventive role. A
few examples of these conditions are cancer [41], stroke and CHD
[44,65], autoimmune illness [45], hypersensitivity [47], PD and AD
[48]. Yet there is a significant deficiency of information related to
the effectiveness of CR in clinical therapy. Again on the other side,
CR s positively correlated in prevention of obesity while obesity in
humans is known to invite various morbidities such as CHD, cancer,
atherosclerosis, hypertension and diabetes mellitus. Epidemiologi-
cal studies have reported reduced risk for Parkinson’s disease with
daily low calorie intake [66] and so is Alzheimer’s disease [67]. The
outcomes using animal models are congruent with the epidemio-
logical studies on Parkinson’s and Alzheimer’s diseases. In another
study, Story had described a possible relationship between asthma
and obesity [68], while studies in a clinical setup have shown that
low-energy diet consumption significantly reduced inflamma-
tion and oxidative damage in atopic dermatitis patients [69]. In a
number of studies, alternate day fasting have shown satisfactory
results in patients with inflammatory diseases [70,71]. The ben-
eficial effects of CR on allergic diseases are inspiring for the con-
sistent results in animal studies [46]. Effectiveness of fasting [72]
and low-energy diet [73] in the treatment of Rheumatoid arthritis
have been demonstrated. The beneficial effects of dietary modula-
tion on autoimmune disease have been found to be consistent in
animal models [45]. However, based on the present information
and knowledge a number of well-designed randomized controlled
studies may unveil more mysteries of treating diseases through

modulation of diet for ultimate benefit of humankind.

Ageing-induced deregulation of Gaba-glutamate system

The mammalian brain (pre-frontal cortex, hippocampus, hy-
pothalamus and pons-medulla) have higher levels of the gluta-
mate neurotransmitter than other regions of the central nervous
system [74]. In higher brain activity, the excitatory and inhibitory
neurotransmitters glutamate and GABA cooperate to maintain
this equilibrium [75]. The primary players in this process [76] are
succinate, glutamine, GABA transporters, glutamate decarboxyl-
ase and GABA transaminase [77]. The downregulation of regional
GABA-glutamatergic homeostasis induced by ageing process [78]
has been shown to be prevented, postponed, or even significantly
ameliorated by consuming a low-calorie, high-nutrient diversity
diet [79]. This suggests that the CR diet may benefit the popula-
tion’s cognitive protection across all age groups by manipulating

the central neurotransmitters in a desired direction
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Sl. |Source and Thrust area of Experimental Summary of the study
S = LGy S EEHE Variables | Brain regions stud- Study outcome
ied
1| ZhouY, et | GABA-Gluta- |Review article| GABA, gluta- Pre-frontal cortex, Glutamate, the most abundant amino acid in
al. mate system, mate and gluta-| hippocampus, hy- |brain, has excitatory effects on nerve cells leading
brain neu- mine conver- | pothalamus, pons- to excitotoxicity. This is due to glutamate rere-
2014 rotransmitter sion cycle medulla ceptors in brain cells, which are protected by
metabolism glutamate transporters and blood-brain barrier.
Highest concentrations are found in synaptic
vescicles in nerve terminals.
2| Mills D] Ageing-in- |Review article] GABAergic Pre-frontal cortex, | Ageing is linked to hormonal decline, decreased
2021 duced changes dysfunction, | hippocampus, hypo- | GABAergic function and calcium dysregulation.
in GABAergic neurotransmit-| thalamus, pons-me- | It can lead to excitatory cell states and cell death.
activity, hor- ter equilibrium| dulla, cerebellum | Hormonal loss, calcium dysregulation and GAB-
monal imbal- Aergic function decline are linked to progester-
ances one, allopregnenolone, DHEA level, and vitamin
status.
3| TiwariV., | GABA-Gluta- 35male |Cerebral meta-| Pre-frontal cortex, Study reveals distinct metabolite levels across
etal. |mate metabolicC57BL/6 mice| bolic rates and | striatum, hippocam- | mice brain regions which cortical regions having
cycle, neuron- neurotransmit-| pus, hypothalamus, | higher levels of glutamate and NAA, while tha-
2013 glial cell traf- ter distribution cerebellum lamic and striatal regions have higher GABAergic
ficking density. Glucose is considered as preferred energy
substrate and the neurotransmitter cycle de-
creases in the order of frontal cortex, cerebellum,
hippocampus, thalamus, hypothalamus, striatum.
4 | HuangD,, Dynamics 17 young GABA, gluta- | Anterior cingulate Glutamate-glutamine and GABA levels may
etal. of GABA, controls, 17 |mate and gluta-| cortex, hippocampal decrease simultaneously in normal aged and
glutamate and | AD patients, | mine conver- region Glutamate-glutamine level decreased predomi-
2017 glutamine | 15 aged con- sion cycle nantly in Alzheimer’s patients and it is helpful in
levels, activity | trols, 21 MCI early diagnosis of Alzheimer’s disease.
of associated patients
enzymes
5 |Chakraborty| Brain GABA | Wistar male | GABA steady- | Pre-frontal corte, Consuming a CR diet can improve the ageing-
A, etal. interplay, rats state level, hippocampus, hy- |induced deregulation of brain regional GABA sys-
ageing-induced corticosterone | pothalamus, pons- |tem, corticosterone status and cognitive function
2020 cognitive level medulla in rats with the attenuating effects being greater
function, low over longer periods but harmful to young rats.
calorie intake
6 | Sandoval- | GABA-Gluta- | 20 male wis- | Glucose, lipid | Frontal cortex, hip- [Study found that a high-fat diet reduced GABA lev-
Salazar C., mate me- tar rats profile, brain pocampus els in the brain’s frontal cortex and hippocampus,
etal. |tabolism, brain regional GABA potentially impairing feeding behaviour. Findings
regional GABA levels suggest new strategies using GABA agonists and
2016 level, high-fat antagonists to understand obesity-related brain
diet mechanisms.
7 |Jarvie BC., etf Amino acid C57BL/6 GAD,, GAD, | Differentregions of | GAD, coexpression in POMC neurons is inhibited
al. 2017 transmitter, | mice, POMC- | mRNA coex- the entire brain by calorie deficit but not by stress or high-fat
energy balance|Cre transgenic| pression in diet. This contrasts with the increase in GAD, in
mice POMC neurons AgRP neurons after fasting. Study emphasizes the
importance of understanding the role of GABA
release from POMC neurons in energy balance
regulation.
Table 3: Studies on caloric restriction and its effects on brain regional GABA-Glutamate system.
Conclusion tions, and the inability to engage in once-loved hobbies. In addi-

tion, and opportunity to take care of tasks that were postponed
while pursuing jobs and having families. Regretfully, growing older
is not always a happy experience. An ageing person’s mental health
can be severely impacted by late-life events such as the death of

friends and loved ones, chronic and incapacitating physical condi-

It's common to see old age as a period of relaxation, introspec-

tion to bodily changes like hearing loss, deteriorating eyesight, and
other physical changes, an older adult may also feel as though they
have less control over their lives owing to outside influences like
scarce financial resources. Adverse feelings like depression, anxiety,
loneliness, and poor self-esteem are frequently brought on by these

and other problems, which in turn lead to social withdrawal and
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apathy. The time-tested observations and experiences of research-
ers in the domain of ageing-associated deterioration of neural func-
tions witness the role of malnutrition and over-eating on ageing-
related health outcome. There are enormous work-reports in this
area of research, yet they are not free from contradictions. This is
why the area of modulation of diet for a positive health outcome
is still vibrant in colors as a hot area of research and the neces-
sity simply lies in making the area free of controversy. The present
review makes an approach to pinpoint the ageing-induced cogni-
tive decline and the correlated social problems. At the same time
the review intends to find an avenue for protection/amelioration
of such cognitive deficit by manipulating modes of dietary intake,
both in terms of frequency as well as quantity. In brief, the focus
of the present review is to find out a novel and unique lifestyle to
ensure a healthy living at all ages and more so during senescence.
This will not only provide financial safeguards to the governments
to provide public health services at the same time the society shall
get more productive aged citizens who are free from depression
and able to participate in social activities. Participation in social ac-
tivities shall in turn protect from aging-induced cognitive decline
and the bidirectional crosstalk between depression and cognition

will not surface.
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