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‘ ABSTRACT ’ Almond is a wholesome natural food containing variety of nutrients essential for humans. Natural source of almond is the

Prunus amygdalus L., belonging to family Rosaceae. The almond, also referred to as the "king of nuts," is a very
nourishing food. Healthy fats, proteins, minerals, and vitamins are abundant in almonds. In addition to its nutritional benefits, it also contains some
therapeutic qualities that could be useful in the treatment of several illnesses and health issues. The almond is a valuable food treatment for various
common disorders and a powerful food that improves both physical and mental health. Almonds play major role in the regulation of some
important neurotransmitters in the body and thus playing significant role in diseases related to the neurotransmitters. In this article, different
components of almonds are discussed which are expected or assumed to play a role in regulation of different brain related diseases. Some of them
are well defined and literature for the same is also available but some relations between different components and their uses are only assumed.
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INTRODUCTION

Prunus amygdalus L., belonging to family Rosaceae, is the source of
almonds. Almonds were once assigned to the Prunoideae (sub-family),
but they are usually kept in their own family (Amygdalaceae or
Prunaceae). It has recently been clear that almonds originated from the
Spiraeoideae family [1].There are three different types of almonds; all
of them yield nuts, but only some of them are edible. One almond
variety yield the tasty, sweet nuts we consume, another yields bitter,
toxic nuts, while a third variation yields a combination of bitter and
sweet nuts. Commercial almond cultivation focuses on two main
varieties: sweet almonds (Prunus amygdalus dulcis) and bitter
almonds (Prunus Amygdalus amara) [2]. It is referred to as sweet
almond in English, badamshireen in Persian, lauzulhulu in Arabic,
almendro in Spanish, amendoeira in Portuguese, badanmu in Chinese,
amendoeira in Greek, mandebaum in German, badamamu in Telgu,
bilatibadam in Malayalam, and badam in Hindi and Urdu [3].

The Prunus amygdalus tree produces drupes containing edible kernels
commonly referred to as almonds or badam (Prunus amygdalus L.) [4].
Almonds have been designated the "king of nuts" based on their rich
composition of essential nutrients like proteins, minerals, fats and
vitamins making them a noteworthy component of dietary regimes
focused on health and well-being. Beyond established nutritional
value, almonds possess therapeutic properties with potential
applications in managing various medical conditions and mental
health as well [5]. Prunus amygdalus kernels exhibit diverse
pharmacological activities including anti-stress, antioxidant,
immunostimulant, cholesterol-lowering, and laxative effects [6-7].
They are rich in copper, iron, and vitamin content suggests potential in
treating anemia, while contributing to brain health, muscle building,
and potentially longevity [8-9].

Almonds play major role in the regulation of some important
neurotransmitters in the body and thus playing significant role in
diseases related to the neurotransmitter. Neurotransmitters are
endogenous chemical messengers that convey and amplify nerve-to-
nerve signalling or signals between nerves and other cell types, play a
crucial role in information transmission across the Brain and
peripheral nervous system [10-11]. These substances are important
regulators of neuronal development, differentiation, and survival, and
they play crucial roles in the proper functioning of the brain. Because
of the disruption of brain activities caused by elevated
neurotransmitters levels, many physical, psychiatric, and
neurodegenerative disorders can result [12-13]. In one study, almonds
were discovered to increase the brain's Ach level and subsequently
enhance rats' memory, as a result having a significant part in cognition-
related disorders [14].

Almonds contain an abundant amount of magnesium and fulfil around

18% daily value of magnesium [15]. Magnesium plays a significant
role as anti-depressant and it is expected to be associated with
modulation of glutamatergic pathway. As glutamate is a crucial
neurotransmitter playing role in memory and learning process [16].
Thus indicating role of almond in memory and learning process by
regulating neurotransmitter glutamate indirectly.

Almonds are the rich source of different amino acids and one of them is
tyrosine with 0.45g/100g value [17]. Tyrosine's hydroxylation into L-
DOPA is catalysed by tyrosine hydroxylase enzyme. The pathway
produces the catecholamines dopamine, epinephrine, and
norepinephrine, which play crucial roles as neurotransmitters and
hormones in both the central and peripheral nervous systems[18-19].
There is no evidence of direct effect of almonds on increase and
decrease of neurotransmitters such as dopamine.

Geographical Description

The almond tree is indigenous to the warmer regions of western Asia
and North Africa, but it has spread widely throughout the mild
temperate portion of the world. It is grown in California as well as all
the nations that border the Mediterranean Sea, including Spain, Italy,
Portugal, and Morocco. The world's largest producer of almonds is the
United States, particularly California. Its cultivation in India is
primarily restricted to the Tibetan border regions of Kashmir and
portions of Himachal Pradesh [20-21].

Chemical Constituents

Almonds are an excellent source of nutrients linked to heart health,
including potassium, vitamin E, monounsaturated fatty acids, and
polyunsaturated fatty acids [22].0ne of the best food sources of
vitamin E is almonds, specifically RRR-tocopherol. Flavonols
(isorhamnetin, kaempferol, quercetin, catechin, and epicatechin),
flavanones (naringenin), anthocyanins (cyanidin and delphinidin),
procyanidins, and phenolic acids (caffeic acid, ferulic acid, P-
coumaric acid, and vanillic acid) are among the other phenolic
compounds found in almonds that are localized in their skin [23].
Almonds contain globulins such as albumin and amandine along with
amino acids including arginine, histidine, lysine, phenylalanine,
leucine, valine, tryptophan, methionine, and cystine that are active
components. Proteins and several minerals, including calcium and
magnesium, are also found in almonds. Additionally, they are
abundant in monounsaturated fat, dietary fiber, vitamin B, and
essential minerals. Additionally, almonds contain phytosterols, which
may have cholesterol-lowering effects as shown in Table I [24].

Table I: Composition of Natural Almond

NUTRIENTS UNITS |AMOUNT PER 100g
PROXIMATES
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Water G 4.70
Protein G 21.22
Lipids (total) G 49.42
Dietary fibre (total) G 12.20
Sugars (total) G 3.89
Ash G 2.99
MINERALS

Calcium (Ca) Mg 264
Iron (Fe) Mg 3.72
Magnesium (Mg) Mg 268
Phosphorus (P) Mg 484
Potassium (K) Mg 705
Sodium (Na) Mg 1
Zinc (Zn) Mg 3.08
Copper (Cu) Mg 1.00
Manganese (Mn) Mg 2.29
VITAMINS

Vitamin E (a-tocopherol) | Mg 26.22
Thiamin Mg 0.21
Riboflavin Mg 1.01
Niacin Mg 3.39
Pantothenic acid Mg 0.47
Vitamin B6 Mg 0.14
Folate, food Mcg 50
FATTY ACIDS

Saturated (total) G 3.73
16:0 Palmitic G 3.04
18:0 Stearic G 0.66
Monounsaturated (total) |G 30.89
16:1 Palmitic G 0.24
18:1 Oleic G 30.61
Polyunsaturated (total) |G 12.07
18:2 Linoleic G 12.06

ROLE

Role RolRole Role of Almond in Brain

Almonds are incredibly nutrient-dense, packed with good fats,
antioxidants, vitamins, and minerals that your body and brain both
require to function well. High levels of antioxidants present in the
almonds help shield your cells from oxidative stress and free radicals,
which can speed up aging, increase the risk of cancer, and cause
neurological illnesses like Alzheimer's disease (AD) and other types of
dementia. One of the best sources of vitamin E in the world is almonds.
Higher vitamin E levels have been linked by scientific research to a
slower rate of cognitive aging, and a lower risk of cancer and AD.
Almonds vitamin E contributes to the brain's defense against oxidative
stress. When there is too much oxygen in circulation, oxidative stress
happens. AD and other types of dementia are brought on by the damage
this extra oxygen causes to the brain tissue.

Lean protein is moderately abundant in almonds and it aids in brain cell
repair, enhancing mental abilities like memory. Almonds help prevent
brain and memory issues by enhancing acetylcholine, a
neurotransmitter that conveys impulses in the brain, according to many
research that examined the advantages of routinely consuming
almonds [25].

Acetylcholine is the important neurotransmitter playing role in many
brain disorders specifically in AD.

Role of Acetylcholine in AD

The most prevalent form is a neurological condition that progresses
over time and is frequently recognised [26]. It has a very high mortality
rate and is strongly correlated with both genetic and ageing variables.
The prevalent disease dementia, which begins with an irreversible
deterioration in episodic memory and progresses to a more general
decline in overall cognitive capacity in the aged, is largely caused by
AD [27-28]. Disorientation and a slow decline in memory and
intelligence are characteristics of AD. About 12% of elders are
impacted. According to WHO estimates, the condition is present in
more than 48.6 million persons worldwide[29-31].

The development of many senile plaques (SP) in the cerebral cortex

and hippocampus, the loss of functional neurons and synapses in
specific brain regions, and acetylcholine shortage are the key
pathogenic characteristics of AD. Progressive memory loss and
cognitive decline are the predominant clinical indications, which are
accompanied by behavioural changes and signs of other neurological
conditions. There are now a number of hypotheses for AD, including
the cholinergic hypothesis, the au protein hypothesis, the aff deposition
hypothesis, and the neuroinflammation hypothesis, however, the
precise etiology of AD is still unknown[32-33].

The cholinergic hypothesis, which has a considerable impact on AD
pathogenesis, is one of the early theories regarding AD pathogenesis. A
crucial excitatory neurotransmitter involved in memory, learning, and
other cognitive actions is acetylcholine (ACh). The central cholinergic
nerve system can influence the amount of acetylcholine by controlling
the synthesis and release of ACh [34]. The function of the basic
forebrain cholinergic neurons (BFCNs) is important for memory
formation, learning, and cognitive processes. They dominate the
cortical and hippocampus regions involved in memory and learning,
and their survival and differentiation are dependent on nerve growth
factor (NGF). The brain's hippocampus has a lot of nicotinic
acetylcholine receptors (NACHR)[35-37].

Degeneration of deep and early BFCN is a constant symptom of AD
patients. Memory loss is thought to be primarily caused by synapse
loss between the basal forebrain and its target tissues, the hippocampus
and cortex, which is correlated with the severity of dementia. Clinical
evidence from recent years indicates that AD patients' brains have
significant neurodegeneration, a loss in cholinergic neurons, and a
severe ACh shortage [38-39]. As the treatment used in Alzheimer's
disease is usually based on acetylcholine therapy thus the almonds play
asignificantrole.

Role of Acetylcholine in Myasthenia Gravis

The most prevalent main disease of neuromuscular transmission is
Myasthenia Gravis. More than 80-90% of patients with generalised
myasthenia gravis, about 50% of patients with pure ocular myasthenia,
and infrequently in healthy individuals have ACh receptor antibodies
found in their serum [40]. It is the rare autoimmune disease in which
immune system-produced antibodies target the neuromuscular
junction, which connects muscles and neurons. Muscles weaken and
fatigue quickly as a result of blocked nerve impulses. The severity of
symptoms varies [41-42]. The main aim of treatment of myasthenia
gravis is to increase the level of acetylcholine because acetylcholine
binds to its receptors to activate the muscles and causes the muscle
contraction. Hence the almonds with their acetylcholine increasing
capacity can aid in Myasthenia Gravis disease treatment [43-44].

Memory Enhancing Effect of Almonds That Can Aid In Brain
Health

The effectiveness of Prunus Amygdalus L. nuts in improving memory
in rats with scopolamine-induced amnesia was investigated in a study.
Three different dose levels of Prunus Amygdalus L. nuts were orally
administered to rats for seven to fourteen days utilizing the elevated
plus maze, motor activity, and passive avoidance models. Piracetam
was employed as a reference medication at a dose level of 0.2g/kg.
After therapy, it was found that rats' brain ChE activity was decreased
[45]. Another study used the Radial Arm Maze and Elevated plus maze
assays to measure the effect of almond paste on memory. Rats given
almond paste orally for 28 days showed a considerable improvement in
their learning and memory abilities [46].

Antidepressant Activity of Almond

A prolonged sense of sadness and a lack of interest in routine activities
are two characteristics of the mental illness known as depression. The
World Health Organisation estimates that depression affects about
21% of people worldwide. Forced swim and passive avoidance tests
were used in a study to examine the antidepressant efficacy of almond
and lavender oils. Model animals were male Wister mice with body
weights one heavy and another lightweight. An oral dose of almond oil
(3.2g/kg) was given. Model animals were exposed to lavender oil
inhalation for 30 to 60 minutes. After receiving combination therapy,
significant anti-depressant benefits were seen in rats [47].

Role of Magnesium in Brain

Almond is rich source of magnesium. Magnesium is necessary for the
synthesis of DNA, RNA, and proteins as well as for the regulation of
blood pressure, insulin metabolism, and muscle contraction,
particularly that of the cardiovascular system. Magnesium helps the
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nervous system function properly in terms of nerve conduction,
neuromuscular coordination, and protection against excitotoxicity
[48-49].

The quantity and quality of information on the relationship between
magnesium and the many neurological illnesses studied vary
substantially. Strong evidence supports magnesium's significance in
migraine and depression. Magnesium has a strong chance of helping
with diseases including chronic pain as well as frequently coexisting
psychological problems like anxiety and depression. The effects of
magnesium in epilepsy require a much more extensive investigation,
including clinical trials examining the utilization of magnesium as an
additional therapy.

Additional studies that take CSF and MRS measurements of CNS
magnesium levels to better understand neurological illnesses like
Parkinson's and Alzheimer's would be very helpful. Finally, some
research points to magnesium as a valuable nutritional strategy for
potentially preventing stroke and for improving after-stroke outcomes,
while more prospective trials are required in this area [50].

Role of Riboflavin in Brain

Almonds contain a moderate amount of riboflavin (Vitamin B2).
Riboflavin exerts neuroprotective mechanisms. Significant
pathogenesis-related pathways include but are not limited to, those that
are shared by migraine headaches and Parkinson's disease (PD). The
neuroprotective mechanisms proposed for riboflavin can address such
pathogenesis-related pathways. It has been discovered that riboflavin
reduces the pathogenesis of PD, migraine headaches, and other
neurological illnesses by reducing oxidative stress, mitochondrial
dysfunction, neuroinflammation, and glutamate excitotoxicity.
Additionally, pyridoxine activation, the tryptophan-kynurenine
pathway, and homocysteine metabolism all depend on riboflavin-
dependent enzymes. In fact, it has been discovered that the active form
of pyridoxine, pyridoxal phosphate, has independent neuroprotective
potential. Additionally, the kynurenines generated have an impact on
glutamate receptors and the ensuing excitotoxicity. In conclusion,
riboflavin has the potential to be a neuroprotective agent for a variety
of neurological conditions, such as PD, a neurodegenerative disorder,
and migraine headache, a pain disorder. In a recent study, it was
discovered that long-term riboflavin insufficiency could contribute to
the development of multiple neurological disorders, especially in
vulnerable populations, given that only 10-15% of the world's
population has adequate riboflavin absorption and utilisation [51].
Thus to maintain adequate concentration of riboflavin in body or
specifically absorption of riboflavin in body almonds can be of great
help.

There is no significant evidence of almonds use in brain disorders
directly but with the indirect way of modulating neurotransmitter,
increasing magnesium amount and for providing enough number of
antioxidants and vitamins (like riboflavin) it can be expected that
almonds are beneficial in brain disorders and is an important portion of
human diet.

CONCLUSION

Almond is the promising natural food with various uses and also
significant role in disease regulation. It plays a significant role in brain
health. There are number of studies which have revealed about the
clinical significance of daily use of almond or the use of almond as a
part of daily diet. Still the mechanism of action of almond in regulation
of this variety of disease is unclear and also which component is
responsible for the same is also not clear in many cases. In future,
further studies should be conducted to clarify the mechanism of action
and role of different components of almonds in disease regulation by
using number of observational, case control studies.
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