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Abstract

Memory loss is a symptom of several neurological disorders, including dementia and Alzheimer’s disease (AD). It can signifi-
cantly impact individuals, their loved ones, and society as a whole. Current pharmaceutical interventions have shown some
improvement in individuals” quality of life, but more needs to be done to reduce the burden of memory loss and AD. This pa-
per investigates herbal remedies for memory loss, with a particular focus on the mechanisms underlying their effects. By con-
sulting several South Asian printed books, numerous traditionally used medicinal plants with memory-enhancing properties
were identified. A review of published studies showed that many of these plants have reported properties related to memory
enhancement and the treatment of AD. Some of the relevant mechanistic actions reported for these plants include acetylcho-
linesterase inhibition, anti-inflammatory activity, antioxidant effects, and neuroprotective properties. There is also evidence
that some plants exhibit a combination of different mechanisms, making them especially promising as therapeutic agents for
memory loss. Our review shows the existence and potential of medicinal plants in addressing memory loss. Additionally,
some reports provide a scientific basis for the use of these plants in conditions characterized by memory decline, such as AD.
This study underscores the importance of further research to evaluate the efficacy of traditionally used medicinal plants in the
management of memory loss.

Introduction cy,!! all of which can lead to neuronal cell death.!”> While certain
pharmacological treatments exist for these disorders,'® they are
often limited by issues of affordability, accessibility, efficacy, and
tolerability.'* Consequently, there is a growing interest in holistic
and herbal alternatives that may offer comparable efficacy to phar-
maceuticals, while potentially reducing costs and adverse effects.!’

Traditional herbal medicine has long been a mainstay of treatment
throughout human history, especially in Asia and the Indian Sub-
continent.'®!” Recently, traditional medicine practices have gained
popularity in other parts of the world, especially among individuals
seeking alternatives to conventional pharmaceuticals.'® This paper

Human life expectancy has been steadily increasing.! With this rise
in lifespan, the prevalence of chronic illnesses has also grown.>?
Chronic diseases such as Alzheimer’s disease (AD), dementia, dia-
betes, cancer, and heart disease are now more common than ever
before.# The prevalence of these conditions is expected to con-
tinue increasing over the next decade.® Neurocognitive disorders
such as AD and dementia are projected to affect 152 million people
worldwide by 2050.7 These disorders are characterized by cogni-
tive decline and memory loss. They impact not only the patients but

also their loved ones and society at large.” Numerous mechanisms sought to identify plants traditionally used in the Indian Subcontinent
can contribute to neurocognitive and memory disorders, including to manage memory impairment and to evaluate whether any of these
chronic inflammation,” oxidative stress,!? and vascular insufficien- plants have been experimentally studied for this purpose. Memory

loss is a symptom seen in several different conditions, including de-
mentia. Common symptoms of dementia include memory loss as
well as problems with judgment, language, and reasoning. Dementia
itself can result from a variety of underlying conditions, including
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Table 1. List of plants traditionally used for their memory-enhancing effects in South Asia
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Botanical name Family Local name (Hindi) English name Part used References
Acacia nilotica Mimosoideae Babul, kikar Gum Arabic tree Gum 27
Acorus calamus Aracaceae Waj, bach Sweetflag Roots 33
Anacardium occidentale  Anacardiaceae  Kaju, kaja Cashew nut Nuts 33
Boswellia glabra Burceraceae Kundar, Salai loban Indian olibanum Gum, resin 33
Celastrus paniculatus Celastraceae Malakanguni Staff tree Seed, leaf, oil 23
Centaurea behen Compositae Safed bahman Behen, centaurea Roots 33
Coriandrum sativum Umbelliferae Dhania Coriander Fruit, leaf 23
Evolvulus alsinoides Convulvulaceae  Shankapushpi Dwarf morning-glory Whole herb 23,24
Hydrocotyle asiatica Umbelliferae Khulakudi Indian pennywort Whole plant, leaf 23
Panax ginseng Araliaceae Jenseng, tapmari Ginseng Roots, tea of leaf 33
Salvia officinalis Labiatea Salbia sefakuss Common sage, garden sage Leaves (dried) 20
Withania somnifera Solanaceae Asgandh, ashvagandha Winter cherry, withania Roots 33
Zingiber officinale Zingiberaceae Adrak, zinjibeel, sonth  Ginger Rhizomes 25,33

The search was performed using several South Asian books.

databases such as PubMed and Google Scholar to determine wheth- ness.” This led to the identification of these plants, which are tradi-

er any of the identified plants have been scientifically shown to
possess memory-enhancing properties. Given the various pathways
and mechanisms contributing to memory loss, additional reported
properties—such as anti-inflammatory, antioxidant, neuroprotective
effects, and impacts on cerebral blood flow—were also recorded.’

Memory-enhancing medicinal plants

A total of 13 traditionally used plants from local South Asian texts
were identified as having memory-enhancing properties (Table
1).20:23-25.27.33 Ag stated, all these texts are local books from South
Asia (India and Pakistan). The terms we searched for in the plant
descriptions within these books were “memory” and “forgetful-
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Fig. 1. Graph showing the different plant families represented by the
memory-enhancing plants.
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tionally known in local customs as those that can help individuals
with memory issues. Table 1 also shows the plant families they
belong to, their local names (usually in Hindi or Urdu), their Eng-
lish names, and the parts of the plants used for this specific mem-
ory-enhancing effect. The books did not provide further details on
the manner of use or any mechanisms behind these plants’ effects.
These books are not research- or science-based but instead present
a collection of information based on folk knowledge and culture.
The only information provided was the indication that the plants
listed in Table 1 have traditionally been used to benefit people with
memory loss. These plants belong to different plant families, al-
though two of them are members of the Umbelliferae family (Fig.
1). Several studies have shown that plants from this family have
beneficial effects on memory.3%3% The most commonly used parts
of these plants for this benefit are the leaves and roots (Fig. 2).
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Fig. 2. Graph showing the different plant parts traditionally used for en-
hancing memory from the discussed medicinal plants.
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After reviewing the published studies, we found that the roots and
leaves of many different plants have been scientifically proven to
be effective against memory loss.3%40

Scientific evidence to back these plants

The second phase of the study involved investigating whether the
plants listed in Table 1 have any scientific evidence supporting
their memory-enhancing effects. This was done through a literature
review of these plants on databases such as PubMed and Google
Scholar. Several plants from Table 1, when searched through these
databases, were found to have been reported with evidence sup-
porting their memory-enhancing effects (Table 2).41-126¢ Of the 13
plants, only Boswellia glabra, Centaurea behen, and Hydrocotyle
asiatica were not found to have any published data on this aspect
of their pharmacology. While searching the databases, we used the
following terms to help find relevant information: memory, demen-
tia, Alzheimer’s disease, and cholinesterase (ChE), one of the main
mechanisms through which chemicals can benefit memory deficits.

Mechanism of action involving acetylcholinesterase inhibition

Table 2 shows all the plants with reported activities on memory en-
hancement. The table also details the primary mechanisms proposed
in those studies for their memory-enhancing effects, the experimen-
tal models used, and the potential chemicals in the plants responsible
for these activities. For all the plants listed in Table 2, the predomi-
nant mechanism proposed for their memory-enhancing effects is the
inhibition of ChE enzymes, namely acetylcholinesterase (AChE)
and butyrylcholinesterase (BuChE). The exact pathogenesis of AD
is not clearly defined, but there is a consensus on the role of acetyl-
choline (ACh) and its excitatory contribution to nerve conduction.'?’
Conversely, the central hydrolyzing enzyme AChE can break down
ACh, leading to a deficit in ACh levels. This is why most clini-
cally used AD drugs (donepezil, rivastigmine, and galantamine) are
ACHhE inhibitors, which can inhibit the AChE enzyme and increase
ACh levels in the brain,'?® helping with the memory symptoms of
AD. The AChE inhibitory activity of these plants has been inves-
tigated using both in vitro and in vivo methods. This points to the
abundance of natural chemicals that could contribute to drug discov-
ery in this area via the pathway of AChE inhibition. As all the plants
in Table 2 have shown ChE inhibitory activities, there is a need for
more advanced studies to investigate these plants and their compo-
nents further to develop them into clinically useful medications for
patients with memory loss due to AD.

Mechanism of action involving N-methyl-D-aspartate
(NMDA) antagonism

In addition to AChE inhibitor drugs, memantine is another drug
clinically used in AD that works through a separate pathway by
blocking NMDA receptors. This receptor plays a key role in the
central nervous system, particularly in cases where abnormal
NMDA receptor function or expression levels are associated
with several neurodegenerative diseases, including AD.!?* Table
2 shows that several plants have activities reported in modulat-
ing NMDA receptor function, specifically plants like Celastrus
paniculata, Withania somnifera, and Zingiber officinale. This sug-
gests that plants could also be a valuable source for new NMDA
receptor ligands, in addition to ChE ligands.'* Memantine was
approved by the U.S. Food and Drug Administration over 20 years
ago. More research should be focused on this area, and additional
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NMDA antagonists need to be approved for use in AD. Plants pre-
sent a viable option for discovery in this area of interest.

Additional mechanisms for memory enhancement

The studies listed in Table 2 also show that anti-inflammatory and
antioxidant mechanisms are common among these plants used for
memory loss in AD.!3! Neuroinflammation is not typically linked
to the onset of AD, but it can exacerbate the disease by elevat-
ing abnormalities caused by amyloid-beta (AB) and tau proteins.
When immune cells release inflammatory cytokines, it further
triggers the immune system and increases inflammation levels.!32
In people with AD, immune cells are often overly active, which
leads to an increased buildup of AP and tau proteins. This exces-
sive activity can also result in the loss of synapses, damage to the
blood-brain barrier, and overall brain degeneration.'3* Similarly,
there is a risk of imbalance between the production and breakdown
of AP. This imbalance causes elevated levels of AP to accumulate
in the brain.!3* AP can create oxidative stress, which in turn can
further increase AP production. Neurons are particularly vulner-
able to oxidative stress because they have low levels of antioxi-
dants, and their membranes are rich in fatty acids that are easily
damaged.'35 This highlights the importance of these mechanisms
and their relevance in drug discovery for AD research. Much has
been published in this regard, as evident from Table 2, and further
efforts are needed to bring this to fruition in terms of developing
newer AD drugs.

From the findings of this review, it is also evident that some
plants exhibit not only one mechanism of action but multiple
mechanisms contributing to their efficacy in addressing memory
loss in AD. For instance, Acorus calamus, Anacardium occiden-
tale, and Salvia officinalis are reported to have AChE inhibitory,
cholinomimetic, and antioxidant properties*’-3%54-57105112; Cejgs-
trus paniculatus has AChE inhibitory, antioxidant, and NMDA an-
tagonist activities®®’?; Coriandrum sativum, Evolvulus alsinoides,
and Withania somnifera exhibit antioxidant, anti-inflammatory, and
AChE inhibitory effects!'3-115; while Zingiber officinale exhibits
cholinomimetic, antioxidant, BuChE inhibitory, and Ca?" antago-
nist activities.!?>1?2 Among the pure compounds, 6-gingerol, a
known constituent of ginger rhizome, is recognized for having mul-
tiple properties, including Ca?" antagonist and BuChE inhibitory
effects. This suggests that 6-gingerol could potentially target AD
from multiple angles, much like the ginger rhizome from which it
is isolated.!?! The potential of plants and their pure compounds to
benefit disease conditions and target different pathways is promis-
ing for discovering and designing new therapeutic entities for AD.

Integrative medicine is a healthcare approach that combines
conventional medicine with complementary and alternative thera-
pies.'30 This collaboration involves the use of traditional therapies,
including medicinal plants. As demonstrated in this study, there is
a wide range of age-old medicinal plants with potential benefits
for memory loss and other cognitive issues. The scientific litera-
ture reveals the diverse mechanisms within these plants that sup-
port brain health. By merging folk knowledge with contemporary
medical science, a more holistic approach can be offered to pa-
tients, thereby improving patient care and outcomes in the field of
cognitive health.

Data from clinical trials in humans

Human clinical trials are pivotal in the drug discovery process, in-
cluding for drugs derived from plant sources. While experiments
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done on animals provide critical starting data on safety, efficacy,
and biological effects, human trials confirm these findings and en-
sure that a drug works safely and effectively in people. Human tri-
als also provide important information regarding dosage, adverse
effects, and how the human body processes the drugs. This is espe-
cially important because plants contain hundreds of active chemi-
cals, and the response observed in lab animals may not always ex-
trapolate directly to humans. Additionally, genetics and individual
response variations among humans make clinical trials necessary
to fully understand the biological effects of the drugs and to help
with the approval of the drug for widespread human consumption.

With this in mind, we examined the data in Table 2 and ob-
served that three of the plants mentioned have been the subject
of human trials: Panax ginseng, Salvia officinalis, and Withania
somnifera. For Panax ginseng, the referenced study tested a gin-
seng extract called ThinkGIN™ to assess its potential for improv-
ing memory in older adults with subjective memory impairment.®3
A 12-week clinical trial was conducted with 80 participants aged
55 to 75. Half of the participants took ThinkGIN™ daily, while
the other half took a placebo. After 12 weeks, the ThinkGIN™
group showed significant improvements in memory and cognitive
function compared to the placebo group. Safety tests showed no
serious side effects.

Multiple human trials have been performed on Salvia offici-
nalis (sage). One crossover, randomized, double-blind trial with
26 volunteers assessed the effects of sage supplementation two
hours before a fatiguing cycling task.!% Results showed that
sage improved cognitive functions, including perceived exertion,
working memory, and reaction time in the athletes. In another
randomized, double-blind trial,!* sage was administered to 94
healthy individuals over a 29-day period. The study consistently
showed significant benefits in working memory and accuracy in
task outcomes. The study suggested that terpenes and phenolics
in the herb were responsible for these benefits. Additionally, a
double-blind, randomized pilot study involving 44 healthy human
volunteers demonstrated that a combination extract containing
sage improved delayed word recall in volunteers under 63 years
of age.!% A terpenoid-containing sage extract tested in 36 healthy
volunteers showed improved performance on secondary memory
and attention tasks, reduced mental fatigue, and increased alertness
following oral administration.!’® Lastly, a randomized, placebo-
controlled, double-blind, balanced, five-period crossover study in-
volving 20 healthy older adults showed enhancement in secondary
memory performance and improved accuracy in attention tasks.!?
The authors identified the ChE inhibitory mechanism of the extract
as responsible for these beneficial effects.

Finally, Withania somnifera (ashwagandha) has also been stud-
ied in human volunteers. In one randomized, double-blind study,!'3
59 healthy young human volunteers received an ashwagandha ex-
tract. Results showed improvements in multiple parameters of cog-
nitive function, mood, and markers of health and safety. In another
double-blind, placebo-controlled, crossover study,''® 13 healthy
volunteers were administered an ashwagandha extract. The extract
benefited executive function, improved attention, and enhanced
short-term/working memory. Finally, a double-blind, randomized,
placebo-controlled clinical trial examined the effect of a root ex-
tract of ashwagandha in 130 healthy adults.'"® Over 90 days of
testing, the extract not only improved memory and focus, psycho-
logical well-being, and sleep quality but also reduced stress levels.
The administration of the extract was safe for the volunteers, and
no adverse effects were noted.

The results from these human trials demonstrate the effective-
ness of these medicinal herbs in improving cognition and memory.
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Limitations

This review presents various South Asian medicinal plants tradi-
tionally used for memory loss. Although several plants have been
identified and shown to have a scientific basis for use in memory
loss, there are still a few limitations to this study:

Only a limited number of books were searched for this review
article. Additional local books and printed literature might have
yielded more plants traditionally used for memory loss.

This review and study could have been further strengthened if
an in-person survey of local herbalists and traditional healers had
been conducted. This would have provided actual, real-time data
about the practical clinical use of medicinal plants by traditional
healers in South Asia for patients with memory loss. This could be
the next step in this direction.

Talking to actual patients about how they use these plants in
real life would have also been more effective. Currently, the books
used to reference the use of these plants only describe the plant
parts used for medicinal benefit. Conversations with healers and
patients would have provided more information on the process of
preparing these plants for use in treating memory loss.

This study is just a review of plants traditionally used in South
Asia. A broader study involving other cultures and nations would
provide a much larger list of plants with this benefit. In the future,
such an effort could be undertaken.

This review did not delve deeply into the medicinal chemis-
try aspect. A detailed exploration of the chemicals in plants with
memory-enhancing benefits could provide more insights into drug
design and discovery.

Conclusions

The initial effort to identify South Asian plants traditionally used
for memory-enhancing effects yielded a list of medicinal plants.
Most of these plants have been reported in the literature to have
activity in improving memory, particularly memory loss asso-
ciated with AD. Several mechanisms have been reported, such
as AChE inhibition, modulation of NMDA receptors, and anti-
oxidant and anti-inflammatory effects. Most of the studies cited
tested these plants on animals. Our study highlights the existence
of plants and chemicals that can target memory loss through mul-
tiple pathways simultaneously, emphasizing the need for more
research in this area. Currently, only AChE inhibitors and NMDA
receptor antagonists are available for clinical use in memory loss
and AD. If extracts or chemicals with the ability to target disease
via multiple pathways simultaneously were introduced, it could
potentially be a medical breakthrough. There is also a need to
gather data from human studies to assess safety, efficacy, and
pharmacokinetics, so that more agents can be made available for
clinical use.
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