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Abstract
Medicinal plants are the backbone of modern medicine. In recent times, there is a great urge to discover nootropic medicinal
plants to reverse cognitive dysfunction owing to their less adverse effects. Alzheimer’s disease (AD) is an age-related neurode-
generative disorder characterized by the inevitable loss of cognitive function, memory and language impairment, and behavioral
disturbances, which turn into gradually more severe. Alzheimer’s has no current cure, but symptomatic treatments are available
and research continues. The number of patients suffering from AD continues to rise and today, there is a worldwide effort under
study to find better ways to alleviate Alzheimer’s pathogenesis. In this review, the nootropic and anti-Alzheimer’s potentials of 6
medicinal plants (i.e., Centella asiatica, Clitoria ternatea, Crocus sativus, Terminalia chebula, Withania somnifera, and
Asparagus racemosus) were explored through literature review. This appraisal focused on available information about neuro-
protective and anti-Alzheimer’s use of these plants and their respective bioactive compounds/metabolites and associated effects
in animal models and consequences of its use in human as well as proposed molecular mechanisms. This review progresses our
existing knowledge to reveal the promising linkage of traditional medicine to halt AD pathogenesis. This analysis also avowed a
new insight to search the promising anti-Alzheimer’s drugs.
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Introduction

Alzheimer’s disease (AD) is a progressive, irreversible neuro-
degenerative disorder that principally influences the older peo-
ple and is believed to be accountable for most of the dementia
cases in people aged 65 or older [1, 2]. The neuropathological
hallmarks of AD include deposits of extracellular amyloid β
(Aβ) in the form of senile plaques (SPs) and formation of
intracellular abnormal tau protein as neurofibrillary tangles
(NFTs) [3, 4]. In the USA, AD is presently graded as the sixth
dominant reason of death; however, current statistics specify
that the disorder may position third, immediately after heart
disease and cancer, as a leading reason of dying for older
humans [5]. Considering the recent evidence, in the USA, near-
ly 5.5 million people are living with AD dementia, among them
5.3 million people aged 65 and older and about 200,000 people
are below age 65 and feature younger-onset Alzheimer’s [6].

The morphological changes of brain-related with typical
aging differ from those that happen with AD [7]. Amid the
most remarkable is the aggregation of Aβ and tau
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hyperphosphorylation in Alzheimer’s brain [8, 9]. Studies
suggest that each of these is responsible for the disease pro-
cess; however, the actual series of events is still obscure [10,
11]. As the disease advances, nerve cells in the brain become
damaged to a greater extent [12] and this damage ends in the
signs and symptoms of AD. One of the most familiar early
symptoms is trouble in remembering the latest events (i.e.,
short-term memory loss) [13]. Subsequently, as the disease
progresses symptoms can incorporate difficulty with lan-
guage, disorientation, alterations in mood and personality,
poor judgment and decision making, loss of motivation, and
behavioral issues [14, 15]. As the condition aggravates, people
with AD regularly draw away from the circle of relatives and
society [16] and progressively, bodily capabilities are
misplaced that lead to death [17].

Until now, researchers do not absolutely recognize what
causes AD in the majority of the population [18].
Approximately 70% of the risk is thought to be genetic with
a lot of genes typically concerned [19, 20]. Diverse risk factors
comprise a history of head injuries, high blood pressure, de-
pression or environmental, and way of lifestyle [16]. The dis-
ease progression is linked with plaques and tangles inside the
brain [21, 22]. AD may vary from individual to individual on
account of the significance of any one of these factors in
growing or declining the risk of developing [23].

In AD, increased oxidative stress (OS) is proven to be a
distinguished and early characteristic of susceptible neurons
[24]. Increased reactive oxygen species (ROS) levels are con-
nected with augmented accumulation of Aβ and development
of SPs [25]. Furthermore, it is obvious that OS takes places
before the formation of NFTs and SPs, where each of which
can be neuropathological markers of AD. Nevertheless, the
actual mechanisms accountable for this exaggerated effect re-
main ambiguous [26]. Generally, abnormal function of the
central cholinergic system leads to cognitive impairment in
AD patients. The change of this acetylcholinesterase (AChE)
activity is the key hallmark of AD [27]. No treatments can
stop, cure, slow or reverse its progression, although a few
may transiently alleviate symptoms [28].

Nature has been a great origin of therapeutic agents from
the beginning of human civilization and has continued to offer
humankind with novel therapies. In the AD treatment, the use
of natural products is a useful way to raise acetylcholine
(ACh) levels essential for memory function [29]. Research
on flora with AChE inhibitors activity is presently ongoing,
with the intention of inventing novel potent compounds which
are more affordable and show less adverse effects than syn-
thetic drugs. Furthermore, chemical components with antiox-
idant activity can be observed in plants at high concentrations
and can be used in the prevention of diverse degenerative
diseases [30]. Phytochemical research has proven the exis-
tence of numerous valuable compounds, including alkaloids,
triterpenes, polyphenols, tannins, sterols, flavonoids, and

lignans that demonstrate diverse pharmacological activities,
such as anti-cholinesterase, anti-Alzheimer, anti-amyloidogenic,
hypolipidemic, antioxidant, and anti-inflammatory effects [31].
Therefore, the purpose of the present review is to provide an
ample precise analysis of various studies on medicinal plants
(Centella asiatica,Clitoria ternatea,Crocus sativus, Terminalia
chebula, Withania somnifera, and Asparagus racemosus) that
revealed auspicious nootropic effects and promising against AD
pathogenesis.

Materials and Methods

Search Strategy

The available information about traditional nootropic and anti-
Alzheimer’s actions of the medicinal plants was collected
from various electronic sources like PubMed, EBSCO, and
other databases. Furthermore, available books were also used.

Plants Selection

Numerous medicinal plants are effective for nootropic and anti-
Alzheimer’s activities. Amid copious plants, 6 promising anti-
Alzheimer’s medicinal plants were considered (Table 1). In this
appraisal, well-documented anti-Alzheimer’s medicinal plants
like Ginkgo biloba and Bacopa monnieri were exempted.

Results and Discussion

Phytopharmakons are attaining the growing importance both as
the traditional system of medicine and as modern medicine due
to their therapeutic effects. Novel antioxidants can be consid-
ered as a safe and effective way of strengthening the body’s
defense system against free radicals; ultimately, these can also
facilitate protection against degenerative nerve diseases like AD
[39]. Here, we represent the potential effects of various medic-
inal plants as therapeutic in Alzheimer’s pathogenesis.

Centella asiatica

Cognition-Enhancing, Antioxidant, and Anti-Alzheimer’s
Effects

Centella asiatica (C. asiatica) is quite well-known to have the
capacity to increase attention span and concentration, re-
vitalize nervous system and the brain and also to combat aging
[40]. A study found that C. asiatica exhibited antioxidant and
cognitive-enhancing properties in normal rats. In rats, for
21 days, the effect of an aqueous extract of C. asiatica (i.e.,
100, 200, and 300 mg/kg) was estimated in OS induced by
streptozotocin (STZ) and cognitive impairment [41]. In an
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elevated plus maze (EPM) test and passive avoidance test
(PAT), it was found that the rats, which were treated with
C. asiatica, exhibited an upsurge in cognitive behavior in a
dose-dependent manner. In case of rats which were treated with
C. asiatica at doses of 200mg/kg and 300mg/kg found to have
a noteworthy reduction in malondialdehyde (MDA) and an
upsurge in catalase (CAT) and glutathione (GSH) levels.
Impairment in endogenous antioxidant mechanism or OS is
regarded as a crucial factor in AD. In addition, in humans,
cognitive deficits are often found in the older people and the
STZ in rats has been associated to sporadic form of AD. In the
above study, generation of free radical in the model was found
to be connected with cognitive impairments. Furthermore, the
findings of the aforesaid study proposed the notable efficacy of
C. asiatica in the prevention of OS and cognitive deficits [41].

In a study by Xu et al., [42] stated that the cyclic adenosine
monophosphate (cAMP) response element binding protein
phosphorylation was increased in both neuroblastoma cell line
that expresses Aβ (i.e., 1–42) and in rat embryonic cortical
primary cell culture. Moreover, the enhanced cAMP phos-
phorylation in response element binding and the involvement
of 2 major single components were tested. On the other hand,
when inhibitors were used in this study, it was found that
extracellular signal-regulated kinase/ribosomal S6 kinase sig-
naling pathway might facilitate this effect of C. asiatica ex-
tract [42]. Conversely, in a different study by Jayashree et al.,
[43] reported a significant increase in case of superoxide

dismutase (SOD), glutathione peroxidase (GPx) and CAT in
lymphoma-bearing mice, when 50 mg/kg/day of a crude
methanolic extract ofC. asiaticawas given orally for 2 weeks.
In contrast, it was also noticed that antioxidants like ascorbic
acid and GSH were reduced in the animals [43].

In a study, asiatic acid’s derivatives of C. asiatica were
found to show substantial neuroprotective effects on cultured
cortical cells through their modulation of the mechanism in-
volved in cellular oxidative defense. Henceforth, these agents
are efficacious enough to protect neurons from the oxidative
damage triggered upon excess glutamate exposure [44]. In
another study by Mook-Jung et al., [45] when tested on hip-
pocampal slices and B103 cell cultures, it was confirmed that
the asiaticoside derivatives mediated protective effects against
Aβ neurotoxicity. Out of 28 of the asiaticoside derivatives,
strong inhibition in the cell death induced by free radical and
Aβ was exerted by three components including asiatic acid.
These agents or derivatives perhaps are good candidates as a
treatment of AD that particularly defends neurons from Aβ
toxicity [45].

Neuroprotective and Anti-Alzheimer’s Effects

Kumar et al. [46] reported the neuroprotective potential of
C. asiatica against memory impairment mediated via colchi-
cine and OS in rats. When the extract of C. asiatica was used
for chronic oral treatment (i.e., 150 and 300 mg/kg) for
25 days, beginning 4 days prior to administration of colchi-
cine, this considerably (P < 0.05) attenuated memory impair-
ment induced by colchicine and oxidative damage. Moreover,
a marked reversal of colchicines administered rise in AChE
activity was also achieved by C. asiatica [46]. Another study
in mice examined the neuroprotective potential of C. asiatica
aqueous extract in cognitive impairment triggered by scopol-
amine in mice. Improvement in cognitive impairment mediat-
ed by C. asiatica was also compared against a standard drug
(i.e., donepezil 50 μg/kg). Conversely, studies conducted in
EPM models revealed that C. asiatica considerably
(P < 0.001) reduces the retention transfer latency when used
at a dose of 300 mg per kg [47].

Soumyanath et al. [48] observed in a study that effects of a
water extract of C. asiatica (i.e., prepared by refluxing
C. asiatica [120 g] with water [1.5 L] for 2 h, filtering to
eliminate plant debris and freeze-drying to produce a residue
[11.5 g]) in the Tg2576 mouse, which was a murine model of
AD with greater Aβ burden. It was found that water extract of
C. asiatica attenuated behavioral abnormalities associated
with Aβ in these mice when administered orally.Water extract
also protected MC65 human neuroblastoma cells and SH-
SY5Y cells from toxicity triggered by endogenously produced
and exogenously introduced Aβ, respectively. In MC65 cells,
water extract ofC. asiatica reduced the intracellular formation
of Aβ aggregates. This water extract did not protect neurons

Table 1 The profile of the nootropic and anti-Alzheimer’s medicinal
plants selected in this appraisal [32]

Taxonomy

Centella asiatica [33] Clitoria ternatea [34]

Kingdom: Plantae
Phylum: Tracheophyta
Class: Magnoliopsida
Order: Apiales
Family: Umbelliferae
Genus: Centella
Species: Centella asiatica

Kingdom: Plantae
Phylum: Tracheophyta
Class: Magnoliopsida
Order: Fabales
Family: Fabaceae
Genus:Clitoria
Species: Clitoria ternatea

Crocus sativus [35] Terminalia chebula [36]

Kingdom: Plantae
Phylum: Tracheophyta
Class: Magnoliopsida
Order: Asparagales
Family: Iridaceae
Genus: Crocus
Species: Crocus sativus

Kingdom: Plantae
Phylum: Tracheophyta
Class: Magnoliopsida
Order: Myrtales
Family: Combretaceae
Genus: Terminalia
Species: Terminalia chebula

Withania somnifera [37] Asparagus racemosus [38]

Kingdom: Plantae
Phylum: Tracheophyta
Class: Magnoliopsida
Order: Solanales
Family: Solanaceae
Genus: Withania
Species: Withania somnifera

Kingdom: Plantae
Phylum: Tracheophyta
Class: Liliopsida
Order: Asparagales
Family: Asparagaceae
Genus: Asparagus
Species: Asparagus racemosus
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from OS and glutamate toxicity and oxidative damage or ex-
hibit anticholinesterase activity, mechanisms of current treat-
ments of Alzheimer’s [48]. Table 2 represents the neuropro-
tective anticholinergic, cognitive enhancer and antioxidant ef-
fects of bioactive constituents of C. asiatica.

Anti-Alzheimer’s Effects in Human Studies

A limited number of randomized, blinded and/or placebo-
controlled clinical studies have proved the effect of
C. asiatica in enhancing memory and improving cognitive
functions. In a double-blind, placebo-controlled, randomized
study, Wattanathorn et al. [69] examined the C. asiatica effect
on cognitive function of the healthy elderly volunteer.
Moreover, 28 healthy elderly subjects received the extract of
the plant once daily for two months at various doses ranging
from 750, 500, and 250 mg. By using the event-related poten-
tial and the computerized test battery, cognitive performance

was evaluated. In contrast, the mood was evaluated by
employing Bond-Lader Visual Analogue Scales prior to the
trial and after single, one and two months following treatment.
The findings revealed that working memory and enhanced
N100 component amplitude of event-related potential were
increased due to the high dose of the plant extract.
Moreover, following the C. asiatica treatment, enhancements
of self-rated mood were also noticed [69].

Another study was conducted by Tiwari et al. [70] involving
60 elderly subjects of age group sixty-five and above. In that
study, Mini-Mental State Examination (MMSE) was used as
the diagnostic tool. Furthermore, to monitor the subjects, param-
eters like Instrumental Activities of Daily Living, Activities of
Daily Living, and Yesavage Geriatric Depression Scale were
used. On the other hand, in a dose of 500 mg twice daily for
6 months, aqueous extract of C. asiatica was prescribed.
Remarkably, a promising improvement was noticed in mild cog-
nitive impairment (MCI) together with other problems such as

Table 2 Neuroprotective, anticholinergic, cognitive enhancer, and antioxidant activities of the active ingredients of Centella asiatica

Bioactive compounds Ex vivo studies In vivo studies

Animal studies Human studies

Asiatic acid Enhance learning and memory [49]

Anti-AChE activity, excitatory post synaptic
potential and locomotor activity [50]

Neuroprotective effects by antagonizing
mitochondria-reliant apoptosis [51]

Madecassoside Neuroprotective effects [52]

Antioxidant activity and activate
autophagy [53]

Asiaticoside Antioxidant activity, neuroprotective effects [54]

Neuroprotective effects [55]

Quercetin Reduce cholinergic dysfunctions, cognitive
enhancer [56]

Neuroprotective effects [57]

Reduce Aβ plaque burden and
mitochondrial dysfunction [58]

Kaempferol Augment cellular antioxidant
defense [59]

Luteolin Counteracting neurotoxicity associated
with activated microglia [60]

Protect brain disorders associated with excitotoxic
neuronal damage [61]

Naringin Reduce memory dysfunction and mitochondrial
oxidative damage [62]

Ascorbic acid Neuroprotective effects [63]

Neuroprotective effects and reduce neurotoxicity [64]

Chlorogenic acid Neuroprotective effects [65]

Reduce Aβ-induced
neurotoxicity [66]

Apigenin Neuroprotective effects against
Aβ-induced toxicity [67]

Neuroprotective effects
and reduce inflammation [68]
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constipation, loss of appetite, insomnia, and hypertension [70].
Figure 1 depicts the possible mechanism of action for anti-
Alzheimer’s potential of C. asiatica.

Clitoria ternatea

Learning, Memory-Enhancing, and Anti-Alzheimer’s Effects

In a study by Rai et al. [71] assessed the effects of Clitoria
ternatea (C. ternatea) aqueous root extract on memory and
learning in neonatal rat pups (7 days old) by using PAT, EPM,
and T-maze test or spatial learning tests. Interestingly, it was
found in this study that memory in rats increased considerably
when an extract of C. ternatea roots was used at different doses
as an oral treatment. Conversely, neonatal rat pups were
intubated at the dose of 50 mg/kg and 100 mg/kg of aqueous
root extract of C. ternatea for 30 days during their growth spurt
period. Memory improving properties was observed with
C. ternatea root extract; nonetheless, it did not disturb motor
activity. In addition, in the case of both time points of behav-
ioral tests, it showed enhanced retention and spatial learning
performance. Henceforth it was evident that permanent change
in the brain mediated by C. ternatea extracts resulted in en-
hanced learning and memory. This memory increasing activity
was significantly higher in neonatal rats (i.e., especially during
their growth spurt period) treated for 30 days with C. ternatea
extract (100 mg/kg body weight). So, it seems that treatment
with C. ternatea extract can cause permanent changes in the
rat’s brain and can enhance memory and learning [71].

In rats, in case of the alcoholic extracts of aerial parts and
roots of C. ternatea (i.e., 300 and 500 mg/kg) lessened amnesia
induced by electroshock through conditional avoidance response
paradigm [72]. C. ternatea extract, at the dose of 300 mg/kg,
triggered substantial retention of memory and the root parts
found to be significantly effective; however, the dose of
300mg/kg appeared very high. The researchers in this study also
assessed the most likely mechanism by whichC. ternatea exerts
the anti-amnesic effects on central cholinergic activity. For this
assessment, they evaluated the whole brain’s acetylcholine
(ACh) content and AChE activity at different parts of the rat
brain, specifically midbrain, cerebral cortex, cerebellum, and
medulla oblongata. In this study, in comparison with aerial parts,
C. ternatea extract of roots was found to be more effective in
lessening memory deficits. Alternatively, the pathway via which
C. ternatea generated retention of memory seems to be analo-
gous to pyritinol (i.e., standard cerebro protective drug). In rat
hippocampus, the effects of aqueous C. ternatea root extract on
the ACh content were discovered [73, 74]. In contrast, when
C. ternatea aqueous root extracts were used at a dose of
100 mg/kg for 30 days in neonatal rat pups (i.e., 7 days old)
and young adult rats (i.e., 60 days old), substantial increase in
the content of ACh was noticed in their hippocampi in compar-
ison with that of age-matched controls. In 90-day old control
rats, hippocampal ACh content was found to be considerably
less as compared to 37-day old control rats. In the central ner-
vous system, ACh is considered as one of the key neurotrans-
mitters. ACh helps to enhance attention and also ease the process
of learning. As a result, in rat hippocampus, increased ACh

Fig. 1 Possible mechanism of
action for anti-Alzheimer’s action
of Centella asiatica extracts.
Binding of CAE to cell surface
receptor generates a signal that
causes the production of a second
messenger, which in turn
activates a protein kinase that
translocates to the nucleus and
activates CREB. The activated
CREB then binds to a CRE region
and regulates gene expression to
enhance the arborization of
neurons and improve cognitive
performances [42]. CAE,
Centella asiatica extracts; CREB,
cyclic AMP response element
binding protein; CRE, cyclic
AMP response element
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content possibly the neurochemical basis for enhanced learning
and memory. Treatment with aqueous C. ternatea root extract
might be effective in strengthening disrupted cholinergic trans-
mission in specific age-related memory disorders. Furthermore,
in normal individuals, learning and enhanced memory may also
be facilitated by aqueous root extract of C. ternatea.However, it
is yet to be discovered whether this extract exerts similar action
in senile animals or not [75].

Rai et al. [76], in another study, showed that retention in the
PAT memory can also be ominously improved by using
C. ternatea. When young adult rats were orally intubated for
30 days at a dose of 100 mg/kg per day, increased retention
was noticed 48 h after the learning process in the same group
of C. ternatea treated young adult rats in comparison with age-
matched saline controls. This further specifies an upsurge in the
capacity to maintain avoidance memories, suggesting possible
effects exerted by C. ternatea on amygdaloid neurons. These
findings collectively specify that treatment by aqueous root ex-
tract ofC. ternatea has a specific contribution in the increment of
amygdaloid neuronal dendritic arborization and also hippocam-
pal CA3 neurons [76]. In a different study Rai et al., [77] further
assessed the effect of C. ternatea aqueous root extract on the
dendritic cytoarchitecture of amygdala neurons [77]. Along with
age-matched saline controls, when Wistar rats (i.e., either sex)
were orally intubated with C. ternatea aqueous root extract (i.e.,
50 and 100mg/kg) for 30 days and exposed to PAT, a significant
increase was found in retention of passive avoidance and learn-
ing. These rats were sacrificed by decapitation after the PAT. The
amygdala was treated for Golgi staining and following staining
neurons were traced by using a camera lucida and examined. The
findings of the study revealed a substantial increase in branching
points, dendritic processes, and dendritic intersections that arise
from the soma of amygdaloid neurons in aqueous root extract
treated rats when compared to age-matched saline controls.
Besides that, in the aqueous C. ternatea root extract, treated rats
enhanced dendritic arborization of amygdaloid neurons links
with the improved passive avoidance learning and memory.
The results of the study showed that aqueous root extract of
C. ternatea improves memory by triggering the functional
growth of amygdala neurons. Alternatively, an aqueous root ex-
tract of C. ternatea also influences the structures of the brain
which governs learning and memory specifically amygdala and
hippocampus. These changes related to behavior are considered
comparatively permanent and denotes that C. ternatea can affect
neurotransmitter biosynthesis namely ACh, which plays a signif-
icant role in the learning process and also inmemory. In addition,
these changes can also cause permanent changes in the brain.
Moreover, C. ternatea perhaps also facilitates long-term potenti-
ation [71]. The aqueous root extract of C. ternatea was not only
found to support neurogenesis in the amygdala; nevertheless, it
also triggers the release of neuromodulators or hormones that
control the neurotransmitters and neuromodulators activity spe-
cifically which play vital roles in memory and learning, thus

playing roles in improving memory and learning. Following
comprehensive clinical trials in adults, it was detected that treat-
ment by aqueous root extract of C. ternatea possibly be foreseen
as an enhancer of memory and also might be beneficial in the
treatment of amygdala-related neurodegenerative disorders [77].

Neuroprotective, Cognition-Enhancing, and Anti-Alzheimer’s
Effects

Talpate et al. [78] analyzed the nootropic and neuroprotective
activity of ethanol extract of C. ternatea extract on diabetes-
associated cognitive impairment in a rat model. The ethanol
extract of C. ternatea (200 and 400 mg/kg) caused a substan-
tial upsurge in spatial reference memory (P < 0.001), spatial
working memory (P < 0.05) and spatial working-reference (P
< 0.001) in retention trials on Morris water maze, Y-maze and
radial armmaze accordingly. Instead, marked decrease in lipid
peroxide (P < 0.001), AChE activity (P < 0.05), total nitric
oxide (P < 0.001) and significant increase in CAT, SOD,
and GSH levels were detected in animals treated with ethanol
extract of C. ternatea (200 and 400 mg/kg) in comparison
with diabetic control group [78].

Recently, in a study, Rajashree et al., [79] in the streptozocin-
induced young diabetic rats, examined the effects of the alco-
holic roots extracts of the C. ternatea on the behavioral and
cognitive changes. A substantial improvement was observed
only in the memory and learning among the diabetic group
and C. ternatea groups of rats [79]. In another study by
Ravishankar et al., [80] examined the neuroprotective effect
of ethanolic C. ternatea root extracts against amnesia triggered
by stress. In this study, conditioned avoidance response by
employing Cook’s pole climbing apparatus and transfer latency
using EPM were used in stress-induced and normal rats to
evaluate cognitive-improving activities. When C. ternatea
was orally administered daily at doses of 150 and 300 mg/kg,
it improves cognition in a dose-dependent way in normal rats.
In extract treated stress-induced rats, fast retrieval was observed
as compared to the stress control group [80]. The neuroprotec-
tive anticholinergic, cognitive, and memory-enhancing, as well
as antioxidant, effects of the C. asiatica extracts and its bioac-
tive metabolites are specified in Table 3 and Table 4.

Neuropharmacological Effects

In rats and mice, C. ternatea root’s ethanol extract was assessed
for various neuropharmacological actions including exploratory
behavior, general behavior, sleeping time induced by phenobar-
bitone and muscle relaxant activity. At the doses of 100 and
150 mg/kg, the extract caused a decrease in spontaneous activity,
reduction in the exploratory behavioral pattern byY-maze and the
head dip test, decrease in the muscle relaxant activity by rotarod,
traction tests, and 300 inclined screens [94]. Furthermore,
C. ternatea extract considerably increased the phenobarbitone-
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mediated sleeping time [94]. In rats, Kulkarni et al. [81] observed
the effect exerted by an alcoholic extract of aerial part of
C. ternatea on special discrimination. When alcoholic extract
was given orally at a dose of 460 mg/kg, a significant increase
in the time taken to traverse the maze was noticed, which was
alike to that generated by chlorpromazine; nonetheless, at a lower
dose (i.e., 230 mg/kg), chlorpromazine was not effective.

Nootropic and Anxiolytic Effects

EPM and object recognition tests were used to evaluate the
nootropic activity of C. ternatea aerial parts extract [82]. On
the 9th day, a marked increase in inflection ratio was noticed in
the case of the animals, which were treated with C. ternatea
(100 mg/kg). It was noticed in the object recognition test that
mice which were treated with C. ternatea took considerably
less amount of time to find out the familiar object as compared
to the new object and markedly decreased the discrimination
index. So, the increased discrimination index and inflection
ratio clearly indicate the nootropic activity of the species. In
addition, C. ternatea also met a key condition for nootropic
activity, which is specifically the memory improvement in cog-
nitive deficit’s absence. In association with the nootropic drug’s
assumption, a decrease in transfer latency was observed by
C. ternatea in the EPM test. However, improved inflection ratio
on the 9th day denoted C. ternatea’s less significant effect on
long-term memory. Conversely, Jain et al. [82] conducted a
study by employing the light or dark exploration and EPM test
to evaluate the anxiolytic potential of a methanolic extract of
aerial part ofC. ternatea. It was observed that whenC. ternatea
(100–400 mg/kg) was administered orally, it augmented the

time spent in the light-box and the time spent in the open
arm. In contrast, in the same study, it was noticed that there is
a reduction in time spent in the dark box. Failure to exert any
substantial effect in both animal models of anxiety was noticed
with the oral administration of C. ternatea at a dose of
30 mg/kg; however, a weaker effect was detected in case of
both the animal models. Malik et al. [95] stated thatC. ternatea
aqueousmethanol extract showed supremememory-improving
and anxiolytic effect at the doses of 100 and 200 mg/kg.

Anti-Alzheimer’s Effects in Human Studies

In a randomized, crossover study, Chusak et al. [96], in 15
healthy men, estimated the effects of C. ternatea flower ex-
tract on antioxidant status and postprandial plasma glycemia
response. Surprisingly, after 30 min of ingestion, the insulin
and postprandial plasma glucose levels were inhibited when
consuming sucrose and 2 g and 1 g C. ternatea flower extract.
Furthermore, insulin concentration in the fasting state and
glucose level in plasma was not altered due to this extract
consumption. Instead, in the individuals who received 2 g
and 1 g C. ternatea flower extract, a decrease in the level of
MDA and a marked rise in plasma antioxidant capacity (i.e.,
oxygen radical absorbance capacity, trolox equivalent antiox-
idant capacity, ferric reducing ability of plasma, and protein
thiol) were detected. In addition, sucrose-stimulated reduction
in trolox equivalent antioxidant capacity and oxygen radical
absorbance capacity and also the increase in plasma MDA
were protected due to the C. ternatea flower extract consump-
tion. These results suggested that, without hypoglycemia in
the fasting state, plasma antioxidant capacity is increased due

Table 4 Neuroprotective, memory-enhancing, and antioxidant activities of the active metabolites of Clitoria ternatea

Bioactive metabolites In vitro studies Ex vivo studies In vivo studies (animal studies)

Taraxerol Antioxidant activity [83] Improve memory impairments in AD [84]

p-Hydroxycinnamic acid Antioxidant activity [85] Neuroprotective effects [86]

β-sitosterol Antioxidant activity [87] Improve memory deficits [88]

Kaempferol Antioxidant activity [89] Augment cellular antioxidant defense [59]

Anthocyanins Antioxidant activity [90] Antioxidant activity [91]

Taraxerone Antioxidant activity [92]

Delphinidin Antioxidant activity [93]

Table 3 Nootropic,
anticholinergic, and cognitive-
enhancing activities of the
extracts of Clitoria ternatea

Plant parts Extracts Functions

Roots Aqueous root extract Enhance learning and memory [71]

Aqueous root extract Enhance ACh content [73]

Aqueous root extract Enhance memory [77]

Roots and aerial parts Alcoholic extract Increase brain ACh content and AChE [72]

Roots Alcoholic extract Nootropic effects [81]

Aerial parts Methanolic extract Nootropic effects and improve cognitive functions [82]
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to an acute ingestion of C. ternatea flower extract. It has been
summarized, in adults, following detailed clinical trials, that
treatment with aqueous root extract of C. ternatea may be
beneficial in the treatment of neurodegenerative diseases re-
lating the amygdala and might also be foreseen as an enhancer
of memory [77]. The possible mechanism of action for anti-
Alzheimer’s potential of C. ternatea is illustrated in Fig. 2.

Crocus sativus

Anti-Alzheimer’s Effects in Animal Models

Promising antioxidant properties were found with the aqueous-
ethanolic extract of Crocus sativus (C. sativus) stigmas, which
were greater as compared to those of tomato and carrot in a time
and concentration-dependent manner, in consort with Aβ
fibrillogenesis inhibition. Papandreou et al. [98] stated that the
ester of crocetin, trans-crocin-4, inhibited Aβ fibrillogenesis.
For the sporadic AD, intracerebroventricular streptozotocin in-
jection to rodents has been found to be commonly used animal
model [41, 99, 100]. Khalili et al., [101] exposed that treatment
with an extract of C. sativus (i.e., 30 mg/kg) for 21 days might
considerably improve cognition impairments facilitated by in-
tracerebroventricular streptozotocin injection in rats. In fact,

crocin (30 mg/kg) has been revealed to have an antagonizing
role on the streptozotocin-induced cognitive deficits in rats and
exerted higher correct choices and lower errors in Y-maze than
vehicle-treated streptozotocin-injected rats [102]. In a different
study, Geromichalos et al. [103] exhibited moderate (i.e., up to
30%) inhibitory activity exerted by saffron extract on AChE
and inhibited breakdown of ACh which is the key therapeutic
approach for Alzheimer’s.

The active constituents of C. sativus, at 1–10 μM was
found to defend HT22 cells against neuronal cell death medi-
ated by Aβ1-42 and reduced production of OS increased by
Aβ1-42. Moreover, these findings revealed that crocetin has
powerful neuroprotective effect against cytotoxicity triggered
by Aβ1-42 in hippocampal cells by weakening OS, which
ultimately recommends that crocetin might offer a beneficial
therapeutic measure against disorders which are linked to Aβ
[102]. Table 5 and Table 6 show the neuroprotective, anti-
Alzheimer’s, cognitive-enhancing, and antioxidant effects of
the C. sativus extracts and its bioactive constituents.

Anti-Alzheimer’s Effects in Human Studies

Akhondzadeh et al. [118] reported that when saffron at a dose of
30 mg/day (i.e., 15 mg twice daily) was administered in subjects

Fig. 2 Possiblemechanism of action for anti-Alzheimer’s action ofClitoria
ternatea extracts. Binding of LPS to TLR causes the generation of ROS
fromNADPH oxidase and mitochondria. This generated ROS activate NF-
kB via phosphorylation by the IkB kinase, which then translocates to the
nucleus and binds target DNA to produce COX-2, thus causing
inflammation. The extract of Clitoria ternatea by blocking few steps of

the aforementioned pathway exerts anti-inflammatory effects as well as
improves learning, memory, and cognition [97]. CTE, Clitoria ternatea
extracts; NADPH, reduced nicotinamide adenine dinucleotide phosphate;
LPS, lipopolysaccharide; TIR, Toll-interleukin receptor; ROS, reactive
oxygen species; pNF-KB, phosphorylated nuclear factor kappa-light-
chain-enhancer of activated B cells; COX-2, cyclooxygenase-2
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of 55 years and older, it was found that saffron’s effectivenesswas
equivalent to donepezil to treat mild-to-moderate Alzheimer’s
(Table 7). Furthermore, in the case of side effects, the extent of
an extract of saffronwas identical to those of donepezil apart from
vomiting, which is more commonly observed in the donepezil-
treated group [118]. Another study was conducted by giving saf-
fron for 16 weeks to 46 patients who had mild to the moderate
AD and it was seen that in comparison with placebo, cognitive
functionswere noticeably better in the saffron treated group [118].
Recently, Farokhnia et al. [119] in a double-blind randomized
clinical trial reported that 1-year administration of saffron extract
in the form of capsules exhibited to be comparable with
memantine (i.e., a standard drug that block NMDA receptors) in
decreasing cognitive deficits in patients with moderate to the se-
vere AD. In Fig. 3, the possible mechanism of action for anti-
Alzheimer’s potential of C. sativus is displayed.

Terminalia chebula

Anticholinesterase, Cognition-Enhancing,
and Anti-Alzheimer’s Effects

In many studies, it has been reported that Terminalia chebula (T.
chebula) has anticholinesterase properties [121–127]. Sancheti
et al. [122] revealed that methanolic crude extract of the
T. chebula fruits with a concentration of 5 mg/mL inhibited
AChE and butyrylcholinesterase (BChE) about 89% and 95%,
respectively. The researchers extracted 1,2,3,4,6-penta-O-

galloyl-β-D-glucose with a gallotannin structure from
T. chebula by chromatographic methods, and they showed it to
be the most potent AChE and BChE inhibitor. Then again,
concentration-mediated inhibitory activity on AChE and BChE
with IC50 values of 29.9 ± 0.3μMand 27.6 ± 0.2μMsuccessive-
ly was revealed when a study with bioassay of 1,2,3,4,6-penta-O-
galloyl-β-D-glucose was conducted. Instead, for deducing the
inhibitory potential of 1,2,3,4,6-penta-O-galloyl-β-D-glucose, a
thin-layer chromatography assay was carried out with tacrine as
a positive control, and the AChE inhibitory activity was visual-
ized clearly in the assay [122]. In addition, the inhibitory potential
of methanolic fruit extracts of T. chebula on AChE, the ethyl
acetate fraction showed relatively remarkable AChE inhibitory
activity. Sulaiman et al. [128] revealed that fraction of ethyl ace-
tate with doses of 1, 5, 15, and 25mg/mL inhibited AChE by
29.36%, 32.44%, 45.82%, and 62.32%, respectively. This frac-
tion was more effective than the fraction of chloroform andmeth-
anol in AChE inhibition [128]. In a similar study, Vinutha et al.
[121] used the methanolic and aqueous extracts of the T. chebula
fruit and the outcome showed that IC50 values of the T. chebula
aqueous extract (i.e., minimum inhibition 12.45%) are more po-
tent than the methanolic extract (i.e., minimum inhibition 1.21%).

The effect of gallotannins on AChE inhibition, tannic acid as
an active component ofT. chebula, has a potential inhibition effect
on AChE. Then again, the competitive inhibition of AChE by
tannic acid was showed by Upadhyay and Singh [124]. This
study focused on the effects of tannic acid from the T. chebula
fruit. In the nervous tissue of Lymnaea acuminate, in vivo

Table 5 Neuroprotective and
cognitive-enhancing activities of
the extract/ingredient of Crocus
sativus

Extracts/constituents Functions

Crocus sativus extract Enhance learning and memory [104]

Crocus sativus extract Enhance learning and memory [105]

Crocus sativus extract Memory enhancing, antioxidant activity [106]

Crocus sativus extract, crocin Antioxidant activity, improve cognitive deficits [107]

Crocus sativus extract Neuroprotective effects [108]

Crocus sativus extract, crocin Improve spatial cognitive abilities [109]

Table 6 Anti-Alzheimer’s, cognitive enhancer, and antioxidant activities of the active ingredients of Crocus sativus

Bioactive compounds Ex vivo studies In vivo studies

Animal studies Human studies

Crocin Antioxidant activity [110] Anti-Alzheimer’s effects, improve learning
and memory deficits [102, 107, 111, 112]

Improve memory [113]

Crocetin Neuroprotective effects [114]

Carotenoids Enhance memory [115]

Zeaxanthin Antioxidant activity [116]

Lycopene Improve cognitive impairments [117]

Picrocrocin Antioxidant activity [110]

Safranal Antioxidant activity [110]
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treatment with 80% of LC50 of tannic acid during 96 h caused a
remarkable reduction in AChE activity. Furthermore, when the
tissue was exposed to 80% of LC50 of tannic acid for 96 h, opti-
mum inhibition of AChE activity was detected, which suggests
that inhibition of AChEwas time- and dose-dependent in the 96 h
process. In vitro treatment showed that tannic acid triggered dose-
dependent AChE inhibition significantly; such that 0.04mM tan-
nic acid inhibited the AChE activity to 37% of the control in the
nervous tissue of Lymnaea acuminate [124]. In addition, another
study on AChE activity showed that tannic acid completely neu-
tralized theAChE activity inNaja kaouthia venom [129]. Instead,
when administered orally, Parle and Vasudevan [125] in a study
showed that themixture ofmedicinal plants containing T. chebula
with doses of 50, 100, and 200mg/kg for 15 days can reduce the
AChE activity in the brain of young and aged mice. PAT and
maze tests were done on day 16 and the results exhibited a note-
worthy dose-dependent inhibition in transfer latency and a

marked increase in step-down latency tests, indicating significant
memory improvement [125]. In a different study, Dhivya et al.
[127] revealed that AChE inhibitory activity of various plant spe-
cies containing T. chebula was reported to have AChE inhibition
of 41.06 ± 5.6% (0.1mg/mL).

In a similar study, AChE inhibition of the methanolic ex-
tract of T. chebula showed a moderate inhibition with an ex-
tract with IC50 value of 180 ± 14.6 μg/mL and the percentage
of AChE inhibition was 41.06 ± 5.6 at 0.1 mg/mL [130]. In
addition, the percentage of AChE inhibition in the extract of
T. chebula was 13 [131]. Furthermore, in another research,
T. chebula could inhibit 89% of AChE activity (5 mg/mL)
and 95% of BChE activity (5 mg/mL) [122].

Interestingly, ellagic acid and gallic acid, as phenolic com-
pounds in the T. chebula fruits, could also inhibit AChE. Nag
and De [126] in their study stated that the inhibition in the effect
of the methanolic extract of T. chebula (i.e., gallic acid: 0.25 μg,

Table 7 Anti-Alzheimer’s and cognitive-enhancing activities of the extracts of Crocus sativus in Alzheimer’s patients

Study design Extract/drug Doses Duration of the
study

Number of
patients

Patients severity Outcomes

Randomized and
placebo-controlled trial

C. sativus 15 mg twice
per day

16 weeks 46 Mild to
moderate AD

Better outcome on cognitive
function [118]

Randomized, double-blind
controlled trial

C. sativus,
donepezil

15 mg twice
per day

22 weeks 54 Mild to
moderate AD

Anti-Alzheimer’s effects [118]

5 mg twice per
day

Double-blind randomized
clinical trial

C. sativus,
memantine

30mg per day 12months 68 Moderate to
severe AD

Reduce cognitive impairments
[119]20mg per day

Fig. 3 Possible mechanism of
action for anti-Alzheimer’s action
of Crocus sativus extracts. CSE
enhances Aβ clearance across the
BBB and improves the tightness
of the BBB limiting entry of
unwanted largemolecules, as well
as exerts an anti-inflammatory
effect whereby it reduces
astrocytes activation and brain
interleukin-1 beta [120]. CSE,
Crocus sativus extracts; Aβ,
amyloid beta; BBB, blood-brain
barrier
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ellagic acid: 0.08 μg) has a linear relationship with increasing
dosage (i.e., IC50: 10.96). In mice, Rao et al. [132] examined
the learning- and memory-enhancing properties of different doses
of T. chebula ethanolic extract (100, 200, and 400 mg/kg). The
results suggested,when administered acutely,T. chebula ethanolic
extracts also improve the process of learning andmemory retriev-
al capacity in an inverse dose-dependent manner in mice. In

Table 8, the neuroprotective, cognitive-enhancing, and antioxi-
dant effects of the bioactive compounds of T. chebula are given.

As stated earlier T. chebula contains copious biochemicals
and has a wide range ofmedicinal properties. The high content
of phenolic constituents displays strong antioxidant and neu-
roprotective effects. The possible mechanism of action for
anti-Alzheimer’s potential of T. chebula is specified in Fig. 4.

Table 8 Neuroprotective, cognitive enhancer, and antioxidant activities of the active ingredients of Terminalia chebula

Bioactive compounds In vitro studies Ex vivo studies In vivo studies (animal studies)

Anthraquinone glycoside Neuroprotective effects [129, 133]

Chebulagic acid Neuroprotective effects [134]

Gallic acid Antioxidant activity [135] Neuroprotective effects, antioxidant
activity [136]

Ellagic acid Antioxidant activity [137] Cognitive enhancer, antioxidant
activity [138]

Gallotannins Antioxidant activity, neuroprotective
effects [139, 140]

Ellagitannins Antioxidant activity [141] Antioxidant activity, neuroprotective
effects [142, 143]

Chebulic acid Antioxidant activity [144]

Chebulinic acid Antioxidant activity [145]

Luteolin Antioxidant activity [146]

Punicalagin Antioxidant activity [147]

Fig. 4 Possible mechanism of action for anti-Alzheimer’s action of
Terminalia chebula extracts. Binding of TNF-α to TNFR causes
activation of MyD88 and TRAF, thus activating MAPK. This activated
MAPK finally activates NF-kB and translocate to the nucleus and binds
target DNA to produce inflammation. TCE by blocking few steps of
aforementioned pathway exerts anti-inflammatory effects as well as

increases antioxidant enzymes, and blocks AChE and mTOR pathways
[148, 149]. TCE, Terminalia chebula extracts; TNF-α, tumor necrosis
factor alpha; TNFR, tumor necrosis factor receptor; MyD88, myeloid
differentiation primary response protein 88; TRAF, tumor necrosis factor
associated factors; MAPK, mitogen-activated protein kinases; NF-kB,
nuclear factor kappa-light-chain-enhancer of activated B cells
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Withania somnifera

Anticholinesterase, Memory-Enhancing, and Anti-Alzheimer’s
Effects

In rats, the influence of withaferin and sitoindosides VII-X iso-
lated from the aqueous methanol extract of roots of cultivated
varieties of Withania somnifera (W. somnifera) were evaluated
on glutamatergic, cholinergic, and GABAergic receptors of the
brain. The compounds mediated slight enhancement of AChE
activity was observed in the globus pallidus and lateral septum,
and reduced AChE activity was observed in the vertical diagonal
band [150]. Indeed, the observed changes were found associated
with the improved binding with the M1-muscarinic receptor in
lateral and medial septum as well as in frontal cortices. Then
again, the increase in binding sites of M2- muscarinic receptor
was noticed in many cortical regions, such as frontal, parietal,
cingulate and retrosplenial cortex. These findings recommend
that the compounds favorably affect the events that take place
in the cortical and basal forebrain cholinergic-signal transduction
cascade. Increased cortical muscarinic ACh receptor capacity
induced by the drug could somewhat explain the memory im-
proving and cognition-enhancing potential of W. somnifera ex-
tracts in animals and also in humans [150].

In an investigation by Zhao et al. [151] reported that
withanoside IV initiated outgrowth of neurite in the cultured cor-
tical neurons of rat. Oral intake of withanoside IV fundamentally
enhanced memory shortages in Aβ-injected mice and forestalled
the loss of dendrites, axons, as well as neural connections. On the
other hand, sominone was recognized as the fundamental metab-
olite following oral administration of withanoside IV. Then,
sominone initiated dendritic and axonal recovery and synaptic

recreation altogether cultured cortical neurons of rat impaired by
Aβ. Alternatively, withanoside IV may also enhance neuronal
abnormality present in AD and sominone is the active principle
after metabolism. In a different study employing the EPM test
revealed that animals, which were treated with reserpine, addi-
tionally demonstrated poor retaining of memory. Ceaseless
W. somnifera intake markedly turned reserpine-instigated
retaining deficiencies [152]. In various examinations with
W. somnifera root extricate enhanced retention in the PAT.
W. somnifera likewise switched the scopolamine-instigated inter-
ruption of acquisition and retention and constricted the amnesia
created by intense treatment with electroconvulsive shock,
promptly after training. Perpetual therapy with electroconvulsive
shock, for six progressive days at 24-h interims, disturbed mem-
ory consolidation on the 7th day. Day by day intake of
W. somnifera for the period of 6 days altogether enhanced mem-
ory consolidation in mice which received a chronic electrocon-
vulsive shock.W. somnifera, intake on day 7, likewise constricted
the interruption of memory consolidation caused by chronic elec-
troconvulsive shock. In EPM test, W. somnifera reversed the
scopolamine-induced delay in transfer latency on the 1st day.
These discoveries recommended that W. somnifera shows a
nootropic-like impact in amnesic and naïve mice [153]. Table 9
and Table 10 denote the anti-Alzheimer’s, neuroprotective, anti-
oxidant, and memory-enhancing activities of the extracts of
W. somnifera and its bioactive constituents.

Anti-Alzheimer’s Effects in Human Studies

In a double-blind clinical trial, W. somnifera was studied for its
anti-aging properties. At a dosage of 3 g daily for 1 year, a group
of 101 healthy males, 50–59 years old was given the herb. The

Table 9 Anti-Alzheimer’s,
neuroprotective, antioxidant, and
memory-enhancing activities of
the extracts of Withania
somnifera [154]

Plant parts Extracts Functions

Roots Chloroform: methanol extract Anti-Alzheimer’s effect

Roots Hydromethanolic extract Neuroprotective effects, antioxidant activity

Roots Aqueous extract Neuroprotective effects

Roots Hydromethanolic extract Memory-enhancing effect

Leaves, fruits, and roots Methanolic extract Antioxidant activity

Table 10 Anti-Alzheimer’s,
memory-enhancing,
neuroprotective, and antioxidant
activities of the active ingredients
of Withania somnifera

Bioactive compounds Ex vivo studies In vivo studies (animal studies)

Withanoside IV Improve memory deficits [155, 156]

Sitoindosides VII-X and
withaferin

Anti-AChE activity [150]

Proline Neuroprotective effects [157]

Cystine Neuroprotective effects [158]

Withaferin A Antioxidant activity [159] Antioxidant activity [160]

Withanolide A Improve memory deficits [161]

Withanamides A and C Block the amyloid fibril formation [162]
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subjects experienced a noteworthy improvement in seated stature,
hair melanin, red blood cell count, and hemoglobin. Moreover,
nail calcium was preserved and there was a decrease in the serum
cholesterol level. Instead, in case of sexual performance, 70% of
the study subjects reported enhancement [163]. In adults with
MCI, the safety and efficacy ofW. somnifera in improving cogni-
tive functioning andmemory were evaluated by Choudhary et al.,
[164] in a double-blind, randomized, placebo-controlled, prospec-
tive study.Moreover, for 8weeks, subjectswere treatedwith either
placebo or root extract of W. somnifera (300 mg 2 times a day).
Interestingly, following 8 weeks of experiment, in case of both
general and immediate memory, substantial enhancements were
confirmed in the group which was treated with W. somnifera, as
compared to the placebo group. This was demonstrated by
Wechsler Memory Scale III subtest scores for family pictures II,
verbal paired associates II, logical memory II, faces II, family
pictures I, faces I, verbal paired associates I, and logical memory

I. Considerably improvement in information-processing speed,
sustained attention, and executive function was demonstrated by
the treatment group, as specified by scores on the Mackworth
Clock test, Trail-Making test part A, Wisconsin Card Sort test,
and the Eriksen Flanker task [164]. Henceforth, W. somnifera
could be effective in improving both general and immediatemem-
ory in people with MCI along with improvement in information
processing speed, attention, and executive functions.A framework
of the anti-Alzheimer’s, neuroprotective, memory-enhancing, and
antioxidant effects ofW. somnifera is mentioned in Fig. 5.

Asparagus racemosus

Neuroprotective and Anti-Alzheimer’s Effects

InAyurvedicmedicine, Asparagus racemosus (A. racemosus) is a
quite well-known nervine tonic. Copiuos studies suggested

Promote the 
Disassembly of 

Toxic A
Oligomers

Decrease MDA Level 
and Increase SOD, 

CAT and GPx Activities

Inhibit Protein 
Oxidative Modification

Reduce 
Oxidative Stress

Promote Peripheral 
Clearance of A

Anti-Alzheimer's 
Activity

Enhance Low-Density 
Lipoprotein Receptor-

Related Protein in Liver

Reverse Alzheimer's 
Pathology

Promote Neurite 
Outgrowth

Change the ACh 
and Arc Levels

Neuroprotective
Effect

Endorse 
Neurogenesis

Block the 
Generation of A

Anti-Amnesic 
Effect

Neurodefensive 
Effect

Anti-Aging
Effect

Fig. 5 Anti-Alzheimer’s, neuroprotective, memory-enhancing, and antioxidant actions of Withania somnifera extracts [165–167]. ACh, acetylcholine;
Arc, synaptic activity-related gene; MDA, malondialdehyde; SOD, superoxide dismutase; CAT, catalase; GPx, glutathione peroxidase

Table 11 Neuroprotective, anticholinergic, cognitive-enhancing, and antioxidant activities of the extracts of Asparagus racemosus

Plant parts Extracts Functions

Root extract Methanolic extract Neuroprotective effects [170]

Cerebroprotective, antioxidant activity [171]

Root extract Hydro-alcoholic extract Neuroprotective effects [172]

Root extract Aqueous extract Neuroprotective in hippocampus region [173]

Root extract Hexane, ethanol, propylene glycol extract Cognitive enhancing [169]

Root extract Ethanol extract Antioxidant, neuroprotective and cholinergic properties [174]

Root extract Acetone extract Antioxidant activity, neuroprotective effects [168]
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neuroprotective effects of A. racemosus. Furthermore, in mice,
Parihar and Hemnani [168] examined the effect of themethanolic
extricate of A. racemosus roots against kainic acid-mediated hip-
pocampal as well as striatal neuronal injury. Administration of
kainic acid caused excitotoxic brain lesions in the anesthetized
mice. The researchers reported injury of striatal and hippocampal
regions of the brain as well as augmented lipid peroxidation,
better protein carbonyl content, abated GPx and reduced GSH
activity. The study suggested that reduced GSH is an imperative
antioxidant that plays a pivotal role as a nucleophilic forager of
deadly compounds and also acts as a substrate in the GSH
peroxidase-facilitated damage of hydroperoxides that would then
accrue to lethal levels in brain tissues [168]. In mice,
A. racemosus extract was found to improve GPx and reduced
activity of GSH and decline in lipid peroxidation as well as pro-
tein carbonyl contents. The researchers avowed that this extract of
the plant shows the contribution of an antioxidant by reducing
oxidative impairment induced by free radical [168].

Recently, in ovariectomized rats, Lalert et al. [169] studied the
mechanisms and the effects of root extract of ethanol
A. racemosus on the change of estrogen receptor (ER) subtypes
and brain-derived neurotrophic factor. Moreover, a marked

decrease in BDNF and a down-regulation of estrogen
receptor-α, and -β in the hippocampus and frontal cortex were
exhibited by the ovariectomized rats. In ovariectomized rats, it
was also confirmed that root extract of A. racemosus and 17α-
ethynylestradiol enhanced estrogen receptor-α, and -β and brain-
derived neurotrophic factor in the hippocampus and frontal cor-
tex. These findings collectively suggested that, in the ovariecto-
mized rat, the increase of brain-derived neurotrophic factor and
estrogen receptors up-regulation might be associated in the neu-
roprotective effects of root extract of ethanol A. racemosus. The
neuroprotective, anticholinergic, and cognitive-enhancing, and
antioxidant potential of the extracts of A. racemosus and its bio-
active constituents are displayed in Table 11 and Table 12.

Anti-Alzheimer’s Effects in Human Studies

A. racemosus possessesmultiple neuropharmacological activities
to improve cognition and enhance memory (Fig. 6). The neuro-
protective effects of root extract of A. racemosus were analyzed
by Saxena et al. [170] in 16 clinical outpatients of a hospital for
known stress-related disorders i.e., patients receiving treatment
for cognitive changes, memory deficits. In addition, these were

Table 12 Neuroprotective, cognitive-enhancing, and antioxidant activities of the active ingredients of Asparagus racemosus

Bioactive compounds In vivo studies

Animal studies Human studies

Rutin Neuroprotective effects, antioxidant activity [175, 176]
Quercetin Neuroprotective effects [177]
Kaempferol Augment cellular antioxidant defense [59]
Vitamin C Antioxidant activity [178]
Vitamin E Improve learning and memory performances [179]
Combination of vitamin C and vitamin E Reduce prevalence and incidence of AD [180]
Sarsasapogenin Improve memory dysfunction [181]
Isoflavone Improve learning and memory performances [182]

Fig. 6 Asparagus racemosus
extracts reduce oxidative stress by
blocking membranal lipid
peroxidation and protein carbonyl
as well as improve cognitive
functions by raising GPx, GSH
BDNF, and ERs [168, 169]. GPx,
glutathione peroxidase; GSH,
reduced glutathione; BDNF,
brain-derived neurotrophic factor;
ERα, estrogen receptor alpha
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subjected to recall and memory retention test. As compared to
stress group individuals, a substantial increase in test score was
observed in the individuals whom were treated with extract.
Interestingly, females were found to exhibit less effect of stress
on short-termmemory as compared to males. Therefore it can be
hypothesized that, in cognition, estrogen has a significant contri-
bution [183]. Furthermore, estrogen is well-known as a neuro-
protective agent, a finding that driven many investigators to find
a sidetrack or breakthrough for the protection from neurodegen-
erative diseases and cerebrovascular diseases [184, 185].

Conclusion

The explored medicinal plants in this appraisal play a propitious
role in the controlling AD. The utmost benefit of natural medicine
has little adverse effects compared to modern medicine.
Heretofore, Alzheimer’s is incurable albeit many compounds are
under research. Merely a few of them show substantial denoue-
ments in clinical trials. The traditional medicine comprises appre-
ciated info on medicines. The represented auspicious candidates
could undertake an inquiry for the extensive further studies and
clinical trials to detect lead compounds to abate AD pathogenesis.
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