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Herbal Therapeutics for Alzheimer's Disease: Ancient Indian Medicine
System from the Modern Viewpoint
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Abstract: Alzheimer's is a chronic neurodegenerative disease where amyloid-beta (AB) plaques and
neurofibrillary tangles are formed inside the brain. It is also characterized by progressive memory loss,
depression, neuroinflammation, and derangement of other neurotransmitters. Due to its complex eti-
opathology, current drugs have failed to completely cure the disease. Natural compounds have been
investigated as an alternative therapy for their ability to treat Alzheimer's disease (AD). Traditional
herbs and formulations which are used in the Indian ayurvedic system are rich sources of antioxidant,
anti-amyloidogenic, neuroprotective, and anti-inflammatory compounds. They promote quality of life
by improving cognitive memory and rejuvenating brain functioning through neurogenesis. A rich
knowledge base of traditional herbal plants (Turmeric, Gingko, Ashwagandha, Shankhpushpi, Giloy,
Gotu kola, Garlic, Tulsi, Ginger, and Cinnamon) combined with modern science could suggest new
DOI: functional leads for Alzheimer's drug discovery. In this article Ayurveda, the ancient Indian herbal
10.2174/1570159X21666230216094353  medicine system based on multiple clinical and experimental, evidence have been reviewed for treat-

ing AD and improving brain functioning. This article presents a modern perspective on the herbs
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available in the ancient Indian medicine system as well as their possible mechanisms of action for AD
treatment. The main objective of this research is to provide a systematic review of herbal drugs that

are easily accessible and effective for the treatment of AD.
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1. INTRODUCTION

Alzheimer’s disease (AD) causes permanent damage to
neurons. The hallmark features of Alzheimer’s disease in-
cludes the formation of intracellular neurofibrillary tangles,
senile plaques, and loss of neuronal synapses and pyramidal
neurons inside the brain [1]. These changes lead to the emer-
gence of the characteristic Alzheimer’s disease symptoms,
which include progressive and gross cognitive impairment
and frequent behavioral disorders like depression, anxiety,
aggression, and wandering [2]. The entorhinal cortex and
hippocampus are the foremost areas of the brain where Alz-
heimer’s disease damages neuronal connections. Later on, it
affects areas of the cerebral cortex that controls social inter-
action, language, and logic. Dementia is often associated
with progressive deterioration of intellectual function. It af-
fects individuals over a gradual period of time followed by
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their lost ability to live and function independently [2-9].
Even after a century of research, we still can not determine
the relationship between cognitive decline and proteinaceous
deposition of plaques and tangles [10].

Approximately 5 million new cases of dementia are di-
agnosed every year, affecting more than 25 million people
worldwide, the majority of whom have AD [3-5]. Since AD
is age-specific and is directly correlated with age its preva-
lence doubles by 5 years after the age of 65. In the past few
years, a lot of interest has been shown in the epidemiologic
study of dementia and AD in underdeveloped and develop-
ing nations. In Europe, the combined incidence rate of AD
among those 65 and older was 19.4 per 1000 person-years.
In the US, according to the combined data from two large,
community-based studies, the incidence rate for AD was 15
per 1000 person-years for people aged 65+ [6-8].

Currently, only FDA-approved therapeutic options, in-
cluding acetylcholinesterase (AChE) inhibitors (donepezil,
galantamine, rivastigmine, and tacrine), a partial NMDA
receptor antagonist (memantine), and Aduhelm (recently) for
AD treatment are available [11, 12]. However, they are ex-
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pensive, have side effects, and approximately 5 to 8 years
to a person’s life span. Recently, traditional and complemen-
tary modalities of medicine have received a lot of attention.
Since the dawn of time, medicinal plants have been used to
treat a wide range of illnesses, including schizophrenia,
epilepsy, depression, anxiety, and even neuro-regeneration [9,
10, 13, 14]. Numerous herbs with advantageous neurochemi-
cal constituents have also been discovered, such as plant
molecules with anti-neurodegenerative or neuroprotective
properties [15]. Studies have shown that Indian ayurveda had
used medicinal plants for improving memory and rejuvenat-
ing brain cells since very ancient times. These herbs improve
brain activity by enhancing anti-inflammatory and anti-
amyloidogenic properties. Several well-known medicinal
plants that have been extensively researched by scientists for
their nootropic benefits are Curcuma longa (Turmeric),
Ginkgo biloba, Withania somnifera (Ashwagandha), Convol-
vulus  pluricaulis (Shankhpushpi), Tinospora cordifolia
(Giloy), Centella asiatica (Gotu kola), Allium sativum Linn
(Garlic), Ocimum sanctum Linn (Tulsi), Zingiber officinale
(Ginger), Cinnamon zeylanicum (Cinnamon) and Aza-
dirachta indica (Neem).

2. ALZHEIMER'’S DISEASE (AD) HYPOTHESIS

AD is a multifactorial disorder in which more than 200
proteins or enzymes involved in age-related biological pro-
cesses have been implicated in the pathogenesis of the dis-
ease [16-18]. There is a strong positive correlation between
aging and AD risk which cumulatively affect the impact of
various risks over the span of a person’s lifetime, including
biological factors, psychosocial factors, environmental expo-
sures, and genetic susceptibility [6, 19-21]. The various etio-
logic hypotheses responsible for elevated AD risk are sum-
marized in Table 1, along with major protective and risk
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factors. The etiology of Alzheimer’s disease is still not clear,
and the current one-drug, one-target treatment strategy for
the disease appears to be clinically ineffective. Although,
several hypotheses have been linked with AD until today, so
far amyloid B (AB) hypothesis describes the most acceptable
explanation for AD progression [22, 23].

The amyloid precursor protein (APP) is processed
through 3 different proteases via o and f-secretase pathways
[24, 25]. During the normal physiological condition, 90% of
the APP is cleaved through a and y-secretase and forms solu-
ble p3 and APP intracellular domain (AICD) fragments. When
a small percentage of APP molecules enter the P-secretase
route, APP is cleaved by B-secretase. It resultsin the formation
of B-APPs and membrane-bound C99 peptides. The y-
secretase cleaves the C-terminal membrane-bound C99 pep-
tide within the transmembrane domain to produce two primary
isoforms of AP with 40 and 42 amino acid lengths [24, 26,
27]. The AP 42 is hydrophobic and is the primary cause for
plaques formation associated with the early onset of Alz-
heimer’s disease [28] (EOAD). Since the aggregation of A is
thought to be the cause of the disorder, as shown in Fig. (1) no
medicine has yet been proven to reverse, stop, or even re-
duce the progression of the disease.

Herbal plants contain several phytochemically active com-
pounds such as Tannic acid, Quercetin, Kaempferol, Curcu-
min, Catechin, and Epicatechin. Numerous valuable natural
compounds, such as Triterpenes, Flavonoids, Sterols, Lignans,
Tannins, Polyphenols and Alkaloids have been discovered
through phytochemical studies of various plant parts and they
all are known to exhibit a wide range of pharmacological
properties (anti-amyloidogenic, anti-inflammatory, antioxidant
and anti-cholinesterase activities). These compounds are
known to suppress the production and elongation of Amyloid-
beta (AP) fibrils in a dose-dependent manner [13].
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Fig. (1). The amyloid precursor protein (APP) is a transmembrane protein, and during normal physiological condition, 90% of the APP is
cleaved through a and y-secretase and forms soluble p3 and APP intracellular domain (AICD) fragments. When a small percentage of APP
molecules enter the -secretase route, APP is cleaved by B-secretase. It results in the formation of B-APPs and membrane-bound C99 pep-
tides. The y-secretase cleaves the C-terminal membrane-bound C99 peptide within the transmembrane domain to produce two primary
isoforms of AP with 40 and 42 amino acid lengths which are responsible for AP plaques formation. (4 higher resolution/colour version of

this figure is available in the electronic copy of the article).
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3. HERBAL PLANTS OF INTEREST FOR THERA-
PEUTIC TREATMENT OF AD

3.1. Curcuma longa (Turmeric)- Spice of Life

Turmeric, particularly known as “Indian Saffron” in Eu-
rope, is a perennial rhizome and belongs to Zingiberaceae
family. Turmerone oil and water-soluble curcuminoids such
as curcumin are the most important active ingredients of the
turmeric plant as shown in Fig. (2a and b) [14]. Despite being
considered a common cooking spice turmeric exhibits healing,
antioxidant, anti-inflammatory, anti-cancer, and anti-amyloid
properties [29-33]. However, since Vedic times, its medicinal
properties have been documented to be used in the Ayurveda,
Siddha, and Unani systems of medicine.
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Fig. (2). The phytochemically active chemical structure of curcu-
min (a) ar-Tumerone, and (b) curcumin.

Curcuminoids (2-9% present) are the primary active
compounds responsible for the medicinal potential of turmer-
ic. Curcuminoids include curcumin (77%), demethoxycur-
cumin (17%), and bis-demethoxycurcumin (3%) as the main
active phytochemicals [34-36]. The mode of action of cur-
cumin is pleiotropic [37]. Since the accumulation of AP is
the primary hallmark of Alzheimer’s disease [28]. Curcumin
focuses on the two histology indicators of AD, i.e., Tau and
AB. Studies have found that curcumin doses ranging from
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0.1 to 1.0 M had disaggregated fibrillar Ap40, inhibited
AP40 aggregation inside the brain, and prevented the devel-
opment of AB42 oligomers [29, 30, 38, 39].

In another in-vivo study, Alzheimer transgenic APPSw
mouse model (Tg2576) showed that expression of proin-
flammatory cytokine IL-1fB and the astrocytic inflammatory
marker GFAP were significantly reduced at 160 ppm dose of
curcumin [40]. The plaque burden was also decreased along
with insoluble and soluble amyloids. The low dose of cur-
cumin reduces the production of AR plaques and the oli-
gomerization tendency for AP formation in Tg2576 mice’s
brains [38, 41].

Curcumin is a lipophilic substance that can easily cross
the blood-brain barrier [42]. Although, multiple attempts of
research had demonstrated curcumin as a future potential
drug but its absorption through gastrointestinal metabolism
results in its limited bioavailability. Due to its low bioavaila-
bility and poor solubility, curcumin’s principal pharmacolog-
ical properties, such as anti-oxidant, anti-inflammatory, anti-
amyloidogenic, anti-bacterial, and anti-tumor are also limited
[43, 44]. To enhance the bioavailability and solubility of
curcumin, Cur-loaded nanoparticles of various sorts have
been engineered for the treatment of various ailments. The
enhanced curcumin’s biocompatibility and solubility using
different nanoformulations improves its therapeutic potential
and lays the groundwork for more clinical research and ap-
plications [41, 45].

Sun et al., used an anionic polymerization approach to
make Cur-loaded polybutylcyanoacrylate (PBCA) nanoparti-
cles (CUR-PBCN) which exhibit improved curcumin
transport towards the brain. Within 24 hours, CUR-PBCN
had slowly released 75% of the medicine, demonstrating that
nanoparticles show sustained-release capability [46]. Various
mechanisms of action where curcumin can act as a multitar-
get drug is described in Fig. (3).
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Fig. (3). This flowchart shows the diverse mechanisms of action by which curcumin provides neuroprotection against Alzheimer’s disease.
The active compounds inhibit the development and neurotoxicity of A and hyperphosphorylated tau, which are two histology hallmarks of
Alzheimer’s disease. (4 higher resolution/colour version of this figure is available in the electronic copy of the article).
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3.2. Ginkgo biloba

Ginkgo biloba or Maidenhair tree has been used for gen-
erations as a traditional medicine. EGb 761 is a well-defined
product of Ginkgo biloba leaves extract and contains approx-
imately 6% terpene lactones (2.8-3.4% ginkgolides A, B and
C, and 2.6-3.2% bilobalide) and 24% flavone glycosides
(primarily Quercetin, Kaempferol, and Isorhamnetin) as
shown in Fig. (4) [47].
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Fig. (4). The bioactive chemical structure of Gingko biloba extract
Egb761.

The extract EGb 761 obtained from Gingko biloba leaves
helps in enhancing the antioxidant activity of the brain cells
(free-radical scavenging action) which has a role in neuro-
protection. It protects mitochondria through an anti-apoptotic
activity which maintains the integrity of the mitochondrial
membrane and prevents the release of cytochrome c, which
eventually blocks the formation of the apoptosome and the
apoptotic caspase cascade. The active phytochemical com-
pounds present in Ginkgo biloba extracts prevent AP aggre-
gation and amyloidogenesis as shown in Fig. (5). Other po-

Effect on Neurons
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tential pathways for EGb761’°s neuroprotective effects on AD
include ion homeostasis, stimulation of growth factor produc-
tion, and modulation of tau protein phosphorylation [48]. It
was hypothesized that Ginkgo biloba extracts exhibit promis-
ing efficacy against AD by inhibiting amyloid-beta aggrega-
tion [49]. In animals, Ginkgo biloba has been shown to boost
cognitive memory. The effect of 10 mg/kg, 20 mg/kg, or 40
mg/kg Ginkgo biloba extract on long-term reference memory
retention in rats was investigated in a study. It appears to aid
in the acquisition of spatial knowledge [49, 50].

Moreover, in an extensive study, 622 subjects were con-
sidered as control and 41 subjects were 65 years plus in age
were administered with an antioxidant combination of lyco-
pene, polyunsaturated fatty acid (PUFA), and Ginkgo biloba
extract (one dose/day). Over the span of 3 years, the cogni-
tive function of the test and control groups was examined. It
was observed that the antioxidant supplement had improved
cognitive function in the test group [50].

3.3. Withania somnifera (Ashwagandha)

Withania somnifera (WS) is a member of the Solanaceae
family. Alkaloid extract of WS roots is utilized for its calm-
ing effects on CNS, and it also possesses free radical scav-
enging and antioxidant activity. The extracts of WS have the
potential to maintain a healthy immune system [51]. The
ergostane-type steroidal lactones, Withasomniferin A, Dehy-
drowithanolide R, Withasomidienone, withaferin A as shown
in Fig. (6), Withasomniferols A to C, phytosterols Sitoindo-
sides VII to X and beta-sitosterol are among the steroidal
chemicals found in WS extracts [51-53]. Withasomniferols
A is a Withanolide obtained from the roots of WS. It has
been proven to counteract the amyloid -42 induced toxicity
in human neurons [52, 54].
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Fig. (5). The several mechanisms by which Ginkgo extract provides neuroprotection in Alzheimer’s disease. (4 higher resolution/colour

version of this figure is available in the electronic copy of the article).
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Fig. (6). The chemical structure of Withaferin A. It is a lactone
produced from Withania somnifera with anti-inflammatory, im-
munomodulatory, anti-metastasis, and anti-carcinogenic activities.

In AD, AP plaques formation causes neuronal cell death.
This neuronal cell death is blocked by Withanamides present
in WS [55]. Molecular modeling and simulation studies have
shown that the binding of Withanamides A and C to the ac-
tive motif of AB (25-35) suppresses fibril formation [55]. It
was found that axons and dendrites of neurons were greatly
regenerated after continuous treatment with a methanol ex-
tract of Ashwagandha. In addition to cellular regeneration,
Ashwagandha improved mice’s memory by reversing amy-
loid peptide-induced memory loss. Studies have proven that
oral administration of Withania Somnifera extract containing
withanolides and Withanosides have halted the progression
of AD. It also recovers plaque pathology and the develop-
ment of AP peptides and oligomers in the brains of middle-
aged and old-aged APP/PS1 AD transgenic mice [52]. These
above-mentioned studies have proved that Withanolides and
Withanosides can act as potential therapeutic active com-
pounds against AD [54, 55].

Studies have shown that direct peripheral effects of with-
anosides/withanolides on liver lipoprotein receptor-related
protein (LRP) and soluble form of LRP in plasma (sLRP)
have a significant impact on reducing amyloid load. Since
the amyloid deposits are poorly cleared from the brain in AD
which leads to an earlier onset of the familial forms of AD,
therefore, WS can be potentially useful for familial AD
treatment [52].

3.4. Convolvulus pluricaulis (Shankhpushpi)

The methanolic extracts of all four verities namely, Con-
volvulus pluricaulis Choisy, Clitorea ternatea Linn. (CT),
Canscora decussata Schult. (CD) and Evolvulus alsinoides
Linn. (EA), are considered as sources for Shankhpushpi by
Indian practitioners. Shankhpushpi has been used as a nerv-
ine tonic for improving cognitive and memory function [56].

Various secondary metabolites including, flavanol glyco-
sides, triterpenoids, steroids, and anthocyanins, have been
identified as the principle bioactive compounds of the
Shankhpushpi’s isolated extract that is shown in Fig. (7).
These compounds can be responsible for various pharmaco-
logical effects in addition to enhancing cognitive ability [56].
The ethanolic extract of Shankhpushpi enhances the antioxi-
dant activity to a significant level inside brain cells when
tested in-vitro. It functions by scavenging free radicals and
acting as an antioxidant. A recent study shows that it lowers
- AP accumulation in the brain, which protects against
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memory loss in AD [57]. The neuropharmacological based
activity also indicates that E. alsinoides is the most effective
of the four Shankhpushpi types [58]. It also boosts antioxi-
dant enzyme activity and controls tau-induced oxidative
stress by restoring acetylcholinesterase activity [59]. A con-
siderable improvement in passive avoidance learning and
retention was observed in young adult rats that had been in-
cubated with CT aqueous root extract [60]. Age-matched
saline controls and CT-treated rats have shown a significant
increase in dendritic branching points, intersections, and
dendritic processes emanating from the soma of neurons in
the Amygdale area, indicating that CT improves memory
through promoting the functional growth of neurons [61].
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Fig. (7). The chemical structure of Ayapanin isolated from the
sources of Shankhpushpi. It improves scopolamine-induced spatial
memory impairment.

3.5. Tinospora cordifolia (Giloy)

Tinospora cordifolia (TC), also known as Giloy, a mem-
ber of the Menispermaceae family has historically been uti-
lized in Ayurvedic medicine and is referred to as an adap-
togen or rejuvenator. It possesses antioxidant, immunomodu-
latory, anti-inflammatory, antihyperglycemic, antispasmodic,
antiulcer, and many other properties. The putative antistress
benefits of Tinospora cordifolia have recently come to light
in studies involving both humans and animals [62]. TC roots
aqueous extract helps in improving verbal learning and logical
memory [63, 64]. The most plausible antidepressant mecha-
nisms involve the inhibition of the amines inside the brain
from being reabsorbed. In cyclosporine-treated rats, histolog-
ical analysis of the hippocampus revealed that T. cordifolia
protects against neurodegenerative alterations [65, 66].

In mice, extracts of the TC have shown similar anti-stress
properties. According to some studies, when given in combi-
nation with other plants, it improves memory and spatial
learning in rats [65, 67]. Several research groups are working
towards protection against neuroinflammation and oxidative
stress. Different antioxidant compounds have been studied
till now to analyse their potential for protection against neu-
roinflammation and oxidative stress as they are responsible
for altered mitochondrial activity and production of free rad-
icals [67-69].

A recent study has demonstrated an antioxidant and anti-
inflammatory effect of 7. cordifolia leaf extract. The study
has reported the attenuation of NF-kB nuclear translocation
and upregulation of antioxidant enzymes in activated human
monocytic (THP-1) cells [64]. On LPS-activated RAW264.7
cells, the aqueous extract of 7. cordifolia dramatically de-
creased the gene expression of inflammatory cytokines like
IL-1PB and TNF-a, hepcidin, as well as NO production. Tino-
sporaside (shown in Fig. 8) was detected by HPLC analysis,
which is likely to have contributed to 7. cordifolia’s ability
to reduce inflammation [63].
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Tinosporide

Fig. (8). The chemical structure of Tinosporide extracted from the
stem of 7. Cordifolia.

3.6. Centella asiatica (Gotu kola)

In Asia, Centella asiatica, a plant belonging to the
Apiaceae (Umbelliferae) family, has been utilized as a tradi-
tional medicine for more than 2000 years. The whole plant
and its extract, including the ethanolic and aqueous extracts,
of C. asiatica have both been discovered to possess a multi-
tude of therapeutic properties and biological activities.
Triterpenoids, such as Asiatic acid and Asiaticoside as
shown in Fig. (9), make up the majority of the active com-
pounds of C. asiatica ethanol extract (CAE) [70]. It possess-
es excellent antioxidant capabilities for activating the antiox-
idative defence system inside the brain, reducing Fe3+, and
scavenging 2,2-diphenyl-1-picrylhydrazyl (DPPH) [71, 72].
It also reduces lipid peroxidation and protects against DNA
damage.

Asiaticoside

Fig. (9). The bioactive chemical structure of Asiaticoside isolated
from Centella asiatica extract.

According to Ayurveda, C. asiatica is a renewing plant
for neurons and other brain cells that can boost intelligence
and memory [73]. Its compounds were discovered to have a
protective effect against AB-induced neurotoxicity, which is
linked to AD dementia. The antioxidative defence system in
cells, including the activities of Catalase, Superoxide Dis-
mutase, Glutathione Reductase, Glutathione Peroxidase, and
levels of Glutathione Disulphide, and glutathione is modu-
lated by CAE. It aids in the death of AP cells in vitro, mak-
ing it a promising medicine for the treatment and prevention

Current Neuropharmacology, 2023, Vol. 21, No. 4 769

of AD [74]. Studies have shown that C. asiatica can treat
AD-like diseases in rats by inhibiting hyperphosphorylated
tau (P-tau) bio-synthetic and anti-apoptosis proteins [74, 75].

3.7. Allium sativum Linn. (Garlic)

Allium sativum belonging to the Amaryllidaceae family
has been utilized as a herbal medicine since ancient times.
Aged garlic extract (AGE) is a non-toxic solvent extract of
garlic powder. It is derived from an extended extraction pe-
riod of > 15 months at room temperature. The aging process
converts allicin, an unstable compound is transformed into a
stable substance. It contains two key compounds Di-allyl-
disulfide (DAD) and S-allylcysteine (SAC) as shown in Figs.
(10a and b) [76, 77]. Additional phytochemicals found in
AGE include Allixin, Ajoene, Polyphenols, Thiosulfinates,
and fFavanoids [78, 79]. Recently, there has been some atten-
tion to the possibility of AGE to improve cognitive impair-
ment. In AD A induces the expression of the GRP-78 thus
potentiates the ER stress-induced neuronal death. The SAC
component of AGE was found to have a strong neuroprotec-
tive impact on ER stress-induced neuronal death [80, 81].
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Fig. (10). The bioactive chemical structures isolated from A/lium
sativum. (a) S-allyl-L-cysteine (SAC), and (b) di-allyl-disulfide
(DAD).

It was found that AGE had slowed the progressive degra-
dation of hippocampal-based cognitive activities by reducing
the accumulation of cerebral AP [76]. As cognitive impair-
ment is a typical pathology in AD, and AGE has greatly re-
duced cognitive impairment in rats by enhancing working
memory and reference memory [77]. Fresh garlic extract
can defibrillate AP fibrils. After 2-3 days of incubation, the
highest defibrillation was detected. The anti-amyloidogenic
activity of the boiled aqueous garlic extract was retained,
indicating that the anti-amyloidogenic activity of the garlic
extract isnon-enzymatic in nature [82]. As a result, Allium
sativum is potentially a helpful substance, that can be uti-
lized to treat AD, as shown in Fig. (11). Ingesting garlic on
daily basis may also suppres the accumulation of A inside
the human brain.

3.8. Ocimum sanctum (Tulsi)

Ocimum sanctum belongs to the Lamiaceae family and
has been utilized in Ayurveda since ancient times due to its
diverse healing properties. O. sanctum is considered the ‘In-
comparable one’ herb of India, and has been cherished for its
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Fig. (11). There are several mechanisms by which S-allyl-cysteine (SAC) provides neuroprotection against Alzheimer’s disease. (4 higher
resolution/colour version of this figure is available in the electronic copy of the article).

healing capacity. The chemical composition of O. sanctum is
intricate and includes numerous nutrients and biologically
active compounds.

There are numerous biologically active phytochemicals
present in holy basil’s stem and leaves, including Triterpe-
noids, Saponins, Tannins, and Flavonoids [83]. The phenolic
group that contains active compounds, exhibits anti-
inflammatory and antioxidant activities are apigenin Fig.
(12a), rosmarinic acid Fig. (12b), Isothymusin, Isothymonin,
and Cirsimaritin. The hypercholesterolemia-induced erythro-
cyte lipid peroxidation activity was inhibited in male albino
rabbits after treating them with an aqueous extract of O.
Sanctum in a dose-dependent manner [84]. Additionally, oral
feeding significantly reduces the peroxidative damage in-
duced by Hypercholestrolemia to the liver and aortic tissue.
The compounds that have been extracted from O. sanctum
aqueous extract are Civsimavatine, Eugenol, Civsilineol, and
Apigenin, which were studied for their cyclooxygenase in-
hibitory activity or anti-inflammatory activity [85]. In a
study, linoleic acid, which is present in varying amounts in
the fixed oil of various O. sanctum species, is able to block
both the lipoxygenase and cyclooxygenase pathways of ara-
chidonate metabolism and could be useful in reducing in-
flammation [86].

A study was conducted to analyse the potential of O.
sanctum extract as an anti-amnesic and nootropic agent in
mice [87]. The amnesic response of mice towards scopola-
mine (0.04 mg/kg), diazepam (1 mg/kg), and aging were
reduced by an aqueous extract of the entire plant of O. sanc-
tum. The comparison of control (piracetam-treated), scopol-
amine, and elderly groups of mice has shown a significant
lowered transfer latency and increased step-down latency
when treated with O. sanctum extract. Therefore, preparation
of O. Sanctum might be useful for treating cognitive disor-
ders, including AD and dementia. The production of choline
acetyltransferase (ChAT) can be induced and maintained in

human Cerebral Microvascular Endothelial Cells (HCMECs:)
by an ethanolic extract from O. sanctum [88, 89]. Therefore,
it may be a candidate for a neuroprotective substance, but a
lot of in vitro research is still required. In human cerebral
microvascular endothelial cells (HCMECs), an ethanolic
extract from O. sanctum can induce and sustain the produc-
tion of Choline Acetyltransferase (ChAT) [86, 88, 90]. Thus,
it can be a candidate for neuroprotective substance but fur-
ther in vitro studies are needed.

OH

o)
HO
o o
HiC =
HO
OH

(b) Rosmarinic acid

(a) Apigenin

Fig. (12). The bioactive chemical structures isolated from Ocimum
sanctum. (a) Apigenin, and (b) Rosmarinic acid.

3.9. Zingiber officinale (Ginger)

For ages, ginger (Zingiber officinale Roscoe) has been
utilized in Indian spices and for a variety of therapeutic uses
[91]. Ginger extracts (GE) have anti-inflammatory effects
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[92-94]. Inflammation plays a key role in the etiology of AD,
prompting researchers to investigate the use of anti-
inflammatory drugs for the treatment of the disease. A recent
study has discovered that a mixture of ginger extracts from
Zingiber officinale Roscoe, and Alpinia galanga can prevent
THP-1 cells from being activated by TNF, IL-1, LPS, and
AP [95]. In a molecular dynamic simulation-based study of
ginger, its two components, referred to as Moll and Mol2
were identified as potential natural inhibitors of HsSAChE
(acetylcholinesterase), and it was proved to be just as effec-
tive as the current medicine of choice(donepezil) for the
treatment of AD [96]. The suppression of many inflammato-
ry response markers by GE shows that this herbal prepara-
tion could be a promising drug for AD. Many interesting
pharmacological and physiological functions of gingerols
(structure shown in Fig. 13) and shogaols have been docu-
mented, including antipyretic, cardiotonic, chemopreventive,
anti-inflammatory, and antioxidant capabilities [91, 97].

HO

HO

OH

CH;
Gingerol

Fig. (13). The bioactive chemical compound gingerol is isolated
from ginger.

3.10. Cinnamon zeylanicum (Cinnamon)

Cinnamon belongs to the Lauraceae family and its im-
portant active compounds are made up of cinnamaldehyde
and a flavonoid. So far, the main phenolic chemicals isolated
from Cinnamon have been catechin and epigallocatechin
gallate (EGCQ) as shown in Figs. (14a and b) that can cross
the bloodbrain barrier and can target all the three AD hall-

OH

OH
(b) Catechin

(a) Epigallocatechin gallate

Fig. (14). The phytochemically active chemical structure of (a)
epigallocatechin gallate, and (b) Catechin isolated from Cinnamon.
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marks i.e., inhibition of the aggregation of AP, inhibition of
tau hyperphosphorylation and degradation of plaques [98-
100]. Cinnamon reduces the production, accumulation, and
toxicity of AP plaques in PC12 neuronal cells. In AD fly
models, the inhibitory effects are similar [99]. It also aids in
tau phosphorylation inhibition and acetylcholinesterase ac-
tivity suppression. It inhibits the generation of intracellular
ROS and the expression of pro-inflammatory cytokines such
as NF-kB, IL-6, and TNF [101, 102].

3.11. Azadirachta indica

Azadirachta indica (Neem) is an evergreen tree found
throughout in India and its neighbouring countries. Neem is
derived from the Sanskrit word Nimba which means - Na-
ture’s Drugstore’ or Panacea. More than 300 chemically di-
verse phytochemicals have been isolated from neem. The
major phytochemicals present in neem are Glycoproteins,
Triterpenes, Limonoids, Flavonoids, Phenols, Tannins,
Nimbins, Saponins, Catechins, Azadirachtin, and Gallic acid
[103-109].

An experimental study on rats performed by Maiti et al.
showed that 4. indica Pre-treatment increased the number of
ambulations comparable to diazepam. Their study also sug-
gested the antidepressant activity of this medicinal plant
[110]. In another experiment, limonoids extracted from the
neem fruits decreased the extensive aggregation of tau in
vitro and led to the formation of thin, short, and fragile ag-
gregates. Limonoids reverted tau-mediated toxicity at 1uM
concentration and were also able to overcome oxidative
stress [111].

Table 1.  List of various etiological hypotheses and their char-
acteristic features related with Alzheimer’s disease
(AD) progression.
EthlOglCi’l Characteristic Features References
Hypothesis
AP peptides deposit as senile plaques,
AP cascade intraneuronal neurofibrillary tangles [112-114]
(NFTs), neurodegeneration
Tau hypothesis Neurofibrillary tangles, impairment of [115]
axons of neurons
Inﬂamman‘on Reactive gliosis and neuroinflammation | [116, 117]
hypothesis
Chlohn‘e rgic and Cholinergic neurons are damage, cellular
oxidative stress S [118,119]
. oxidative stress
hypothesis
CONCLUSION

Alzheimer’s disease (AD) is a global health concern due
to its rising cases. It causes cognitive impairment and neuro-
degeneration. A number of evidence collected through clini-
cal, animal, and in vitro studies indicates that the herbal
plants reviewed in this research article help in neurogenesis
and have many other therapeutic benefits. Traditional medi-
cines with a strong knowledge base combined with modern
science and techniques, help in improving the formulations
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that may be employed in drug development against AD and
other neurogenerative diseases.

FUTURE PROSPECTS

Hypertension, depression, and neurodegenerative illness-
es are growing at a tremendous and alarming rate while their
treatment is often expensive, has side effects, and is general-
ly ineffective. There is a need to investigate our traditional
herbs to generate efficient antidisease medicines. The phy-
tochemicals mentioned in this review can be used as a poten-
tial drug against AD, as some of these molecules have shown
clinically positive results in the suppression of AD. Since
multiple factors are involved in the development and pro-
gression of AD, hence a considerable shift from a single-
target drug development approach to a multi-target drug de-
velopment approach would result in a more effective drug
development strategy, and herbal compounds are best fitted
for such circumstances. In that case, herbal plants will un-
doubtedly produce promising results as they have been prac-
ticed since ancient times, they are least likely to have any
side effects, and they will also be cost-effective. The novel
functional identification for AD could be beneficial in the
future.
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