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ABSTRACT

Alzheimer’s disease (AD) is a complex neurodegenerative disorder associated with aging process of unknown
etiology. It is characterized by cognitive impairment like amnesia, depression, schizophrenia with poor learning
and memory. Currently, there is no cure for AD, although drugs (tacrine, donpezil, rivastigmine and galantamine)
improve symptoms of this condition, but are associated with severe unacceptable side effects. Plants have been
shown to possess antioxidant, anticholinesterase and neuroprotective properties which are beneficial for treatment
of this neurodegenerative disease. The present review describes some important plants / phytochemicals
possessing active ingredients beneficial for the treatment of AD.
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INTRODUCTION

Alzheimer’s disease (AD) originally defined as pre-
senile dementia, means an acquired organic mental
disorder with loss of intellectual abilities of sufficient
severity to interfere with social or occupational
functioning. It is associated with brain shrinkage and
localized loss of neurons, mainly in the hippocampus and
basal forebrain. Although other neurotransmitters decline
during Alzheimer’s-associated neurodegeneration, the
degree of brain acetylcholine (ACh) reduction directly
correlates with deterioration of cognition and of daily
activity in AD patients. Since deficits in cholinergic
function contribute to the pathology of Alzheimer’s
disease, attempts to delay the progression of the illness
and improve patients’ daily activities are based on
pharmacological strategies to increase ACh levels by
means of anti-cholinesterasic agents. Two microscopic
features are characteristic of the disease namely extra
cellular amyloid plaques consisting of amorphous
extracelluar deposits of fp-amyloid protein and
intranuronal neurofibrillary tangles, comprising filaments
of phosphorylated form of a microtubule associated
protein." It primarily affects elderly population and is
considered to be responsible for about 60% of all
dementia in people aged over 65 years. Due to its
debilitating nature, an enormous social and economic
burden is placed on the society. The significance of AD
is further compounded as the number of identified cases
is estimated to double or triple by 2050. Currently
several acetylcholinesterase inhibitors, such as donepezil,
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galantamine etc. are available for the symptomatic
treatment of patients with mild to moderate AD.
Although acetylcholinesterase inhibitors was the most
widely used medication in Alzheimer’s discase
treatment, some report propound that
acetylcholinesterase inhibitors have inclement side
effects such as anorexia, diarrhoea, fatigue, nausea,
muscle cramps as well as gastrointestinal,
cardiorespiratory, genitourinary and sleep disturbances.
This condition led the researchers in obtaining new
acetylcholinesterase inhibitors with higher efficacy,
improved bioavailability and reduced side effects,
particularly from natural sources. This article describes
some plants and their extracts, phytochemicals exhibiting
beneficial pharmacological properties relevant to AD
therapy.

METHODS

Data Collection: The data for present review was
collected form internet, online journals and from various
Ayurvedic texts like database on medicinal plants used in
Ayurveda, central council for research in Ayurveda and
Sidha, Department of ISH & H, Ministry of Health &
Family Welfare, Govt. of India, New Delhi, Volumes 1-
8, Reviews on medicinal plants, Volumes 1-9 (ICMR,
New Delhi). Most of the papers reviewed herein
pertinent to herbal medicine research were published in
internationally recognized peer reviewed journals. Some
of the medicinal plants / extracts and their isolated active
phytochemicals reported to be useful for the prevention

153




Goyal et al.

and treatment of neurodegenerative disorders particularly
Alzheimers disease are:

1. Acorus calamus L. (Araceae) commonly known as
sweet flag is a semi-aquatic, perennial, tuberous herb,
with creeping rhizomes, sword shaped leaves, having a
long history of medicinal use in different healthcare
systems worldwide, and particularly in Indian herbal
traditions. A. calamus essential oil and its major
phytoconstituent, p-asarone, have been reported to
possess  significant  acetylcholinesterase ~ (AChE)
inhibitory activity in vitro.l'! p-asarone has also been
shown to possess capability of suppressing neuronal
apoptosis in the beta-amyloid hippocampus injection in
rats by attenuating amyloid B1-42-induced neuronal
apoptosis in hippocampus by reversal down-regulation of
Bcl-2, Bcl-w, caspase-3 activation and c-Jun N-terminal
kinase (JNK) phosphorylation.® Ethonolic extract of A.
calamus has significant effect against scopolamine
induced Alzheimer in albino Wistar rats by regulating
AchE activity and free radical scavenging activity.

2.Bacopa monnieri (Scrophulariaceae), commonly
known as Brahmi is a small, annual, creeping, spreading,
succulent herb with numerous prostrate branches, each
10-30 cm long, rooting at the nodes with small fleshy,
oblong leaves. B. monniera has been reported to reverse
(@) depletion of acetylcholine, (b) reduction in choline
acetyltransferase activity, and (c) decrease in muscarinic
cholinergic receptor binding in rat frontal cortex and
hippocampus.™® B. monniera extract protected neurons
from beta-amyloid-induced cell death by suppressing
cellular acetylcholinesterase activity.™ B. monnieri has
been shown to reduce beta-amyloid deposits in the brain
of animal models of AD.' The alcoholic extract of B.
monnieri inhibited cholinergic degeneration and
displayed a cognition-enhancing effect in male Wistar rat
model of AD induced by ethylcholine aziridinium ion.™**!

3.Biota orientalis L (Cupressaceae) is an evergreen
plant that grows mainly in Sourth East Asia. A
pinusolide derivative isolated from B. orientalis leaves,
15-methoxypinusolidic acid, is reported to prevent
glutamate-induced excitotoxicity in primary cultured rat
cortical cells in vitro.

4.Celastrus  paniculatus ~ Willd.  (Celastraceae),
commonly known as black-oil tree, is a large, woody,
climbing shrub, distributed almost all over India up to an
altitude of 1800 m. Badrul and Ekramul 2011M had
tested crude methanolic extract of the seeds of C.
paniculatus along with its organic soluble fractions for
their possible antioxidant and antialzheimer activity in
vitro and found that the extract possessed antioxidant and
moderate anticholinesterase activity.

5.Centella asiatica (L) Urban (Umbellifere, Apiaceae),
commonly known as Gotu kola, is a clonal, perennial
herbaceous creeper native to Asia and Australia which
grows in moist places up to an altitude of 1800m. It is a
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tasteless, odourless plant that thrives in and around
water. The leaves and other parts of the plant are used in
cooking and for various medicinal purposes. Asiatic acid
isolated from C. asiatica as well as withanolide A (from
withania somnifera) positively modulate multiple targets
associated with p-amyloid pathways and thus may be
beneficial in attenuating p-amyloid levels in Alzheimer’s
disease by decreasing B-amyloid production and by
increasing B-amyloid degradation."®! Polyphenols and
triterpenes from C. asiatica are useful detoxifying agents
that decrease lipid peroxidation & enhance brain
antioxidants, and are thus neuroprotective in nature.
Aqueous extract of C. asiatica attenuated B-amyloid-
associated behavioral abnormalities in the Tg2576
mouse, a murine model of AD. In vitro, agqueous extract
of C. asiatica protected SH-SY5Y cells and MC65
human neuroblastoma cells from toxicity induced by
exogenously added and endogenously generated B-
amyloid, respectively.’”7 Chen et al 20151 has
attributed the protection mediated by ethanol extract of
C. asiatica against aggregated B-amyloid-induced
neurotoxicity to modulation of the antioxidative defense
system in cells, including the activities of superoxide
dismutase, catalase, glutathione peroxidase, glutathione
reductase, and levels of glutathione and glutathione
disulfide by ethanol extract of C. asiatica and thus,
emphasized the potential therapeutic and preventive
value of C. asiatica in the treatment of AD.

6. Coptis chinensis Franch (Ranunculaceae), commomly
known for ‘Huang Lian’ is an evergreen perennial plant.
Rhizoms of C. chinensis and its isolated alkaloids are
reported to possess a variety of activities, including
neuroprotective and antioxidant effects. Zhu and Qian,
2006"% has demonstrated that intragastric administration
of berberine (50 mg/kg), a natural isoquinoline alkaloid
isolated from this plant, once daily for 14 days
significantly ameliorated the spatial memory impairment
in the rat model of AD. Various alkaloids derived from
this  plant  (berberine, palmatine, jateorrhizine,
epiberberine, coptisine, and groenlandicine) have been
reported to possess strong potential for inhibition and
prevention of AD mainly through both cholinesterases
and p-amyloids pathways, and additionally through
antioxidant capacities. In particular, groenlandicine
possessed a promising anti-AD agent due to its potent
inhibitory activity on both cholinesterases and f-
amyloids formation, as well as marked peroxynitrite
scavenging and good reactive oxygen species inhibitory
capacities.®™  Berberine significantly ameliorated
learning deficits, long-term spatial memory retention, as
well as plaque load compared with vehicle control
treatment in TgCRND8 mice, a well established
transgenic mouse model of AD. In addition, enzyme-
linked immunosorbent assay (ELISA) measurement
showed that there was a profound reduction in levels of
detergent-soluble and -insoluble PB-amyloid in brain
homogenates of berberine-treated mice. Berberine also
significantly inhibited glycogen synthase kinase 3, a
major kinase involved in amyloid precursor protein
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(APP) and tau phosphorylation and significantly
decreased the levels of C-terminal fragments of APP and
the hyperphosphorylation of APP and tau via the
Akt/glycogen synthase kinase 3 signaling pathway in
N2a mouse neuroblastoma cells expressing human
Swedish mutant APP695 (N2a-SwedAPP). 12!

7.Curcuma longa L (Zingiberaceae, the ginger family)
commonly known as turmeric, is a sterile plant and does
not produce any seeds. The plant grows up to 3-5 ft tall
and has dull yellow flowers. The underground rhizomes
or roots of the plant are used for food and medicinal
purposes. A cross-cultural study of India and the United
States of America found that the Indian population aged
between 70-79 years had a 4.4 time lower prevalence of
AD compared to the same population in the USA.[?3
Lower incidence of AD in part has been attributed to
increased consumption of curry, and thus curcumin in
India. Further, other epidemiological studies in India, a
country where turmeric consumption is widespread,
suggest it has one of the lowest prevalence rates of AD in
the world.”®* 2 To further substantiate this, one more
study reported improved cognitive function among
populations that consume curry, containing curcumin, on
a regular basis than those who don’t.” Yang et al.
2005 has shown that curcumin directly binds small B-
amyloid species to block aggregation and fibril formation
in vitro and in vivo, suggesting that low dose curcumin
effectively disaggregates AP as well as prevents fibril
and oligomer formation, supporting the rationale for
curcumin use in clinical trials for preventing or treating
AD.

8. Galanthamine, an alkaloid of Galanthus nivalis,
(common known as snowdrop) and several other
members of the Amaryllidaceae family. All species of
Galanthus are perennial, herbaceous plants that grow
from bulbs. Galanthamine is a long-acting, selective,
reversible and competitive inhibitor of
acetylcholinesterase and an allosteric modulator of the
neuronal nicotinic receptor for acetylcholine.l?”%!
Galanthamine hydrobromide has superior
pharmacological profiles and higher tolerance as
compared to the original AChE inhibitors, physostigmine
or tacrine.” After establishing the effectiveness of
galanthamine in preclinical trials for AD, a large humber
of clinical studies were carried out to see its beneficial
effects in the diseased patients. From all the clinical
trials, it was predicted that galanthamine was specifically
effective in patients with mild AD by improving
cognition in patients with mild AD.B! After the
successful clinical trials, it was first launched in market
as “NIVALIN” in 1996 by Sanochemia Pharmazeutika
of Austria for treatment of AD, and later as “REMINYL”
in many countries such as Argentina, Australia, Belgium,
Canada, Denmark, France, Germany, Greece, Italy, U.S.
etc. from 2000 to 2003.%! Nowadays, galanthamine is
marketed under the name ‘“Razadyne”. which was
approved in 2001 by FDA.
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9. Ginkgo biloba L (Ginkgoaceae) A tree with pyramidal
form, reaching a height of 30 m; leaves petiolar, lamina
fan-shaped, bilobed; dioecious; mature seeds orange
coloured and are about the size of an apricot. G. biloba is
currently the most investigated and adopted herbal
remedy for cognitive disorders and AD.P" It is looked as
polyvalent agent with a possible therapeutic use in the
treatment of neurodegenerative diseases of multifactorial
origin, such as AD. The extract of G. biloba leaves
(EGb761) has been standardized to contain 24%
flavonoid glycosides (containing quercetin, kaempferol,
isorhamnetin etc.), 6% terpenoids (in which 3.1% are
ginkgolides A, B, C, and J and 2.9% is bilobalide), and
5-10% organic acids. Bastianetto et al. 200027 has
demonstrated that EGb761 is able to completely protect
rat hippocampal primary cultured cells, the area severely
affected in AD, against beta-amyloid and H,0, induced
toxicity and apoptosis. A number of other studies have
indicated that EGb761 protects against Ap-induced
neurotoxicity by blockade of AB-induced events, such as
ROS accumulation, glucose uptake, mitochondrial
dysfunction, activation of AKT, JNK and ERK %
pathways and apoptosis.***! In addition to the protective
effects against AP, EGb761 has also been shown to
prevent amyloidogenesis.**! Canevellia et al. 2014[36]
has suggested that G. biloba may provide some added
cognitive benefits in AD patients already under
cholinesterase inhibitors treatment.

10.Huperzia serrata (Huperziaceae)- A traditional
Chinese medicine has attracted intense attention since its
marked anticholinesterase activity was discovered by
Chinese scientists. Huperzine A, a sesquiterpene alkaloid
isolated from H. serrata has been marketed in China as a
new drug for AD treatment. Huperzine A inhibited
acetylcholinesterase and protects the neuronal cells
against the protein 3-amyloid, offering a good alternative
for treatment of AD.F"!

11.Magnolia officinalis (Magnoliaceae), commonly
known as Houpu in Chinese, a deciduous tree growing to
20 m in height is native to the mountains and valleys
of China at altitudes of 300-1500 m. Lee et al. 2010
has demonstrated that oral pretreatment of ethanol
extract of M. officinalis (2.5, 5 and 10 mg/kg) and its
major active constituent, 4-O-methylhonokiol (1 mg/kg),
into drinking water for 5 weeks suppressed AB1-42 (0.5
pg/mouse, i.c.v.)-induced memory impairments. 4-O-
methylhonokiol has also directly inhibited B-Secretase
activity and AP fibrilization in vitro. Thus, ethanol
extract of M. officinalis might be useful for treating AD.
Oral pretreatment of ethanol extract of M. officinalis has
also been reported to inhibit memory impairment and Ap
deposition in the brain of Tg2576 mice and decreased
activity of [-secretase, cleaving AP from amyloid
precursor protein (APP).E

12.Ptychopetalum olacoides Benth (Olaceae)- A small

tree native of Amazon region of Brazil where it is
commonly known as muirapuama, is used to treat
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chronic neurodegenerative conditions of nervous system.
Alcoholic infusions are prepared from the roots of P.
olacoides to treat nerve weakness by Amazonian Indians.
Clerodan-type diterpenoids present in this plant showed
nerve growth factor potentiating activity on PC-12 cells
(in vitro) in a dose dependent manner suggesting that
they may be useful for developing drugs for treatment of
neurodegenerative diseases such as AD.[*"!
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