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Abstract

The majority of the population in Bangladesh uses traditional plant-based medicines to manage various ailments, including
central nervous system (CNS) disorders. This review presents ethnobotanical information and relevant scientific studies on
plants used in traditional healthcare for the management of various CNS disorders in Bangladesh. The information on the
medicinal plants of Bangladesh effective against CNS disorders published in scientific journals, books, and reports was com-
piled from different electronic databases using specific key words. The present article provides comprehensive information
on a total of 224 medicinal plant species belonging to 81 families used for the treatment of CNS disorders by the various
peoples of Bangladesh. In total, we reviewed more than 290 relevant papers. In this study, leaves were found as the most often
used plant organ, followed by roots, fruits, whole plants, barks, seeds, stems, rhizomes, and flowers. The Fabaceae family
contributes the highest number of used species, followed by Rubiaceae, Lamiaceae, Cucurbitaceae, Vitaceae, Euphorbiaceae,
Malvaceae, and Zingiberaceae. The most frequently used species (in decreasing order) are Asparagus racemosus, Centella
asiatica, Stephania japonica, Aegle marmelos, Coccinia grandis, Tabernaemontana divaricata, Bacopa monnieri, Abroma
augusta, and Scoparia dulcis. This review may serve as a starting point for a rational search for neuroactive natural products
against CNS disorders within the Flora of Bangladesh.
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Abbreviations

CAM Complementary and alternative medicine
CNS Central nervous system

FDA Food and drug administration

TBM Traditional Bangladeshi medicine
T&CM Traditional and complementary medicine
WHO  World Health Organization

1 Introduction

The central nervous system (CNS), as an integral part of the
nervous system, is associated with a number of important
functions and mainly consists of the brain and the spinal
cord. A CNS disorder refers to a disease that affects the
structure or function of brain (encephalopathy) or spinal
cord (myelopathy) causing neurological or psychiatric or
neurodegenerative complications. Neuroprotection denotes
strategies to defend the central nervous system (CNS)
against a number of factors such as structural defects, infec-
tions, neuronal injury, autoimmune disorders, tumors, neuro-
degeneration, and others, which may lead to CNS disorders
[1]. In recent years, these disorders are rising due to the
increase of life expectancy, and thus place a tremendous
burden on families and social economies. A new report from
the World Health Organization (WHO) shows that neuro-
logical disorders affect up to one billion people worldwide,
among them 6.8 million people die every year. In addition,
the prevalence of CNS disorders is around two times higher
in developing countries than in the developed world [2].

Herbal supplements have long played important roles to
treat various neuronal and pathological disorders without or
with limited side effects. During recent years, complemen-
tary and alternative medicine (CAM) has become more pop-
ular worldwide. Many plant species have emerged as herbal
medicines, and their active components have been subjected
to extensive scientific research around the world [3-5]. CAM
or traditional medicines are considered safe and effective in
sensitive and complicated diseases like CNS disorder, while
having less side effects than synthetic compounds [6]. New-
man and Cragg reported that more than two thirds of the
active agents recently introduced into the market have some
relationship to natural sources and only 30% of new chemi-
cal entities used as medicines are of purely synthetic origin
[7]. The knowledge of ethnobotany therefore continues to
provide a valuable starting point for many successful drug-
screening projects [8].

Also in western societies, there has been an increasing
interest in herbal medicines, which are often perceived as
more ‘natural’ and ‘softer’ treatments compared to synthetic
drugs [9]. Drug discovery based on traditional knowledge
has been termed ‘reverse pharmacology’; in this approach,
drug candidates are first identified based on large-scale
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usage in the population before initiating clinical trials. This
approach can cut the time span, needed for drug discovery,
from on average twelve years (classical approach) to five
years or even less (reverse pharmacology); the latter has the
additional advantage of far lower development costs [10].

Traditional knowledge of medicinal plants as a comple-
mentary and alternative therapy has additionally the great
significance for conserving cultural traditions and identities.
Moreover, community healthcare is fostered and interesting
leads for future drug development projects can be found.
From this perspective, ethnopharmacological data of medici-
nal plants on CNS disorders will ease the identification of
important species utilized in traditional medicine. In this
review, we summarize ethnopharmacological knowledge
of all currently known popular CNS active herbal remedies
in Bangladesh. Additionally, we provided more details on
six selected species: Bacopa monnieri, Centella asiatica,
Curcuma longa, Cyperus rotundus, Morinda citrifolia, and
Withania somnifera (author citations for these and all other
scientific species names mentioned in this text have been
consistently omitted from the main body of the text, but are
provided in Table 1). This review on species from Bangla-
desh is intended to stimulate the interest in a deeper evalua-
tion of the mentioned species as potential sources for struc-
turally and functionally novel CNS active drug leads or hits.

The CNS is a complex and sophisticated system, and
today, CNS disorders are categorized and treated consider-
ing critical single or multiple targets. The traditional heal-
ers, particularly herbal medicine practitioners, focus on a
typical category of disease commensurate with their knowl-
edge and experience rather than employing a specific single
biomarker targeted therapy. However, this review highlights
ethnobotanical together with the respective experimental
records focused on broadly categorized CNS disorders. The
reviewed plant species, as a group, have been recommended
against almost all classical types of CNS disorders.

2 Materials and Methods
2.1 Search Strategy

A comprehensive literature study published in journals,
books, and reports was performed to get a systematic over-
view about the medicinal plants used against CNS disorders
in Bangladesh. Various electronic databases were searched,
including Web of Science, SciFinder, PubMed, Science
Direct, Scopus, Springer, Taylor & Francis online, Wiley
online library, and Google Scholar. The following keywords
were employed in combination with Bangladesh: brain,
memory, CNS, neurological disorder, neurodegenerative
disease, psychological disorder, medicinal plants, traditional
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plants, survey of medicinal plants, ethnobotanical survey,
ethnomedicinal survey, and survey of plants acting on CNS.

2.2 Study Selection and Data Extraction

All publications dealing with plant species effective against
CNS disorder have been identified from all of the possible
sources published until the end of July 2020. The search was
limited to literature published in English. The name of the
plant species responsible in the treatment of CNS disorders
has only been extracted among all other uses and species.
For the pharmacological evidence, articles presenting first-
hand research information including clinical, pre-clinical,
ex-vivo, and in-vitro studies were also part of the inclusion
criteria.

3 History and Present Status of Traditional
Bangladeshi Medicine (TBM)

Bangladesh, a tropical South Asian country, harbors a huge
range of biodiversity including numerous medicinal plant
species due to its diverse landscape and pronounced sea-
sonal diversity [11]. Large parts of Bangladesh are covered
by tropical forests featuring heterogeneous ecologic condi-
tions such as fertile alluvial lands, warm and humid climates.
Bangladesh is home to a rich plant diversity with more than
5300 species of higher plants [12]. Around 80% of the popu-
lation of Bangladesh use herbal medicines for their primary
healthcare where plants used in traditional ethnomedicine
constitute a major component [13]. Bangladesh is also home
to 35 indigenous communities living in various, mostly hilly,
remote areas of Bangladesh; these communities contribute
about 2% to the total population of the country. Each of
these communities has a diverse cultural background and
practices their own traditional ethnomedicine for primary
healthcare [14].

4 Distribution of Plant Species and Their
Taxonomy

A total of 224 plant species from 182 genera and from §1
different families were reported to be used against CNS dis-
orders. All recorded plant species are presented in Table 1,
detailing their family, local name(s), life-form, plant part(s)
used, traditional uses, and the available pharmacologi-
cal data supporting their traditional use. The life forms of
the documented species were (in decreasing order) herbs
(24.5%), trees (22.7%), shrubs (20.0%), climbers (9.8%),
forbs/herbs (6.6%), vines (4.9%), undershrubs (4.4%), sub-
shrubs (2.2%), palms (1.7%), ferns (1.3%), and epiphytes
(1.3%) (Fig. 1). Analogous studies from other areas in
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tropical Asia yielded similar results regarding the life form
of the medicinally used species [15-17].

The most often utilized plant parts were leaves (51.3%),
followed by roots (26.3%), fruits (15.6%), whole plants
(14.2%), stems (12.5%), barks (9.3%), seeds, flowers, and
rhizomes; while other parts were only rarely utilized (Fig. 2).
Leaves are very often used in herbal medicine, because they
often contain high amounts of active compounds and are
easy to collect and prepare, and consequently, a larger num-
ber of plant natural product studies are available for leaves
compared to studies concerning other plant organs. In our
survey, roots were the second most frequently used plant
organs, possibly due to their high concentration of bioac-
tive compounds [18]. Regarding botanical systematics, the
families with the highest number of species used against
CNS disorders were the Fabaceae (syn.: Leguminosae; sev-
enteen), Rubiaceae (twelve), Lamiaceae (ten), Apocynaceae,
Cucurbitaceae and Vitaceae (each eight species), Euphorbi-
aceae, Malvaceae, and Zingiberaceae (each seven species),
Araceae, Compositae, Fabaceae, Piperaceae, and Urticaceae
(each five species), Amaranthaceae, Asteraceae, Moraceae,
and Solanaceae (each four species). The remainder of the
medicinally used plant families contributed only one to three
species (Table 1).

According to the fundamental book on the Bangladeshi
Flora [12], the largest five families in Bangladesh are the
Poaceae, Fabaceae, Orchidaceae, Rubiaceae, and Aster-
aceae, respectively. The dominance of Fabaceae and Rubi-
aceae species in treating CNS disorder might amongst other
factors, be explained by the presence of bioactive alkaloids,
flavonoids, and terpenoids in many members of these fami-
lies [19].

5 CNS-Active Natural Products

Numerous plant natural products have been reported to have
beneficial effects on the human CNS. Table 2 presents some
of these natural products and their mechanism of actions.
Two general postulates try to explain why natural products
elicit effects on the human CNS: firstly, due to the connec-
tion of the numerous molecular signaling pathways that are
conserved between the taxa and the systematic actions in
natural product synthesis within plants [20]. The second
hypothesis is that plant natural products exhibit similar
effects on the nervous systems of humans and the most
prevalent natural herbivores, via the same mechanisms [21].

Alkaloids are one of the largest groups of plant natu-
ral products. These compounds usually act as agonists
and antagonists to a variety of neurotransmitter through
direct binding to neuro-receptors and/or by interference
with neurotransmitter metabolism. Plant-derived alka-
loids possess potential therapeutic effects against several
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neurodegenerative disorders (Alzheimer’s disease, Hunting-
ton’s disease, and Parkinson’s disease), epilepsy, schizophre-
nia, and stroke [22].

Phenols are the most widespread and ubiquitous class of
natural products. Besides free radical and reactive oxygen
species scavenging, and metal chelating abilities, phenolic
compounds demonstrate a significant role in various CNS
disorders by direct interaction with neurotransmitter sys-
tems including sedative, anxiolytic, antipsychotic, cognitive
enhancement, cholinergic upregulation, and antidepressant
effects [23].

Saponins are a structurally diverse group of glycosidic
compounds, featuring either pentacyclic triterpenoids or
steroids as aglycones. Saponins have significant neuropro-
tective effects on the attenuation of CNS disorders, such
as stroke, Alzheimer’s disease, Parkinson’s disease, and
Huntington’s disease [24]. In this review, Table 2 displays
a selection of saponins (Fig. 9), which are potentially effec-
tive on brain disorders. Terpenes are a large class of natural
products exhibiting a wide range of effects within the CNS.
Many natural terpenoids have been reported to interact with
the octopaminergic and noradrenergic systems, to inhibit

@ Springer
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Table 2 (continued)

References

Ailments

Mechanism of action

Active compounds

Species name

[259, 260, 291]

Epilepsy, depression, memory loss

cis-9,100ctadecenamide, jujuboside-A, Increase cholinesterase and cholinestera-

Ziziphus mauritiana Lam. (Syn: Ziziphus

setrasferase activity, GABA-binding

jujuboside-B
modulation

Jujube Mill.)

CREB cAMP response element-binding protein; MAPKinase mitogen-activated protein kinases; ERK1/2 extracellular signal-regulated kinase-1/2; NFkappaB nuclear factor kappa of activated B

cells

cholinesterase, and to directly or allosterically bind to the
GABAergic system; all with a relation to disorders like anxi-
ety, insomnia, convulsion, pain, and cognitive deficits [25].

6 Plants, Traditional Medicines, and CNS
Disorder: Globally

Approximately one out of nine human deaths is related to
a nervous system disorder worldwide, and more than 28%
have to live with disability caused by nervous system dis-
order at some stage of their lives [26]. Depression is the
major cause of disability and is globally more frequent than
all other nervous system disorders. The top twenty leading
causes for disability also include anxiety disorders, schizo-
phrenia, autism and Asperger syndrome, Alzheimer’s dis-
ease and other dementias, and illicit drug use [27].

In traditional systems of medicine, plants have been
used to treat a huge number of disorders including nerv-
ous disorder for centuries, because they are easily available
and affordable. The latest global survey of traditional and
complementary medicine (T&CM) shows that significant
momentum has been achieved over the past decade (WHO,
2013). Over 100 million Europeans are currently using
T&CM. Thus, in Europe one fifth of the population regu-
larly use T&CM and the same share is preferring healthcare,
which includes T&CM [28]. It is evident that there are many
more T&CM users in Africa, Asia, Australia, and North
America [29]. Traditional medicines could be a potential
source of novel compounds or phytomedicines/supplements
in the management of nervous disorders. Apomorphine,
galanthamine, lisdexamfetamine, and valproic acid (Fig. 4)
are the first line drugs currently used to treat Parkinson’s
disease, Alzheimer’s disease, attention-deficit/hyperactiv-
ity disorder, and epilepsy, respectively. The active com-
pounds were originally derived from Papaver somniferum
L, Galanthus nivalis L., Ephedra sinica Stapf., and Valeri-
ana officinalis L., respectively. Since the 1950s, the FDA
approved six plant derived drugs (Fig. 4), namely benzat-
ropine (1954) (derived from atropine from e.g. Atropa bel-
ladonna L.), levodopa (1970) [from Mucuna pruriens (L.)
DC.], carbidopa (1975) (from levodopa, e.g. from Mucuna
pruriens), pergolide (1988) [from ergot alkaloids from, e.g.
Claviceps purpurea (Fr.) Tul.], melevodopa (1993) (from
levodopa from, e.g. Mucuna pruriens), and apomorphine
(2004) (from morphine from e.g. Papaver somniferum) to
treat Parkinson’s disease. A report showed that by the end
of 2013, the FDA had approved 307 natural products and
natural product derivatives from plants, bacteria, fungi, and
marine organisms, respectively. These comprise 21% of all
approved new chemical entities [30].

@ Springer
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7 Plants, Traditional Medicines, and CNS
Disorder: in Bangladesh

In a global study, Bangladesh has been ranked 133™ among
195 countries regarding personal healthcare access and
quality [31]. In Bangladesh, over six million people experi-
ence depressive disorders and almost seven million people
are suffering from anxiety disorders [32]. It is estimated
that more than ten thousand people are dying every year
by suicide in the country [33]. Most of the nervous system
disorders are chronic and polygenic in nature. The develop-
ment of more effective treatments, for example in schizo-
phrenia and depression, based on selective drugs for single
molecular targets has been largely unsuccessful [34]. Hence,
multi-targeted therapeutic approach of nervous system disor-
ders employing traditional medicine is often advantageous,
easier, cheaper, and more cost effective. A handful of eth-
nomedicinal surveys on medicinal plants over different divi-
sions, districts, villages, and even hill tract and tribal areas
of the country revealed that medicinal plants are used to
treat various disorders including nervous system disorders.
Among the medicinal plants used in nervous system disor-
ders Sotamuli (Asparagus racemosus), Thankuni (Centella
asiatica), Akanadi (Stephania japonica), Bel (Aegle marme-
los), Telakucha (Coccinia grandis), Tagar (Tabernaemon-
tana divaricate), Misridana (Scoparia dulcis), Brammishak
(Bacopa monnieri), and Aswagandha (Withania somnifera)
are the most popular herbal medications for nervous system
disorders in Bangladesh (Table 1). Table 1 contains all local
names of the plant species used against CNS disorders in
Bangladesh.

Ulothkombal (Abroma augusta), Apang (Achyranthes
aspera), Halud (Curcuma longa), Noni (Morinda citrifolia),
Sajina (Moringa oleifera), and Mutha (Cyperus rotundus)
are also widely used in the management of CNS disorders.
All of the above-mentioned species have demonstrated their
notable pharmacological activity against nervous system dis-
orders in different experimental models. The experimental
evidence available for Achyranthes aspera, Aegle marme-
los, Asparagus racemosus, Bacopa monnieri, Bryophyllum
pinnatum, Centella asiatica, Clitoria ternatea, Coccinia
grandis, Convolvulus pluricaulis, Curcuma aromatica, Cur-
cuma longa, Datura metel, Euphorbia neriifolia, Hemides-
mus indicus, and Musa sapientum also support the claims
of traditional users (Table 1). In addition, for some of the
species traditionally used in various nervous disorders, no
pharmacological investigations have been performed yet,
including Ghetkaachu (Typhonium trilobatum), Kundri
(Solena amplexicaulis), Lal Chita (Plumbago rosea), Dheki
shak (Lygodium altum), and Kanchan (Bauhinia acuminata)
(Table 1). To cure paralysis, epilepsy, insanity and mental
disorder, and nervous debility are the most often mentioned
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indications among all covered CNS disorders. In contrast,
most experimental evidence so far has been provided for
activity against insanity and mental disorder, memory loss,
and Alzheimer’s disease (Fig. 3).

Traditional medicine and conventional healthcare systems
are offered in separate facilities at secondary and tertiary
levels in nine countries in South-Eastern Asia (Bangladesh,
Bhutan, India, Indonesia, Maldives, Myanmar, Nepal, Sri
Lanka, and Thailand), while all three levels of care are avail-
able in the same health care facilities in South Korea. In
Bangladesh, there are 469 small factories (268 Unani and
201 Ayurvedic) producing traditional drugs worth approxi-
mately US$ 100 million every year [35] (Fig. 4).

8 Evidence-Linked Plants and Active
Metabolites of TBM Effective on CNS
Disorder

Many plant-derived natural products are claimed to have
beneficial effects against CNS disorders. Some pure natural
products derived from the plant species mentioned in this
review, have already been tested as efficacious candidates
against CNS disorders. Table 2 displays these metabolites
with the corresponding disorder, where they were found to
be active. Name and structures of all mentioned plant natu-
ral products from different source species have been sum-
marized in Table 2 and in Figs. 5, 6,7, 8,9, 10, 11, 12, 13,
and 14 (based on chemical compound classes). From all of
the mentioned species, Bacopa monnieri, Centella asiatica,
Curcuma longa, Cyperus rotundus, Morinda citrifolia, and
Withania somnifera have been selected and discussed in
some detail below. The focus of the discussion is on their
impact on nervous system disorders. The species have been
selected based on their widespread use, a large body of
experimental records, and commercial availability. The main
point of giving in-depth records on some selected species
is to show the large potential of such traditional medici-
nal plants both from a medicinal and from a commercial
perspective.

Bacopa monnieri, "Brammishak", a small herb from the
Plantaginaceae family, is distributed mainly in the coastal
area of Bangladesh such as Chittagong, Cox’s Bazar, and
Saint Martin’s island. Brammishak is named after the word
‘Brama’, the mythical ‘creator’ in the Hindu pantheon.
‘Brahmi’, which also means ‘bringing knowledge of the
Supreme Reality’ [36]. The herb was used by ancient Vedic
scholars to sharpen the cognitive functions and is mentioned
as part of many Ayurvedic preparations. Brammishak is
also traditionally used as a green leafy vegetable (shak)
due to its well-known health benefits [37]. The experimen-
tal evidence has proven potent activity of Brammishak on
the regulation of reactive oxygen species, neuroprotection,
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Fig. 3 Comparison of the documented plant species with traditional use and experimental evidence over categorized CNS disorders

acetylcholinesterase (AChE) inhibition, choline acetyltrans-
ferase activation, -amyloid reduction, increased cerebral
blood flow, and monoamine potentiation and modulation
[38]. Brammishak contains triterpenoid saponins called
bacosides. Among the twelve analogs of bacosides, bacoside
A is the best studied and most potent constituent of Bram-
mishak, which additionally includes bacoside A3, bacopa-
side II, bacopasaponin C, and bacopaside X (a jujubogenin
isomer of bacosaponin C) (Fig. 9) [39]. Bacoside A sig-
nificantly inhibit f-amyloid toxicity, fibrillation, improve
memory and cognitive functions, decreased GABA receptors
associated with epilepsy as well as increased the activities of
superoxide dismutase, catalase, glutathione peroxidase, and
glutathione reductase [40, 41]. In a review study on human
trials, Neale et al. [42] compared the nootropic effects of

two neutraceuticals Brammishak and Panax ginseng with
modafinil (a synthetic eugeroic drug); in this comparison,
Brammishak displayed the most consistent and largest effect
of the three tested preparations.

Centella asiatica, "Thankuni", a perennial herbaceous
creeper with kidney shaped leaves belonging to the Api-
aceae family, is distributed throughout Bangladesh in fallow
lands. Thankuni leaf is an ancient Ayurvedic, Unani, and
has been used as a folk medicine in Bangladesh and South
Asian countries for many centuries. The species is used as a
revitalizing herb that supposedly strengthens nervous func-
tion and memory. An aqueous extract of C. asiatica leaves
contributes to improved learning and memory processes by
modulating dopamine, 5-hydroxytryptamine (5-HT), and
noradrenaline systems in rat brains in vivo [43]. This result
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suggested that the polar compounds, for example asiatic
acid present in C. asiatica leaves, may enhance cognitive
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functions by influencing neurotransmitter systems in the
CNS. Further research proved that asiatic acid (triterpe-
noid) (Fig. 8) from C. asiatica down-regulates p-secretase
(BACEL1) as well as up-regulates ADAM10 in primary rat
cortical neurons [44], inhibits induced neurotoxicity of aged
rats [45], attenuates glutamate-induced cognitive deficien-
cies of mice, and protects SH-SYSY cells against glutamate-
induced apoptosis [46], which are all related to potential
routes in Alzheimer’s disease treatment. Asiatic acid from
C. asiatica effectively offered neuro-protection in chronic
Parkinson’s disease by activation of dopaminergic neurons
[47]. Orhan et al. [48] showed that butyrylcholinesterase
inhibitory activity of South Asian C. asiatica is stronger
than from Chinese sources.
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Curcuma longa, "Halud", is a perennial rhizomatous herb
from the Zingiberaceae family and is cultivated all over
Bangladesh and used as one of the main spice. Along with
the protection of memory loss, it contributes to a wide range
of potential medicinal applications because of the presence
of curcuminoids (Fig. 13). Curcumin, an extensively studied
plant natural product isolated from the rhizome of Curcuma

longa has displayed neuro-pharmacological activity against
neuro-inflammation, memory impairment, and different
biomarkers of Alzheimer’s disease and Parkinson’s disease
in vitro and in vivo [49-51]. More importantly, curcumin has
already been clinically evaluated against a few central nerv-
ous system disordersseases. Initially, Rainey-Smith et al.
[52] reported a low efficacy of curcumin against dementia
symptoms. However, recently developed novel curcumin for-
mulations (Longvida® and Theracurmin) ensure a higher
bioavailability, combined with good acute and chronic
activities for both products, even at low doses (80—180 mg/
day) [53]. The study carried out by Burns et al. [54] showed
a marked improvement in a patient trial of Déjérine-Sot-
tas disease, where curcumin was administered for twelve
months in two escalating doses (1500 and 2500 mg/day).
In the curcumin-treated group, it was observed that cur-
cumin decreased IL-1f, TNFa, salivary cortisol levels, and
increased plasma BDNF [55]. Lopresti et al. [56] identified
a significant increase in urinary molecular markers throm-
boxane B2, substance P, baseline plasma endothelin-1, and
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Asiatic acid

Fig.8 Triterpenes 1: ursane derivatives

leptin that can all be related to the antidepressant mechanism
of action of curcumin.

Cyperus rotundus, "Mutha", a perennial herb as well as
an obnoxious weed, is widely distributed in tropical and
subtropical regions, including Bangladesh. This species
traditionally used in the management of paralysis in Bang-
ladesh, and epilepsy in India [57]. Additionally, experimen-
tal evidence showed a potential role in improving memory
and cognition. Rhizomes of C. rotundus possess anti-AChE
activity [58], anticonvulsant properties [59], inhibits mem-
ory loss [60] and pyramidal cell loss. N6brega et al. [61]
reported that terpinen-4-ol (Fig. 5) (contained in the essen-
tial oil of C. rotundus) is effective against convulsion in
behavioral and electrophysiological studies. Azimi et al. [62]
identified a-cyperone from C. rotundus as capable of inter-
actions with tubulin and as a destabilizing agent of microtu-
bule polymerization. This interaction results in reduction of
inflammation, which could be beneficial for the treatment of
inflammatory diseases such as Alzheimer’s disease.

Morinda citrifolia, "Noni", a small tropical tree of the
Rubiaceae family, is native to South Asia and cultivated all
over Bangladesh [63]. All parts of the plant are claimed to
have various pharmacological properties, in particular, the
fruit has a long history of dietary use in tropical regions [64].
In 2002, Noni fruit juice has been recognized as a novel food
in the European Union [65]. Evidence showed that Noni
fruit juice had a preventive effect against cerebral ischemic
neuronal damage in a mice model [66]. Muto et al. [67]
also reported that Noni juice protected mice brains from
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stress induced cognitive dysfunction, predominantly reduc-
ing the blood vessel density caused by stress. The admin-
istration of an ethyl acetate extract of noni fruit increased
serotonin, dopamine, and antioxidant-enzyme serum levels
in mice model with beta-amyloid induced cognitive dysfunc-
tion [68]. The ethanol extract of Noni fruit also improved
memory, brain blood flow, and attenuated oxidative stress,
acetylcholinesterase activity in a mice model [69]. A behav-
ioral test revealed that the administration of the methanolic
extract of Noni fruits decreased the negative effects of her-
oin and alcohol dependence [70, 71]. Despite a number of
experimental evidence related to nervous system disorders,
no specific natural product from this species has so far been
identified and evaluated against nervous system disorders.
Withania somnifera, "Ashwagandha", is an undershrub
commonly used in the traditional medicine of Bangladesh,
naturally occurring in the North Bengal region. Among the
23 species of genus Withania, Ashwagandha is the most
highly valued medicinal plant in traditional medicine and
has been used since more than 3000 years. Various uses of
this species including nervous system disorders (tonic, senile
debility, nervous tension, loss of memory) reflect the ethno-
pharmacological importance. Recent studies also demon-
strated its multiple activities on nervous system disorders,
particularly neuritic regeneration activity [72], neuropro-
tective activity [73], anti-anxiety and anti-depression activ-
ity [74], anti-Parkinson’s activity [75], nootropic and anti-
Alzheimer’s activity [76], and anti-convulsant effects [77].
Roots are the most frequently used parts and the compounds
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isolated from these roots are effective against nervous sys-
tem disorders. For example, withanolide A and withanoside
IV (steroidal lactones) (Fig. 10) attenuated the f-amyloid
(25-35) protein with the hope of enabling Alzheimer’s dis-
ease management [78, 79]. In an in vivo experimental report,
it has been demonstrated that bioactive glyco-withanolides
(Fig. 10) enhanced the activity levels of various antioxidant
enzymes in the frontal cortex and striatum of rats, which
may also be relevant for Alzheimer’s disease therapy [80].

9 Plants Used Against CNS Disorder:
Economical and Botanical Context

Apart from the medicinal benefits, many of the mentioned
species are economically important and cultivated or col-
lected as part of Bangladeshi tradition. Many medicinal plant
species have also other uses such as foodstuff, in cosmetics

R, R, R; R, Rs
H CH=C(CH3), CH,OH H OH
CH=C(CH;), H CH,OH H OH
CH=C(CH;), H H OH H
H CH=C(CH;), H OH H

HO 0
HO
OH
Sitoindoside VII

and hygiene, as additives in different preparations, as part of
rituals, and as medicines for ailments not related to the CNS.

The fruits of many medicinal plant species, including
Aegle marmelos, Citrullus lanatus, Citrus grandis, Phoe-
nix sylvestris, Phyllanthus embelica, Solanum torvum, and
Terminalia chebula, are predominantly used as foods. The
same holds true for various green leaves commonly con-
sumed as vegetables namely, Alpinia nigra, Amaranthus vir-
idis, Bacopa monnieri, Centella asiatica, Coccinia grandis,
Ipomoea aquatica, Moringa oleifera, and Nelumbo nucifera.
Aloe vera, Curcuma longa, Curcuma aromatica, and Santa-
lum album are natural cosmetics used in Bangladesh since
centuries. Spices are substances with pungent and aromatic
properties used to flavor foods or beverages. Cissus repens,
Curcuma longa, Dillenia indica, Kaempferia galanga, Oci-
mum americanum, and Ocimum gratissimum are common
spices used in different curries and beverages. Species used
as ornament (Tabennaemontana divaricata), masticatory
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Fig. 10 Triterpenes 3: steroidal lactones

substances (Achyranthes aspera, Areca catechu, and Piper
betel), aquatic plants (Nelumbo nucifera), and incense plants
(Santalum album) are sometimes included in the manage-
ment of nervous system disorder [37].

10 Future Prospects

Traditional plant-derived medicines are used throughout the
world for a range of nervous disorders and may offer leads
for drug development. In the past, native people around the
world have helped to introduce many plant-derived prod-
ucts currently used to treat nervous disorders. Galanthamine
(Fig. 4), a drug used against Alzheimer’s disease, is a natu-
ral alkaloid and was first isolated from Galanthus nivalis.
Evidence-based and safe use of non-expensive plant-derived
medications against nervous disorders may offer an enor-
mous public health benefit, particularly for low-income
countries. Research showed that fruit juice of noni (Morinda
citrifolia, a traditional medicine of Bangladesh) has more
inhibitory effects on hydrocephalus-induced degenerative
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disorders than memantine, a synthetic drug used against
Alzheimer’s disease [81]. However, most of the pharma-
cological investigations carried out on the properties of the
above-mentioned plants are only on a preliminary level. In
addition, plant natural product as well as pharmacological
potentials of many species mentioned in this review have not
been scientifically examined at all yet.

It is therefore of pronounced interest to perform in-depth
phyto-pharmacological assessments of traditionally used
species to reveal potential new applications. This will addi-
tionally lead to a better understanding of traditional knowl-
edge and clinical observations. For example, acteoside
(Fig. 12) previously isolated from Clerodendrum infortu-
natum [82] and recently has been proved as an efficacious
natural product against neurocytotoxicity, cognitive deficit,
and neurochemical disturbances [83]. On the other hand,
semisynthetic modifications of old and new natural com-
pounds may yield substances for therapy, which are more
effective than the genuine natural products they are derived
from. One notable example is rivastigmine, which is more
active than physostigmine (Fig. 4) (originally isolated from
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Fig. 13 Diphenylheptanoids
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Physostigma venenosum Balf.) in the treatment of Alzhei-
mer’s and Parkinson’s disease. Moreover, the multifactorial
nature of Alzheimer’s disease suggests that a multi-targeted
therapeutic approach might be more advantageous than
single target drugs and combination therapies. This review
shows that Bacopa monnieri, Citrus grandis, Piper betel,
and Withania somnifera have an interesting activity against
different biomarkers of Alzheimer’s disease and have distinct
mechanism of action (Table 2). A combined therapy of these
species or their bioactive natural products may contribute
to an all-encompassing treatment strategy for Alzheimer’s
disease. At the same time, combinatory herbal therapy could
be more beneficial for those who are suffering from multiple
nervous disorders.

11 Conclusion

In many fields, traditional medicinal knowledge offers inter-
esting leads for pharmacological research. Bangladesh is
abundant in medicinal plants with various ethno-medicinal
uses. In this review, we have compiled data on a large num-
ber of plant species, used as traditional medicine against
neurological problems in Bangladesh. Many of these species
have also displayed activity in bioassays matching their tra-
ditional uses. Based on these observations, future extensive
investigations on those particular species can be targeted to
identify the compounds responsible for the observed bioac-
tivities as well as to unravel their mechanisms of action. Up
to date, only a few of those active natural products and their
respective modes of action have been identified (Table 2).
We hope that the findings compiled in this review will con-
tribute to the successful usage of ethno-medicinal knowledge
of medicinal plants and their bioactive natural products in
the treatment of CNS disorders.
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