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ABSTRACT

Previously, most pharmaceutical compounds were produced from naturally occurring
components in plants. However, many plant species with high therapeutic potential have been
overlooked or neglected. In an era of unfavorable climatic and human changes that endanger
natural vegetation worldwide, it is critical to find and research these neglected medicinal plants.
The genus Cestrum belonging to the family Solanaceae, which includes Cestrum diurnum and
Cestrum nocturnum, contains a wide variety of important nutritional, chemical and medicinal
properties. Both plants have become popular garden plants, but they also possess therapeutic
potential. C. diurnum has been shown to possess antioxidant, hepatoprotective, larvicidal and
cardioactive properties, also has potential to make a supplement of vitamin D3, while C. nocturnum
has anti-inflammatory, analgesic, antimicrobial and anticancer effects. The distribution, physical
traits, ecological preferences and ethnobotanical uses of both plant species are explored in the
present review, which demonstrates that C. nocturnum shows significant potential due to its
high phytochemical content and extensive ethnobotanical applications. In contrast, C. diurnum,
though equally promising, has been less explored. Here, we demonstrate that these neglected
medicinal plants can be the next breakthrough in drug development. We also emphasize the
significance of sustainable methods that assure the use and preservation of these rich resources.

Keywords: Cestrum diurnum, Cestrum nocturnum, Distribution, Diversity, Ethnobotany, Medicinal

Correspondence:

Dr. Alka Kumari

Professor, Department of Botany,
University of Lucknow, Babuganj,
Hasanganj, Lucknow-226025,

Uttar Pradesh, INDIA.

Email: kumarialkasanjay@gmail.com
ORCID: 0000-0003-3972-9467

Received: 17-09-2024;
Revised: 04-10-2024;
Accepted: 30-10-2024.

plant, Phytochemical.

INTRODUCTION

The genus Cestrum of the Solanaceae family has two plant
species: C. nocturnum and C. diurnum (Figure 1).!" C. nocturnum
is commonly known as rat ki rani, night-cestrum, lady of the
night, queen of the night, or night-blooming jasmine,® while C.
diurnum is also known as day jasmine or din ka raja.l”’ Both are
unique plant species with diverse botany, photochemistry and
molecular traits and their botanical traits and chemical contents
are comparable;” their different flowering patterns provide a
distinct perspective on their adaptive strategy. Several plant
species are being studied for their phytochemical and biological
screening and have been implicated in their action against a
wide range of diseases.*® The Solanaceae family, also known
as the nightshade or potato family, holds great significance for
humanity due to its diverse range of nutritional, chemical and
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therapeutic uses.”! These plants grow in warm and moderate
regions worldwide, especially in the Southern Hemisphere.®
Central and South America are recognized as major dispersal
centers and are believed to be the origins of Solanaceae.” They
provide numerous benefits to humans and are therefore widely
studied and valued. C. nocturnum and C. diurnum provide
excellent comparative research topics since they have distinctive
molecular properties, chemical compositions and botanical
characteristics. These plants have been the subject of in-depth
study and admiration due to the variety of advantages they
provide. C. nocturnum is also known for its fragrant flowers that
bloom at night,"” while flowers of C. diurnum are not fragrant
and bloom during the day.""! Additionally, C. nocturnum has been
used in traditional medicine for its medicinal properties, while
C. diurnum has not been extensively studied for its potential
medicinal benefits. Comparative studies of these plant species
within the same genus provide various advantages, including
improving our understanding of species diversity, evolutionary
processes and ecological relationships. This review highlights
the similarity in medicinal potential of C. nocturnum and C.
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diurnum, which are primarily ornamental plants. Despite their
current under appreciation in the medicinal field, these plants
hold significant promise for developing novel drugs and valuable
therapeutics using modern drug discovery methods. Additionally,
this study can provide insights into species diversity, evolution
and ecological relationships, thereby revealing new avenues for
their potential applications.

MATERIALS AND METHODS

The present study investigates the medicinal properties
and challenges of C. diurnum and C. nocturnum through a
combination of literature review, field surveys and laboratory
analyses. The plant species were selected based on their reported
medicinal value and presence in ethnobotanical records
and samples were collected from diverse ecological studies.
Specimens were identified using botanical keys and authenticated
by taxonomic literature.

Data collection involved a systematic review of available
literature on C. diurnum and C. nocturnum, using databases like
PubMed, Scopus and Google Scholar to extract information on
their phytochemical composition, medicinal uses and challenges
related to their cultivation, conservation and utilization. The
data collected was synthesized using qualitative and quantitative
approaches, summarizing key findings and trends in the use of
Cestrum species in medicinal practices. Potential limitations
of the study include limited access to some geographic regions
and variability in traditional medicinal practices across different
regions.

RESULTS

Distribution

C. nocturnum and C. diurnum have distinct but overlapping
global populations (Figure 2). C. nocturnum, originating from
the West Indies and Central America, can be found in countries
such as Mexico, Cuba and Jamaica. It is commonly planted as an
ornamental shrub throughout tropical and subtropical regions
worldwide, including Mexico, Australia, New Zealand and
various Central American and Caribbean countries, making
it a highly valued garden species.'"! It is commonly planted as
an ornamental plant throughout many tropical and subtropical
regions of the world and is highly valued as a garden shrub
species.”?! As a result, it can be found in botanical collections,
gardens and parks around the world. As a result, C. nocturnum
is present in botanical collections, gardens and parks globally.!"*!
Likewise, C. diurnum, native to Puerto Rico, Jamaica and Cuba,
has been introduced as an ornamental plant to various tropical
and subtropical areas worldwide, including India, South Africa
and the Pacific Islands.™ This species thrives in disturbed lands,
pastures, roadsides and secondary forests but not in swampy or
exposed subsoil and it is frequently cultivated for its ornamental
qualities in places where it has been introduced.
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As garden plants, both C. nocturnum and C. diurnum have
attracted increasing interest. While C. nocturnum is known to
grow in areas outside of its natural environment, C. diurnum is
found largely in its native regions or in areas where it has been
brought for decorative purposes. Both species are closely related,
with some physical similarities but also major differences.

Morphological characteristics and ecological
preferences

While C. diurnum can reach a height of 2 m, C. nocturnum
usually reaches a maximum height of four meters (13 feet).™! C.
nocturnum has glossy, smooth-edged, lance-shaped leaves, while
C. diurnum has alternating, simple, short leaves with a maximum
petiolelength of 1.2 cm. C. nocturnum blooms at night with strong,
fragrant flowers that are tubular and greenish-creamy white or
light greenish-yellow in color." C. diurnum yields creamy white,
trumpet-shaped blooms gathered in the axils of the upper leaves.
They smell nice during the day (Figure 1a). After flowering, C.
nocturnum produces tiny white berries approximately 8-10 mm
long. These berries are dispersed by birds.'”! Additionally, the
fruits of C. diurnum are nearly spherical and black. C. nocturnum
is a plant that grows in various soil types, especially rich, loamy soil
or dry, sandy soil. It is barely resistant to salinity and flooding.*!
In contrast, C. diurnum thrives in regions with high rainfall and
can withstand salt stress.

Ethnobotanical uses and pharmacological properties

Different cultural patterns in the traditional applications of
C. diurnum and C. nocturnum have big influence on their
pharmacological studies. C diurnum and C nocturnum have been
used in various cultures for their medicinal properties.!'”’ They
are traditionally used to treat inflammation, pain and wounds.
In addition to their medicinal uses, these plants are also used in
ceremonies and as natural remedies for common health issues.
The leaves, flowers and roots of these plants are prepared in
different forms such as teas, poultices and extracts to harness their
therapeutic effects. Both species have significant pharmacological
activities, including  anti-inflammatory, analgesic = and
antimicrobial effects. These two species share several common
characteristics, as summarized in Figure 2, which provides an

overview of their traditional uses and pharmacological activities.

The analgesic, antioxidant, antipyretic, antimalarial,
anti-inflammatory, anti-hyperlipidemic, antimicrobial,
anticonvulsant, insecticidal, antifungal, anti-HIV,

anti-hepatotoxic, anticancer and antidiabetic properties of C.
nocturnum are widely recognized (Table 1). C. diurnum has
several medicinal properties, including analgesic, antioxidant,
antipyretic, antimalarial, anti-inflammatory, anti-hyperlipidemic,
antimicrobial, insecticidal, antifungal, anticancer, antidiabetic
and antipsoriatic actions (Table 1). The anticonvulsant, anti-HIV
and anti-hepatotoxic qualities of C. nocturnum are unique,
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whereas the antipsoriatic effects of C. diurnum are the only
known benefit.

Pharmacological studies on these plants' special qualities might
be centered on their ethnobotanical usage. C. diurnum may have
antipsoriatic properties; C. nocturnum deserves more research
due to its potential in treating convulsions, HIV and liver damage.

Chemical analysis and alkaloid composition

C.diurnumhasseveralbioactivecompoundswithvariousproposed
mechanisms of action that provide significant health benefits. As
it contains alkaloids like nicotine and nornicotine which have
structural similarities to tobacco compounds, there is a theory that
they act on nicotinic cholinergic receptors in the brain to improve
alertness and cognitive function.” Diurnoside and Cesdiurins
I, compounds found are only in C. diurnum, they have been
shown to have antimicrobial, analgesic and anti-inflammatory
properties in preclinical models.”?! Ursolic acid, a triterpenoid

Table 1: Comparative chart for the ethnobotanical uses of Cestrum
nocturnum and Cestrum diurnum.

Ehanobotanical uses  Cestrum Cestrum
nocturnum diurnum
Analgesic [45] [46]
Antioxidant [17] [27]
Antipyretic [47] [48]
Antimalarial [49] [50]
Anti-inflammatory [51] [46]
Anti-hyperlipidemic [10] [52]
Anti-microbial [53] [54]
Anti-convulsant [55] -
Insecticidal [56] [57]
Antifungal [58] [59]
Anti-HIV [60] -
Anti-hepatotoxicity [32] -
Anticancer [61] [62]
Antidiabetic [31] [54]
Antipsoriatic - [63]

* The (-) symbol denotes the lack of that activity in the plant.

compound well-known for its anti-inflammatory, anti-tumor and
hepatoprotective properties, may potentially promote muscle
growth, reduce obesity and improve skin health.?” Cestrumoside
III (antioxidant lignan glycoside), has potential antioxidant and
estrogenic properties that may help reduce the risk of chronic
diseases such as cancer and cardiovascular disease. C. diurnum has
also been reported to contain the active form of 1, 25-dihydroxy
vitamin D3, a vital compound for maintaining bone health and
regulating calcium homeostasis.”*” This active form of vitamin D3
plays a critical role in the absorption of calcium and phosphorus
from the gut, which are essential minerals for the formation and
maintenance of healthy bones and teeth.?*! The discovery of
this bioactive component in C. diurnum highlights the plant's
potential as a useful natural resource for the formulation of
supplements and medications used to prevent and treat illnesses
associated with bone abnormalities and calcium insufficiency.

The plant C. nocturnum is abundant in a variety of phytochemicals
such as tannins, alkaloids, fatty acids, carbohydrates, steroidal
saponins, flavonoids and essential volatile oils. These compounds
have several therapeutic benefits, such as antimicrobial,
antioxidant, analgesic and anti-inflammatory qualities. While
carbohydrates are vital for maintaining the integrity of cell
membranes and cardiovascular health, alkaloids are necessary for
energy and immune response. Antioxidant qualities of flavonoids
are well-known for shielding cells from oxidative stress and
possibly lowering the risk of chronic illnesses like cancer and
cardiovascular disease. Tannins have strong astringent properties
and are useful for wound healing and anti-inflammatory
responses. Hepatoprotective, anti-inflammatory and anti-tumor
properties are exhibited by ursolic acids. Phenolic compounds
guard against diseases and damage linked to oxidative stress.
Terpenes and trisesquiterpenoids exhibit anti-inflammatory,
analgesic and antimicrobial properties. Apart from that, cumaric
acid, vanillin, L-Arabinitol, a-amyrin, 3-tetradecynoic acid,
D-mannitol, metahydroxyeugenol, eicosane, phenyl ethyl alcohol,
nonadecene, dicetylglycerol, heneicosane, N-tetracosane, ethyl
citrate, phytol, 4-isobutylmorpholine, N-hydroxydecanoic acid
(Palmitic Acid) and a-amyrin are some of the specific compounds
found in C. nocturnum. Together, these phytochemicals give its
medicinal value and a host of health advantages.>*?* The different

Figure 1: Flowers of (a) C. nocturnum and (b) C. diurnum.
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Table 2: Comparative phytochemical composition of Cestrum nocturnum

Phytochemicals
Alkaloids

Glycosides

Saponins

Flavonoids

Terpenes

Organic
compounds

Phenolics

Long chain fatty
acid

Sugar alcohol
Alkane

Narcotics

Cestrum diurnum
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and Cestrum diurnum.

Cestrum nocturnum
Nicotine
Nornicotine
Cotinine

Myosmine

Pregnane glycosides
Cholestane glycosides
Pregnane-carboxylic acid
I-lactone glycoside
Nocturnoside A
Spirostanol saponins
Furostanol saponins
Luteolin

Kaempferol
Quercetin

Apigenin

Isovetixin

Hispertin
Narinjirnin

Rutin
trans-Z-a-bisabolene
epoxide, diosgenin,
a-amyrin, phytol,
Coumaric acid
Phenyl Ethyl Alcohol
Ethyl citrate

Gallic acid

Vanillin,
Methoxyeugenol,
L-arabinitol
Isoeugenol

Propyl gallate
3-tetradecynoic acid
Diacetylglycerol
n-hexadecanoic acid,
D-mannitol
Eicosane
Nonadecene
n-tetracosane
Heneicosane

phytol,
4-isobutylmorpholine

References
[64]

[65]

[25,65]

[66-68]

[69]

[25,70]

Cestrum nocturnum References
Cesdiurins I [64]

Nicotine

Phytochemicals
Alkaloids

Diurnoside
Nornicotine
Glycosides Cestrumoside III [22,71]
Anor-lignan glycoside
Ursolic Acid
Tigonin
Liriodendrin
Citroside B
Cesdiurins I-1IT

Saponin diurnoside

Saponins [27,72,73]
Spirostane-type saponins

Tigogenin

Tigonin

Ursolic acid [27]
trans-2-Hexenal [27]

Terpenes
Volatile oils
cis-3-hexenyl acetate
cis-3-hexenol
trans-2-hexenol
Palmitic acid
Stearic acid
Oleic acid

phytochemical compositions in these two plants are listed in
Table 2.

Therapeutic potential

C.diurnum

The leaves of this plant provide therapeutic benefits, including

antioxidant, hepatoprotective, larvicidal and cardioactive
effects.””] In several African nations, it has been utilized in a
variety of medical therapies, including skin patches, itching
relief, topical psoriasis therapy and the treatment of malaria.
The consumption of C. diurnum, however, can be harmful to
both human and animal health because it contains poisonous
alkaloids." It has a wide range of therapeutic potential,
including anti-inflammatory,®  analgesic, antimicrobial,
anticancer,®” CNS depressant, insecticidal, mosquito repellent,?!!
anticonvulsant, antiepileptic, local anesthetic, antihyperglycemic,
antihyperlipidemic, pesticidal, wound healing, antiarrhythmic
and antitumor effects. It has also been used externally for skin
disorders and possesses hepatoprotective and nephrocurative
activities.’” The essential oil and organic extracts from C.
nocturnum flowers exhibit antioxidant activity, making them

suitable for potential use in food and allied industries (Figure 2).
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Ethnobotanical uses

Cestrum diurnum

This plant has a long history of use in traditional healing practices
to address a variety of conditions. Its leaves or extracts are used
topically to soothe red, flaky patches associated with psoriasis.
Preparations made from its roots, flowers, or seeds are used to

treat other skin conditions and alleviate itching.*

Cestrum nocturnum

Herbs and compounds derived from this plant have been used by
indigenous medical practitioners to heal burns, reduce swelling,
normalize low blood pressure, treat digestive issues and night
sweats and for other ethnobotanical applications. Extracts from its
blooms are also used in perfumes and fragrances. Recent studies
have shown that this plant has properties that can protect and
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benefit the liver and kidneys, as well as exhibiting antibacterial

effects in laboratory tests.*"!

DISCUSSION

Current scenario

The present difficulty in confirming the therapeutic qualities of
Cestrum diurnum and Cestrum nocturnum are mostly caused by

the following factors:

Lack of standardized formulations

Crude extracts, which might not have optimal quantities of active
chemicals, are frequently used in preliminary studies on both
plants. Standardized, concentrated formulations of the bioactive
components must be developed to guarantee consistent outcomes

in medicinal applications.
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Figure 2: Graphical representation of the geographic distribution of Cestrum nocturnum and Cestrum diurnum, along with their respective

countries of origin (references: Space and Flynn 2000, Al-Reza, Rahman et al. 2010, Punjabi, Khilnani et al. 2015, Nishtha, Richa et al. 2017).

Comparison of the most common phytochemicals found in Cestrum nocturnum and Cestrum diurnum, as well as an illustration of their similar
ethnobotanical uses and differing pharmacological aspects.
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Figure 3: The step-by-step process of developing a bioactive compound from medicinal plants.
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Insufficient clinical and preclinical research

The majority of investigations on these plants have been restricted
to basic in vitro or small-scale in vivo tests. Although they offer
preliminary proof of effectiveness, larger preclinical studies and
thorough clinical trials are necessary to validate their safety and
therapeutic potential.

Complexity of phytochemical composition

A wide range of phytochemicals, including as polyphenols,
terpenoids and alkaloids, are present in both plants. It is difficult
to completely comprehend their modes of action and to isolate
and identify the essential molecules owing to their therapeutic
characteristics due to the variety in their chemical makeup.

Limited bioavailability and possible adverse effects

When utilized in medicinal settings, several of the chemicals
found in these plants may have limited bioavailability or have
unclear adverse consequences. Improving these substances'
bioavailability and reducing side effects are essential obstacles to
their therapeutic use.

Absence of sustainable harvesting methods

It is critical to provide a dependable and sustainable source of
plant material for scientific study and medicinal applications.
Their availability might be threatened by overharvesting or
environmental changes, which would be a serious obstacle for
ongoing research.

To advance the identification and validation of C. nocturnum
and C. diurnum for medicinal applications, a more focused
and intensive approach with expanded resources is essential.
Although preliminary small-scale research employing crude
extracts from plant oils or leaves has provided encouraging
results,®* substantial effort is required to develop optimized
formulations with the desired active ingredients. Basic laboratory
mouse and cellular test systems have produced some encouraging
but
standardized formulations are conspicuously lacking. To develop

results, 5] specialized, concentrated products and
validated, consistent and customized therapeutic products that
take advantage of these plants' inherent healing properties, a

concerted scientific effort is needed.

Challenges

Variability in phytochemical composition

Growing circumstances, location and harvesting period are some
of the variables that might affect the concentration of beneficial
chemicals. Because of this, it is challenging to standardize the
quantity of active substances used in formulations.

Pharmacognosy Reviews, Vol 18, Issue 36, Jul-Dec, 2024

Complexity of plant extracts

Extracts from these plants may include a diverse spectrum of
chemicals, some of which may interact unknowingly. Identifying
the active components and their appropriate ratios can be
challenging for maintaining therapeutic effectiveness.

Stability of active compounds

When exposed to light, heat, or oxygen, some compounds may
deteriorate or lose their effectiveness. One major issue is making
sure the formulations are stable over the long term and have a
lengthy shelf life.

Toxicity and adverse effects

Since certain substances found in plants can be hazardous in
larger quantities, there may be concern about the safety of
using the extracts over an extended period or at high dosages.
Comprehensive toxicological investigations are necessary to
determine the safe therapeutic range.

Regulatory hurdles

Adequate testing to demonstrate efficacy, safety and quality
is necessary to meet the regulatory standards for approval as
therapeutic medicines. To meet these requirements, the extraction
and formulation procedures must be standardized and validated.

Methods of sustainable preservation

Based on best practices for medicinal plant species, numerous
essential strategies may be suggested to strike a balance between
the long-term sustainable usage of C. nocturnum and C. diurnum
and their possible commercialization for medical purposes:

Sustainable methods of harvesting

Adopt regulated harvesting procedures to prevent overuse of
wild populations. Depletion can be avoided by following rules for
alternating harvest cycles, selective harvesting and guaranteeing
sufficient plant regeneration. Agroforestry systems or nurseries
are examples of controlled habitats where these plants may be
grown and they can lessen the pressure on wild populations.

Conservation in situ and ex situ

Preserving genetic variety through both in situ (on-site
conservation in natural environments) and ex situ (conservation
in botanical gardens, seed banks) strategies can help species
survive while also helping commercialization initiatives.
Additionally, it can act as a buffer in case of over-harvesting or
environmental changes.

Certification and regulation

It's critical to create legal frameworks for the commercial usage
of these plants. Programs for certification such as fair trade and
sustainable sourcing labels can guarantee that the process of
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commercialization promotes local economies while avoiding
harm to the environment.

Community involvement

A symbiotic link between sustainability and commercialization
may be established by including local communities in
conservation efforts while also providing them with financial
benefits from the plants. Encouraging responsibility for the
environment and financial incentives may be achieved by offering
training on sustainable practices and fair profit-sharing schemes.

Research and development

It's critical to carry out further studies on the therapeutic qualities,
growing needs and ecological effects of both plants. Developing
farming methods that optimize output while posing no threat to
the environment is one aspect of sustainability. Scientific studies
can also explore the potential for synthetic production of the
active compounds, reducing the pressure on natural populations.

Drug development process

To enhance the current research, additional laboratory studies
on C. diurnum and C. nocturnum to further explore their
phytochemical profiles, mechanisms of action and therapeutic
potentials. This includes utilizing advanced techniques such
as High-Performance Liquid Chromatography (HPLC), Gas
Chromatography-Mass Spectrometry (GC-MS) and Nuclear
Magnetic Resonance (NMR) spectroscopy for comprehensive
phytochemical screening, exploring specific bioactivities of
identified compounds through in vitro and in vivo studies,
investigatingthemolecularmechanismsunderlyingthetherapeutic
effects of these plants, conducting comparative studies to identify
the most potent sources of bioactive compounds, assessing the
safety and toxicity profiles of these plants in preclinical models
and designing and conducting clinical trials if preclinical results
are promising."”! Furthermore, it's important to focus on the
development of standardized extracts and formulations, optimize
the extraction process, identify suitable delivery methods for
therapeutic use and investigate sustainable harvesting practices
and conservation strategies to ensure the long-term availability of
these plants for research and medicinal use."! C. nocturnum and
C. diurnum have great potential and are abundant in metabolites
and antioxidants, which can be helpful in formulating several
drugs. Once the chemical structure is determined, chemists may
modify or synthesize the compound to improve its drug-like
properties. The compounds then undergo preclinical and clinical
studies to evaluate their safety, efficacy and pharmacokinetics.
If successful, they can advance to clinical trials involving human
subjects. After successful clinical trials and FDA (The United
States Food and Drug Administration) approval, the drug
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was launched for medical use.””! The sequential process for
possible drug development from plants is depicted in Figure 3.
Additionally, Figure 4 highlights some of the key compounds
found in C. nocturnum and C. diurnum.

FUTURE PROSPECTS

Biotechnology has advanced to the point where plants can
produce therapeutic proteins for medications, offering effective
treatments for serious diseases like cancer, diabetes, HIV, cystic
fibrosis, heart disease and Alzheimer's disease. C. nocturnum and
C. diurnum are promising candidates for medicinal research due
to their potential therapeutic properties. These plant-based herbal
medicines are considered safer and more cost-effective compared
to traditional pharmaceuticals and present alower risk of pathogen
transmission. During the COVID-19 pandemic, plant-based
herbal medicines gained attention as more affordable alternatives
for producing treatments."*! However, comprehensive knowledge
of their physicochemical characteristics and preformulation data
is essential for the effective utilization of these plants. This study
explores the medicinal potential of C. nocturnum and C. diurnum,
underscoring their significance as valuable natural resources.
By leveraging advanced biotechnological methods, these plants
can be harnessed to produce novel, safer, more cost-effective
treatments with fewer risks associated with pathogen transmission

CONCLUSION

C.diurnumand C. nocturnum,two plantswith significantmedicinal
potential, have been overlooked due to unsustainable exploration.
These plants have unique chemical compositions, therapeutic
benefits and pharmacological properties, with C. nocturnum
being particularly noteworthy for its high phytochemical
content. Sustainable preservation methods are crucial for their
responsible use and maintenance for future generations. Further
research and drug development strategies are recommended for
improved healthcare. Ethnobotanical knowledge offers a focused,
economical and culturally rich approach to medication discovery,
but also presents standardization, scientific validation and
sustainability issues. Balancing these advantages and drawbacks
is crucial.
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