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Abstract

Rauvolfia species of the family Apocynaceae (Dogbane family) are a rich source of pharmaceutical compounds. This genus includes shrubs
and evergreen trees distributed across tropical and subtropical forests. Five Rauvolfia species are found in the Southern Western Ghats of
India namely, R. serpentina, R. tetraphylla, R. densiflora, R. micrantha and R. beddomei. Due to their phytochemical composition, include
alkaloids, flavonoids and terpenes. Rauvolfia species have been traditionally used to treat various ailments, including epilepsy,
hypertension, snake bites among other ailments. Amongst these, R. serpentina is widely used in traditional and modern medicine as a
primary source of reserpine alkaloid. However, the escalating demand for their medicinal properties has led to adulteration practices with
compromised plant quality. This review compiles information on the biogeography, taxonomy, morphology, ethnopharmacology,
phytochemistry, pharmacology, economic significance, cytogenetics, propagation and adulteration issues of Rauvolfia in the Southern
Western Ghats of India. These facets of the review address the challenges associated with exploiting the plant species and provide insights
into their current research status in the context of the region's biodiversity and medicinal heritage.
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Introduction environments such as open grasslands, savannas, forests and
limestone hills (7). In 1753, Linnaeus established the genus
based on the species R. tetraphylla (8). The genus was first
discovered in the sixteenth century and now includes about
110 species (9). Using the Latin form of Rauwolf's name,
French botanist Charles Plumier originally named the genus
Rauvolfia in 1703 to honour German botanist and physician
Leonhard Rauwolf (1535-1596). Later, Swedish botanist Carl
Linnaeus adopted the nomenclature Rauvolfia in his book
Species Plantarum (10). The genus is also known as Devil's
pepper and includes both shrubs and evergreen trees.
Members of this genus commonly found in the tropical and
subtropical forests of India, Central and South America, Sri
Lanka, Africa, China, Japan, Burma and Java. Five species of
Rauvolfia are found in the Southern Western Ghats of India,
including Rauvolfia serpentina L. Benth. ex Kurz.; Rauvolfia
tetraphylla L.; Rauvolfia micrantha Hook. F.; Rauovlofia

Among the 36 global biodiversity hotspots, the Western Ghats
are among the most significant (1). The Western Ghats are one
of the four biodiversity hotspots located in India (2). In the
terms of floral diversity, the Western Ghats are the second-
richest biogeographic region after the Himalayas. They extend
from Kanyakumari to Tapi river and span the states of Gujarat,
Maharashtra, Kerala, Tamil Nadu, Karnataka and Goa. The
Western Ghats are a treasure trove of valuable medicinal
plants, contributing to their status as a complex ecosystem (2).
They harbor a wide variety of plant species, many of which are
used in traditional healthcare and are also threatened. The
Southern Western Ghats exhibit abundant plant diversity, with
both annuals and perennials spanning a wide range of flora,
from lower to higher plants (3). The Southern Western Ghats
are the most prolific area in terms of indigenous species
density and vegetation composition, particularly regarding beddomei Hook.; Rauvolfia densiflora Benth ex Hook. f. (11)
medicinal plants and the presence of unique taxa within (Fig. 2). ’

Peninsular India. A multitude of plant species in this region are

now experiencing a severe population decline (4-6) (Fig. 1). Rauvolfia species occurs in various parts of the Western
Ghats in Southern India, thriving in diverse ecosystems of this

mountainous region that spans multiple states such as
Karnataka, Kerala, Tamil Nadu, Goa and Maharashtra.

Rauvolfia is a prominent genus in the Apocynaceae
family. It is widespread in tropical regions, inhabiting diverse
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Fig. 2. Rauvolfia species from Southern Western Ghats of India.

According to literature, six Rauvolfia species occur in India,
including R. vomitoria Afzel (12). Rauvolfia genus hold
significance in traditional and contemporary medicine (13-15).
In this genus, most species are trees or shrubs featuring
whorled leaves, terminal inflorescences, flowers with tubular
shapes and colours of petals ranging from white to purplish.
Their ovaries range from apocarpous to completely
syncarpous, surrounded at the base by a nectar-bearing disc
(8). Moreover, they produce drupaceous fruits containing one
or two visible seeds enclosed within a stony endocarp. Genetic
reservoirs are presently encountering formidable challenges
due to heightened anthropogenic endeavours, including

deforestation, habitat modifications and unsustainable
extraction for commercial purposes (16).

According to the International Union for Conservation
of Nature (IUCN), diverse members of the Rauvolfia genus,
including R. serpentina, have been classified as endangered.
For centuries, the plants from the Rauvolfia genus have been
employed in Indian folk medicine to treat a variety of ailments
such as epilepsy, hypertension, intestinal disorders, insanity,
insomnia, schizophrenia, hysteria, constipation and cardiac
and liver diseases (12). Additionally, these plants have been
utilized as tranquilizers, anthelmintics and antidotes for snake
and venomous reptile bites (17). Phytochemicals with bioactive
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properties found in Rauvolfia plants encompass alkaloids,
flavonoids, iridoids, terpenes, sterols, fatty acids and sugars.
The main active phytochemicals are indole alkaloids, primarily
concentrated in the roots. Rauvolfia genus is acknowledged for
accumulating significant amounts of alkaloids (18). For
instance, R. serpentina is specifically documented to possess
122 alkaloids (19). These plants face significant threats from
poachers due to inappropriate harvesting techniques and
ineffective preservation approaches. R. serpentina, renowned
for yielding the medicinally valuable reserpine with calming
and antihypertensive attributes, is especially susceptible. Its
inclusion in the endangered plant roster is ascribed to
unregulated use and insufficient traditional propagation and
conservation methodologies (20).

Considering their economic value and the precarious
state of ecosystem due to unsustainable extraction, species like
R. serpentina require particular attention. Due to rising demand
and limited availability, it is a common practice to adulterate
various Rauvolfia species by blending them with other species
thereby compromising the quality and integrity of herbal
products (21). For example, the roots of R. serpentina often
contain impurities, as the roots of other plants like Ophiorrhiza
mungos, are mixed with them (21). This review highlights the
biogeography, ethnopharmacology, phytochemistry,
taxonomy, medicinal importance, economic importance,
propagation, adulteration and current research status of
Rauvolfia species from the Southern Western Ghats of India.

The herbal drug industry relies on R. serpentina; of
scientific research on alternative options has led to the use of
unreliable  substitutes and adulteration, potentially
compromising the purity and safety of herbal preparations. To
determine their suitability as substitutes, studies on the
phytochemical and pharmacological properties of allied
Rauvolfia species are necessary. In this review, we provide a
detailed discussion of all allied species of R. serpentina found in
the study area.

3

Regarding thematic investigations into the Rauvolfia
genus, the keywords which are used in this study are Rauvolfia,
Southern  Western  Ghats, biogeography, morphology,
ethnopharmacology, phytochemistry, cytogenetics, propagation,
adulteration, reserpine, ajmaline, luteolin, ajmalicine,
antihypertensive, indole alkaloids, anti-cancerous, antioxidant,
densiflorine, sarpagine, apigenin, serpentine, tranquilizer,
antipsychotic, critically endangered and endemic (Fig. 3).

Material and Methods

Information was collected from Google Scholar, Pubmed and
Scopus to compile this review. We used the botanical names
of five species of the Rauvolfia genus in the search engine in
the above databases and searched for the keywords of this
paper. We collected data on the authors' affiliations, countries,
funding agencies and publication years from the extracted
articles, books and reviews. The details collected are briefly
summarized as the content to present in this review. Database
records were consolidated and checked for duplication. The
chemical structures of major bioactive phytochemicals
reported from the Rauvolfia of Southern Western Ghats of
India were drawn in ChemDraw software (https://
chemdrawdirect.perkinelmer.cloud/js/sample/index.html) by
taking Pubchem (https://pubchem.ncbi.nlm.nih.gov/)
database as a reference. We conducted extensive field visits
from December 2022 to March 2024 and our field
observational data helped extensively to compile this review
(Fig. 4).

Biogeography of Rauvolfia species reported from the
Southern Western Ghats of India

The Southernmost areas of the Western Ghats, characterized
by highly favorable climatic conditions featuring substantial
yet not excessive rainfall and a brief dry season, exhibit the
highest biodiversity and harbor the highest endemic species
(22). This study presents the biogeography of five species of
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Fig. 3. Word cloud containing commonly used keywords for the study.
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Fig. 4. Field trips for collection of Rauvolfia species from different locations of study area.

the genus Rauvolfia from the Southern Western Ghats of India.
There are over 100 species of Rauvolfia worldwide. Despite
being indigenous to India, R. serpentina, also known as
Sarpagandha, exhibits a global distribution. The plant thrives
in regions characterized by a warm and humid climate,
particularly where the soil ranges from sandy alluvial loam to
red laterite loam (23). It is prevalent across tropical regions,
inhabiting diverse environments such as open grasslands,
savannas, forested areas and limestone hills (7). These specific
environmental conditions, along with temperatures ranging
from 10-35 °C and precipitation levels of 250-500 cm, create an
ideal habitat for the plant's optimal growth. R. serpentina is
predominantly found in the Asian subcontinent, spanning
countries such as China, Bangladesh, Pakistan, Nepal,
Myanmar, Bhutan, Laos, Sri Lanka, Vietnam, Thailand and
Indonesia. In India, the plant is distributed across various
regions, including Punjab, Jammu and Kashmir, Delhi,
Himachal Pradesh, Uttar Pradesh, Assam, Sikkim, Bihar, West
Bengal, Arunachal Pradesh, Goa, Kerala, Tamil Nadu and the
Andaman-Nicobar Islands (24).

R. tetraphylla, another species is identified by various
names, including wild snake root and ‘be still’ tree in English;
Papataku in Telugu; Pampukaalaachchedi in Tamil;
Barachandrika in  Hindi; Patalagarudi in  Odia
and Vanasarpagandha in Sanskrit is facing critical
endangerment. Indigenous to the West Indies, R. tetraphylla
has become naturalized in several countries, including India,
Myanmar, Bangladesh, Pakistan, Nepal and Sri Lanka and is
often cultivated in gardens. In India, it is found in various
states, including Odisha, Madhya Pradesh, Karnataka, Andhra
Pradesh, Kerala, West Bengal, Bihar and Tamil Nadu (25).
Both species, R. serpentina and R. tetraphylla, are found
throughout the Southern Western Ghats. R. tetraphylla
exhibits a more abundant distribution compared to R.
serpentina, which is relatively rare.

Additionally, R. densiflora is another species in the
genus, native to India and Sri Lanka. In India, R. densiflora is
found in various regions, including Uttara Kannada district in
Karnataka, Kannur, Wayanad, Malappuram, Palakkad,
Thrissur, Idukki, Kottayam and Thiruvananthapuram districts
of Kerala and the Megamalai wildlife sanctuary in Theni district,
Tamil Nadu (26). R. micrantha an endangered and endemic
woody medicinal shrub, is found at elevations up to 600 m
above sea level in the Southernmost part of the Western Ghats
(11, 27-31). Other names for this species include Malabar
Rauvolfia and small-flowered snakeroot (12). In an unpublished
study, Robert Wight first reported R. micrantha as Ophioxylon
micranthum. Based on Robert Wight's collection from Malabar,
a princely territory in the former Madras Presidency, Hooker
considered it an invalid name and designated it as a "new
species” (32). It was reclassified as an endangered species of
Peninsular India, while it is critically endangered in the Western
Ghats (28, 33). Researchers described this species as "a slender
shrub, apparently very scarce" and included it in the Flora of
the Presidency of Madras, based on collections by Rama Rao
and Wight from Travancore and Malabar, respectively (34). The
rare species R. beddomeiis endemic in its distribution to the
evergreen forests of the Southernmost parts of Western Ghats
(12).

Botany and systematic of the Rauvolfia grown in Southern
Western Ghats of India

The genus Rauvolfia belongs to the family Apocynaceae. It is
classified as follows:  Kingdom - Plantag; Phylum -
Angiospermae; Subphylum - Eudicotidae; Class - Asterids;
Order - Gentianales and Family - Apocynaceae, Subfamily -
Rauvolfioideae; Tribe - Vinceae and Subtribe - Rauvolfiinae
Benth. & Hook. f. Rauvolfia is the largest genus within the tribe
Vinceae and is widely distribuited within the Apocynaceae
family (8). The pantropical genus Rauvolfia is categorized into
two primary lineages, one consisting entirely of paleotropical
species and the other composed of neotropical species (8).
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Most of sections, series and subseries previously identified in
classifications of Rauvolfia are paraphyletic. Some researchers
suggest two out of the fourteen sections as monophyletic (8).
Other researchers suggests that one out of eleven sections are
monophyletic (8).

Most species in this genus are trees or shrubs with
whorled leaves, terminal inflorescences, tubular flowers with
tubular shapes and petal colours ranging from white to
purplish. The ovaries range from apocarpous to completely
syncarpous and are surrounded at the base by a nectar-bearing
disc (8). Additionally, they produce drupaceous fruits
containing one or two visible seeds enclosed within a stony
endocarp. Genetic reservoirs of these species face significant
threats from  deforestation, habitat changes and
overharvesting (16). Several members of the genus Rauvolfia,
including R. serpentina, have been listed as endangered by the
IUCN. Discriminating character between R. micrantha and R.
beddomei is the feature of the peduncle (34). The former
possesses a comparatively short and smooth peduncle. In
contrast R. beddomei has a long peduncle with node-like
articulations (35) (Fig. 5). Based on a comparative analysis,
scientists reported that fruit and seed characteristics can be
used to distinguish between species and provided an artificial
key (also called taxonomic key or identification key) to support
this finding (36). Literature reports exist regarding the
comparative carpology of Rauvolfia species from South India
(37). In this study, it was noted that all species exhibited a
sigmoidal pattern in the morphological and physiological
characteristics of fruit/seed development. The study also
observed in terms of fruit and seed dry mass accumulation, R.
hookeri and R. micrantha exhibited a single-sigmoidal pattern,
whereas other species showed a double-sigmoid pattern.

Researchers recognized flavonoids as chemotaxonomic
markers in endemic and endangered species of Rauvolfia in the
Southern Western Ghats of India (11). Flavonoid composition in
all five species documented in the Southern Western Ghats of
India and findings indicated that, within the closely related
species R. beddomei and R. micrantha, the flavonol kaempferol
is exclusively found in R. beddomei, serving as a distinctive
chemotaxonomic marker between these two species (11).

R beddoniei

Additionally, luteolin, a flavone, can be proposed as a
chemotaxonomic marker for R. densiflora, as it is the only
species among the five studied Rauvolfia species displaying the
presence of luteolin. The cluster analysis results for R. densiflora
also highlighted the species' distinctiveness from others in the
study. The dendrogram produced through the unweighted pair
-group method with arithmetic mean (UPGMA) cluster analysis
in certain research depicted the connections and variations
among the five species (11). The cluster analysis distinctly
organized the five species into three clusters. R. serpentina and
R. tetraphylla were placed in the first cluster, R. beddomei and
R. micrantha in the second (these two have morphological
similarities, moreover only distinguishable feature is peduncle
morphology and length) and R. densiflora constituted the third
group.

ITS2 serves not only as a conventional phylogenetic
marker but also as an excellent candidate for DNA barcoding
due to its inclusion of highly variable sites, facilitating the
identification and differentiation of the five Rauvolfia species
found in the Southern Western Ghats of India (38). The
phylogeny studies on members of the Rauvolfioideae
subfamily and genus Rauvolfia has not kept up, most likely
partly because of multiple genera or species with small,
inconspicuous, white, salverform flowers that look identical
but lack charisma. Phylogenetic analysis based on Indian
species or members from Western Ghats has never been
conducted till date.

Tribes within Rauvolfioideae were formerly divided by
systematists using fruit features (39). The sinistrorse aestivation
of the corolla lobes in buds and the anthers' non-attachment to
the style-head are characteristics of the Rauvolfioideae (40).
Though fruit characteristics have been shown to exhibit
oscillatory evolution in Rauvolfoideae, many researchers
encouraged the utilization of fruit features in conjunction with
other morphological traits for systematics studies of
Rauvolfioideae members (39-45). Because of their comparable
habits, flower colours and other characteristics, R. micrantha
and R. hookeri (R. beddomei), another unique species of the
Western Ghats, are closely related.

Fig. 5. Morphological characters of R. micrantha and R. beddomei.
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Our field observations showed a conspicuous difference
in the fruit morphology of R. micrantha and R. beddomei,
though both species are fleshy fruit-bearing. The former has
partially syncarpous fruits with seeds embedded in fleshy pulp,
while R. beddomeihas apocarpous fruit with numerous small
seeds. The abortive tendency was palpable in one of two
synacapous fruits of R. micrantha. The main difficulty is finding
characters that accurately represent and articulate these two
species in a formal categorization. The development of DNA-
based molecular markers can resolve the issue and suggest
more information regarding the phylogeny of these related
species. R. micrantha with R. membranifolia in their reports and
relinquished the position of R. micrantha as an "endemic" to
the Western Ghats (46). A broader circumscription to define the
species of R. micrantha, R. vietnamensis, R. littoralis and R.
indosinensis in addition to R. membranifolia conspecific (46, 47).
The plant list was adopted these observations and based on
these studies, R. membranifolia from R. micrantha as a separate
species R. membranifolia integrated as a heterotypic synonym
with R. littoralis, R. indosinensis and R. vietnamensis (48-50).

Several molecular phylogenetic investigations have
found that the majority of Rauvolfioideae tribes are non-
monophyletic since the categorization of Endress and Bruyns
(40, 51-54). Sporadic reports are available on the phylogenetic
studies on the genus Rauvolfia. The phylogenetic position of R.
verticillata using the plastid genome with twenty other
published plastid genomes of the Apocynaceae family, a
phylogenetic tree was constructed with Gentiana officinalis and
Gelsemium sempervirens as the outgroups (55). Based on their
study, they concluded that R. verticillata (R. densiflora) is more
closely related to Catharanthus. Morphology and sequences
from five DNA sections of the chloroplast genome (matK, rbcL,
rpl16 intron, rpsi6 intron and 39 trnK intron) showed the
relationships within Rauvolfioideae (Apocynaceae) (39, 40, 56).

Cytogenetics of genus Rauvolfia

Based on chromosome number data, Rauvolfia is characterized
by a fundamental chromosome count of x = 11 (35).
Polyploidization and subsequent intraspecific hybridization have
led to the emergence of diploid, tetraploid, hexaploid and
octaploid species or cytotypes within the Rauvolfia genus. These
mechanisms have significantly contributed to the evolutionary
development of diverse chromosome numbers, thereby
fostering species diversification within the genus (57).
Chromosome data for R. serpentina and R. tetraphylla, with the
following results: the cumulative length of somatic chromosome
complements in R. serpentina measured 79.91 um, while in R.
tetraphylla, it amounted to 153.94um (57). R. serpentina
possesses 22 chromosomes (2n = 22), whereas R. tetraphylla has
66 chromosomes (2n = 66) (57). The range of chromosome
lengths in R. serpentina was 2.76-4.33 um, while in R. tetraphylla
it was 1.68-2.88 um. All four chromosomes in R. serpentina and
three in R. tetraphylla displayed full fluorescence when treated
with chromomycin A3 (CMA). The CMA-bands were distributed
throughout the entire chromosomal structure rather than being
confined to terminal or centromeric regions, indicating the
presence of accumulated GC-rich sequences. Similarly, following
4'-6-diamidino-2-phenylindole (DAPI) staining, six chromosomes
inR. tetraphylla exhibited complete fluorescence, suggesting a
prevalence of AT-rich sequences throughout these
chromosomes.

6

Morphology and ethnopharmacology of various species of
Rauvolfia from Southern Western Ghats

R. serpentina

General morphology: R. serpentina, also known as Ophioxylon
sepentinum L., is globally distributed in tropical Indian regions
(58-61). The most popular vernacular name for this plant is
Sarpagandha (59). The antihypertensive properties of R.
serpentina root led to the plant's identification as either Rauvolfia
root or serpentine root was studied in Western medicines (62). It
is a woody, perennial, evergreen, glabrous undershrub that
grows upright. The roots are aromatic, fleshy and long, with
infrequent branching and display greyish-yellow to pale brown
cork.

The stem is cylindrical and approximately one meter in
length. The leaves, arranged in 3-4 whorls or occasionally
opposite, are slender with a tapering base, showing a dark
green upper surface and a pale green lower surface. The
flowers are arranged in irregular corymbose cymes, forming
clusters that range in colour from white to pink to red. The
inflorescence comprises red pedicels and calyces, along with
white petals. Flowering typically occurs from March to May in
the Indian climate. The fruits are drupes, found singly or in pairs
(didymous), initially green and turning into a shiny purplish-
black to black when ripe, each containing ovoid seeds (63).

Ethnopharmacology: Historically, indigenous communities
employed therapeutic flora to alleviate various health
conditions (64-67). R. serpentina is one of the ethnomedicinally
significant plants employed by tribal communities for drug
acquisition for hypertension, sleeping disorders and anxiety.
The plant mentioned by Sushruta, approximately 600 BC, has
been traditionally employed in ayurvedic formulations (68).
The use of this plant for treating hypertension in India is
notable in rural regions (69, 70). It has a historical association
with addressing issues such as insomnia and mental disorders.
Older women or village physicians used to soak the roots of this
plantin rose water for administration (71).

This indigenous plant is dispersed in diverse floristic
zones across India, highlighting substantial natural variability.
Since the Vedic period, diverse ethnic groups have utilized R.
serpentina to treat a variety of ailments such neurological
disorders, infectious diseases and gastrointestinal disorders
(60, 72, 73). Formulations derived from the roots of R.
serpentina have been used for centuries in India to treat
intestinal issues, disorders of the central nervous system and
snake bites. Moreover, it has been used to trigger uterine
contractions and as an antihelmintic (74). The people of Jhapa
District, located in eastern Nepal, employ the juvenile shoot
essence to treat pneumonia during the initial phases of
infection (75). In the Unani medical tradition, the Pitkriya
concoction features the extract derived from this plant,
exhibiting hypnotic, diuretic, anesthetic and nervine sedative
properties (76). The populace of Jaunsari in Garhwal Himalaya,
Uttaranchal, has historically employed for alleviating nervous
ailments, anxiety and epilepsy (77). The inhabitants of
Madhupur, Tangail, Bangladesh, have observed that applying
newly extracted leaf juices from R. serpentina can effectively
ward off eye inflammation (78).

https://plantsciencetoday.online


https://plantsciencetoday.online

R. tetraphylla

General morphology: R. tetraphylla is considered an endangered
plant species originated in West Indies but adapted to the
Indian environment about a century ago (12). It is a noteworthy
botanical member of the Apocynaceae family, cultivated for its
substantial medicinal worth and therapeutic attributes (79).
The common name of this species is ‘still tree’ (80). It is
reported a range of synonyms linked to R. tetraphylla (81). The
morphological features of the species are as follows: perennial,
hairy shrub with an upright stem that reaches a height of 4-6
feet. The leaves are asymmetric and uneven, measuring 5-9 x 3-
4 cm, elliptical-ovate in shape and pointed at the apex. They
are typically arranged in groups of four. Terminal corymbose
cymes showcase cream-coloured flowers, approximately 5 mm
wide, with slender and rounded calyx lobes bearing cilia. The
petals are white and about 3 mm long, with short lobes and
tubes. The ovoid drupes are smooth, remain in pairs at the top,
are 5-10 mm in diameter and turn purple when mature (79).
Blooms occur consistently throughout the year.

Ethnopharmacology: R. tetraphylla is also called wild snakeroot
(82). It is used as a calming treatment for conditions relating to
sleep, hypochondria, blood pressure problems, mental illnesses
and central nervous system disorders (83). This plant has many
uses for native tribes in South India and has a wide
ethnobotanical significance. A plethora of alkaloids derived from
this plant, demonstrating noteworthy pharmacological
attributes, including anticancer, antipsychotic, antihypertensive,
antimicrobial, antioxidant, anti-inflammatory and antidiarrheal
properties (84). Moreover, the therapeutic application of root
extracts extends to treating ailments such as cholera, diarrhoea,
fever, colic and dysentery (81, 85-89). Additionally, these extracts
demonstrate efficacy in managing intestinal problems (90). The
alkaloids obtained from this plant are used in therapies linked to
cardiovascular and mental interventions (91). The qualities of
these alkaloids have been shown to combat hypertension (88,
92, 93). R. tetraphylla root and leaf extracts inhibit the growth of
the Staphylococcus aureus bacteria and the fungus Fusarium
oxysporum, respectively (79).

The fruits produce a black dye utilized for treating skin
diseases (12). The Kaattu Naika tribe in Wayanad district, Kerala,
utilizes R. tetraphylla roots to induce uterine contractions in
challenging childbirth situations (84). Concurrently, the Kurichya
tribe in Wayanad district eases stomach aches by consuming a
decoction of shoots thrice daily. The roots are used to treat
several ailments, including syphilis, have calming effects, reduce
swelling, function as a diuretic, ease stomatitis, have anti-
inflammatory qualities, control gingivitis, act as an expectorant,
ease toothache, sore throat, treat ulcers and alleviate anxiety
(94). Labdane diterpene obtained from the stem of R. tetraphylla
shows anticancer activities (95). The Irular tribe in Tamil Nadu
employs plants to treat snakes and animal bites and insect stings
(84).

R. micrantha

General morphology: The morphological features of R.
micrantha are a seasonal shrub 1.5 to 2 meters tall and features
sparsely branched stems with simple and alternate leaves (28).
The leaves, ranging in shape from elliptical to lanceolate,
measure 5-10 x 3-4 cm and acuminate. The peduncle is erect
and terminal and bears 4-6 flowers. The diminutive flowers

exhibit a white, funnel-shaped structure with a purple-tinged
interior, forming extended corymbose cymes. They feature five
epipetalous, filamentous stamens, notably short and sagitate.
The elongated pistil includes a lengthy style and a dumbbell-
shaped capitate stigma. The syncarpous and bicarpellary ovary
has one ovule in each locule. The smooth berries, bearing 1 or 2
seeds, are black with a textured surface displaying a reticulate
pattern.

Ethnopharmacology: R. micrantha treats diverse health issues,
including peptic ulcers, diabetes, coughs, mouth infections,
colds, stomach aches and rheumatism (84). It is also recorded
in the traditional Chinese medicine (TCM) systems and in
India's Ayurvedic system of medicine (96). Crushed green fruit is
blended with coconut oil and applied to sores, boils, cuts and
carbuncles. In the Wayanad district of Kerala, the Kurumba
tribe employs leaf juice to address pain in the affected ear.
Moreover, they apply latex from the leaves topically to relieve
earaches. In the Idukki district of Kerala, the Malapandaram
tribe consumes fresh leaves for placenta expulsion, employs
leaf galls to ease childbirth and eats a mixture of ground bark
and coconut to induce sterility and contraception (84). Crushed
root or bark from the stem is administered to alleviate urinary
tract infections and heated leaves covered with oil are a
poultice for injuries such as sprains and fractures. It is also used
in Brugada syndrome, a disorder affecting cardiac electrical
signalling those results in manifestations like heart
palpitations, loss of consciousness, dizziness and associated
with abrupt demise. The leaf sap combined with water is
ingested to manage low blood pressure or anaemia. Various
plant sections are employed to address cough, tuberculosis and
injuries caused by stingrays. R. micrantha contains a higher
amount of reserpine, a monoterpene indole alkaloid (50).
Therefore, R. micrantha is employed as a replacement for R.
serpentina on a commercial basis, as per the existing documents.
The roots are a significant repository of tranquilizer alkaloids
with antihypertensive properties, serving as a substitute for R.
serpentina in treating nervous disorders in Kerala region (27). The
plant extracts contain apigenin, emerging as an antitumor and
anticancer phytochemical (97, 98).

R. beddomei

General morphology: R. hookeri, alternatively known as R.
beddomei, is a closely related species found exclusively in the
evergreen Southern area of the Western Ghats (12, 27, 30). It
exhibits dichotomous branching, reaching a 1.5-2 m height and
distributed at elevations up to 700 m. It is an endangered
species according to IUCN status and endemic to the Southern
Western Ghats of India (99, 100). The plants are shrubs with
leaves typically arranged in threes, measuring 4-10 x 2-3.5 cm,
shaped like elliptic-lanceolate, pointed at the top and tapering
at the base. Clusters of flowers arise from the leaf axils,
exhibiting dichotomous branching. Slender peduncles extend 3
-8 cm in length. The small flowers have a pinkish-white corolla,
with a 0.4-0.5 cm long tube and swollen beneath the throat
where the stamens attach. The throat is hairy, with five lobes
measuring 0.1-0.15 cm each. The five stamens are included and
a cup-shaped disc is present. The carpels are partially fused
halfway up, with two ovules, a united style (except at the base)
and a capitate stigma bifurcated at the tip. The drupes are
partially fused, each measuring 0.5-0.6 cm in length and 0.3-0.5
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c¢m in width, ovoid with a beak and turn purple when ripe. The
seeds, typically 1-2 in number and wrinkled.

Ethnopharmacology: Local people use this plant to treat
indigestion, diabetes, piles, headache, toothache, cough, cold,
urinary troubles, body temperature and white discharge in
women. R. hookeri (R. beddomei) serves as an alternative to R.
serpentina and R. tetraphylla, displaying noteworthy properties
and is extensively utilized by tribes in South India for easing
stomach pain and muscle aches, promoting uterine
contraction, addressing coughs and colds, managing skin
diseases and treating mental disorders and hypertension (84).

R. densiflora

General morphology: Plants are shrubs with milky latex up to 1.5
m height, leaves are 3-4, at a node 14 x 6 cm, obovate abruptly
acuminate, base acute to alternate subcoriaceous with
prominent lateral nerves. Petiole is 2 cm long and cymes are
terminal or axillary. The peduncle is 5-8 cm long and flowers
are white, pedicellate and pedicels are 1 cm long. Calyx lobes
acuminate glabrous and reddish. Corolla is 1 cm long lobes
ovate acute. Stamens are 5 and anther sagitate. Carpels are 2
and 2 ovules in each carpel. The style is filiform, with two clefts
at the base and a stigma calyptriform. Capsules are 10 x 8 cmin
size, oblong and smooth.

Ethnopharmacology: It is consumed as a contraceptive after
crushing bark with coconut. Bark juice is used to ease
childbirth. Fruits are ground into a paste in coconut oil and
applied externally to heal cuts and wounds. The paste
prepared from unripe fruits is used to treat psoriasis. The fruit
sap is used to treat ringworm. Leaves are powdered with salt
and used to treat cough. Root sap is a remedy for cold, cough,
peptic ulcer and mouth infections. Leaf extract in water is used
to treat fever, tuberculosis, sough and sting of sting rays. Root
or bark powder is used to treat urinary tract infections. After
warming with oil, leaves are used to massage sprains and
broken bones. Crushed leaf sap is used to treat rheumatism.
The paste prepared from leaves is used to cure insect bites,
scorpion stings, snake bites and hypertension.

Phytochemistry of Rauvolfia species
Southern Western Ghats of India

reported from

The classification of genus Rauvolfia is marked by the existence
of substantial quantities of monoterpenoid indole alkaloids
(MIAs) like serpentine, ajmaline, reserpine, deserpidine,
rescinnamine and yohimbine (12). These compounds
demonstrate a varied range of structures and biological effects.
The alkaloids belong to three categories: indole alkaloids with
weak basic properties, those with intermediate basicity and
potent anhydronium bases (12, 101-103). 224 MIAs, two
additional alkaloids and fourteen non-alkaloidal compounds
have been enumerated from Rauvolfia (104). The constituents
present in Rauvolfia encompass alkaloids, flavonoids, fatty
acids, terpenes, iridoids, sterols and sugars. The predominant
category of potent phytochemicals identified is indole
alkaloids, primarily localized in the roots.

Every part of the R. serpentina plant harbours alkaloids, with
the root containing the highest proportion, approximately 85-
90 % of the overall alkaloid content (19). The total alkaloid yield
in R. serpentina varies from roughly 0.8 % to 1.3 % of the dry
weight (105-107). The primary alkaloid in R. serpentina is
reserpine, initially identified in 1952 (108). A comprehensive
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collection of compounds documented from R. serpentina has
been assembled (19). A thorough repository of molecules from
the R. serpentina plant has been created as a database (109).
Among these, 86 phytomolecules were sourced from roots,
stems, leaves or root bark, predominantly from the roots of R.
serpentina. Fifty-five molecules were exclusively from cell
culture, including hairy root culture and three were common to
both the plant and cell culture. The specific plant part was
unspecified for six molecules (19). Alcohol-based extracts of R.
serpentina showed the presence of quercetin, rutin and
kaempferol (110-112). Five new indole alkaloids were discovered:
N(b)-methylisoajmaline, 3-hydroxysarpagine, yohimbinic acid, N
(b)-methylajmaline and isorauhimbinic acid in the dried roots of
R. serpentina. Another alkaloid, 21-O-methylisoajmaline, of the
ajmaline type, was found in the roots of R. serpenting, along with
twenty-one known compounds. These compounds included B-
sitosterol, loganic acid, tetrahydroalstonine, stigmasterol,
reserpinine, reserpine, yohimbine, 6'-0-(3,4,5-
trimethoxybenzoyl) glomeratose A, venoterpine, isoajmaline,
rescidine, methyl 3,4,5-trimethoxy-trans-cinnamate, suaveoline,
-sitosterol ~ 3-O--D-glucopyranoside,  3-epi-a-yohimbine,
stigmasterol 3-O-B-D-glucopyranoside, 7-deoxyloganic acid,
ajmaline, (+)-tetraphyllicine, 3-hydroxysarpagine and sarpagine
(113). The water extract of R. serpentina seeds contained
polysaccharides, yielding three methylated derivatives each of
glucose and mannose after methylation and sulfuric acid
hydrolysis (114).

R. tetraphylla is revealed to harbour a diverse array of
secondary metabolites, notably alkaloids, with reserpine
standing out as a significant alkaloid (25, 115, 116). R.
tetraphylla contains twenty-two known indole alkaloids (84,
117). R.canescens, a synonym for R. tetraphylla, was found to
produce ten indole alkaloids in Southern Srilanka namely
corynanthine, ajmaline, a-yohimbine, deserpidine,
isoreserpine, yohimbine, reserpiline, arcine, isoreserpiline and
lankanescine (118-120). Reserpine, verticillatine, ajmaline,
spegatrine, dispegatrine and vellosimine constitute the
primary alkaloids extracted from the root of R. densiflora (syn.
R. verticillata) (121). Additionally, rescinnamine, reserpinine,
reserpiline, sarpagine, isoreserpinine and densiflorine have
been documented as alternative alkaloids present in R.
densiflora (84). The chloroform extract of R. verticillata yielded
three indole alkaloids such as 7-hydroxynoracronycine,
raunescine and sandwicine and one acridone alkaloid,
identified as ajmalicine B (13). Notably, the acridone alkaloid
represents a novel compound extracted from the Rauvolfia for
the first time (14). Additionally, five newly discovered hexacyclic
MIAs, namely, 17-epi-rauvovertine A, 17-epi-rauvovertine B,
rauvovertine A, rauvovertine B and rauvovertine C, have been
isolated from R. verticillata (R. densiflora) (122).

Various principal bioactive compounds reported in the
five Rauvolfia species are listed in Table 1 and 2 contains the
uses of significant alkaloids reported from these five species of
Rauvolfia. The chemical structure of major phytochemicals is
givenin Fig. 6.

Propagation of Rauvolfia species

The relentless depletion of sarpagandha from forests, coupled
with neglect of its regeneration, has led to a decline in wild
populations, pushing it into a precarious and endangered
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Table 1. List of bioactive phytochemicals reported from five species of Rauvolfia from Southern Western Ghats of India

Species name Principal phytochemicals reported References
Reserpine, Raubasine, Ajmalicine, Isoraumbine, Raugalline, Rauwolfine, Serpine, Rescinnamine, 9)
Rescinnamine, Rescinnamidin, (64)
R. serpentina Rescinnaminol, Isorauhimbic acid, Yohimbic acid, Arbutin, Rescidine, deserpidine, Seredine,
S (66)
Reserpic acid
Myricetin, Quercetin, Cyanidin, Delphinidin (103)
(29)
Reserpine, 8-octadecenoic acid, Pentadecanoic acid, Ajmaline, Yohimbine, Reserpiline, Iso (64)

reserpine, Deserpidine, Isoreserpiline, Lankanescine, Corynanthine, Aricine, Seredine, Rescidine, 18-

R. tetraphylla hydroxy yohimbine, Reserpic acid, Labdane diterpene, Alstonine, Ajmalicine, Phenanthrenone, 8 (116)
carotene, Myricetin, Quercetin, Cyanidin ((123))
124
. Reserpine, Quercetin, Apigenin, Ajmaline, Ajmalicine, Yohimbinic acid, Seredine, Deserpidine,
R. micrantha Rescidine, Reserpic acid, Yohimbine (64,125)
R. densiflora Luteolin, Quercetin, Sarpagine, Reserpine, Ajmaline, Densiflorine, Vitamin C (12, 64, 84)
. Reserpine, Quercetin, kaempferol, Apigenin, Kaempferol, kaempferol-3-O-D-glucoside, Apigenin-3-0

R. beddomei -D-glucoside, Apigenin-7-O-neohespiridoside, Lycopene (18, 29, 64)
Table 2. List of major alkaloids from 5 species of Rauvolfia reported from Southern Western Ghats of India and their uses
Name of the phytochemical Uses Reference

. - Antihypertensive, Antidepressant, Antipsychotic, Tranquilizer, Inhibits
Reserpine (indole alkaloid) monoamine transporter, Anti-cancerous (126, 127)
Alstonine (indole alkaloid) Antitumor, Antipsychotic (128-130)
Serpentine (alkaline anhydronium Antioxidant, Tranquilizer, Antihypertensive, Anti-cancerous, DNA intercalating
alkaloid) agent (85,102, 130)
Ajmaline (terpene indole alkaloid) Blocks Na*/K* channel, Treats abnormal heart beats (antiarrhythmic) (101, 126)

T, . Antihypertensive, Tranquilizer, Treats schizophrenia, Inhibits melanoma, brain
Deserpidine (indole alkaloid) metastasis (MBM) (131-133)
Reserpiline (indoline . . . .
alkaloids having intermediate alkalinity) Antipsychotic, Antihypertensive (89)
Yohimbine (indole alkaloid) Blocks alpha adrenoreceptor, Aphrodisiac chemical (93)
gleksaclliﬁr;?mlne (indole alkaloid weakly Helps in sleep, Antihypertensive (12, 66)
Ajmalicine (indole alkaloid) Antagonist activity to androgen receptor, Antihypertensive, Tranquilizer (126)

A Reserpine B. Deserpidine ‘ C . Densiflorine

HO,
[=]

/
g

G . Serpentine

o
.-l\ -
H

\
E. Ajmaline

OH ©

M. Apigenin N. Myricetin O . Quercetin P Luteolin

Fig. 6. Chemical structure of commonly found phytochemicals from the various species of Rauvolfia reported from Southern Western Ghats of
India. (A-K: alkaloids) and (L-P: flavonoids) drawn in Chemdraw (https://chemdrawdirect.perkinelmer.cloud/js/sample/index.html) by taking
Pubchem (https://pubchem.ncbi.nlm.nih.gov/) database as reference.
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state, particularly in India (133). Uncontrolled harvesting,
habitat loss, human and biological interference and over-
exploitation pose additional significant threats to the wild
resources of Rauvolfia. There is an imperative need to develop
advanced agro-technology for its systematic domestication
and cultivation. The availability of high-quality planting
material is indispensable for profitable cultivation. Although
the crop propagated by seeds is renowned for providing
superior quality material and increased yield, the germination
of sarpagandha seeds is notably deficient. Soaking of R.
serpentina seeds overnight with gibberellic acid solution (GAs)
enhances seed germination (134). Mechanical and chemical
scarification of R. serpentina seeds did not enhance
germination, it suggests that germination inhibitors may exist
within the seeds (135). The germination process of R.
serpentina seeds seems intricate, necessitating additional
research to comprehend the underlying mechanism. Seed-
mediated propagation is ineffective due to dormancy and a low
germination percentage. GAs and potassium nitrate (KNOs) for
R. tetraphylla seeds and GA; and hydrogen peroxide (H.0,) for
R. serpentina seeds to address dormancy and expedite
germination (136). Their findings revealed that R. serpentina
germination percentage increased to 48.65 % (GAs) and 34.94
% (H20,) from the original 11.27 % for untreated seeds.
Conversely, the initial germination percentage for R.
tetraphylla, at 31.26 %, elevated to 56.66 % (GAs) and 52.70 %
(KNOs). R. serpentina is a paramount medicinal plant in India,
but prolonged intense exploitation has rapidly diminished its
natural reserves. Consequently, it is classified as endangered,
featuring on the convention on international trade in
endangered species of wild fauna and flora (CITES) list due to
substantial commercial depletion. The issue is compounded by
low seed germination rate, hampering natural propagation and
cultivation (137).

Historically, seed propagation has been employed, but
this approach has numerous drawbacks, including low seed
setting, subpar seed germination and a heightened likelihood
of genetic variation. These issues not only diminish the quality
and quantity of secondary metabolites but also impede the
swift propagation of this plant. Therefore, using synthetic seed
production technology, specifically through alginate
encapsulation, proves to be an efficient method for the short-
to mid-term storage and exchange of germplasm, concurrently
with in vitro propagation for Rauvolfia spp. (121, 138-141). A
technique for effective in vitro conservation of R. serpentina
genetic material by enclosing or encapsulating shoot tips (137).
The resultant synseeds showcase peak storage potential
lasting up to 14 weeks and a heightened regrowth frequency.
This method provides a remedy for the intrinsic issue of limited
seed germination, potentially facilitating a simple pathway for
the widespread cultivation of this vital medicinal plant. The in
vitro clonal multiplication of R. serpentina, involving direct
regeneration from shoot tip explants (142). The cuttings from
1.5-2 years old R. serpentina plants collected from various parts
to facilitate propagule development (143). Root formation and
successful propagule development from cuttings taken from
root, stem and root-stem junctions were 62 %, 42 % and 78 %,
respectively. Lower concentrations of naphthalene acetic acid
(NAA), 2,4-dichlorophenoxyacetic acid (2,4-D) and indole-3-
butyric acid (IBA) stimulated root formation and propagule
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development from stem cuttings. Notably, 2,4-D at 5 ppm
demonstrated the most substantial positive influence on both
root formation and propagule development (100 %), followed
by IBA (83 % at 50 ppm) and NAA (66 % at 10 ppm). The
combination of IBA and NAA had a modest positive effect on
rooting (143, 144). R. serpentina exhibited increased growth
under double or triple doses of nitrogen, phosphorus and
potassium (NPK), especially with higher nitrogen (N) supply.
The crude alkaloid contents of the roots experienced a
noteworthy increase only under elevated nitrogen levels.

R. serpentina can also be propagated from shoot or nodal
shoot explants by clonal propagation procedure using Murashige
and Skoog (MS) medium with the addition of IAA and 6-
benzylaminopurine (BAP). MS medium procedure with BAP and
IAA can be used to multiply axillary buds of R. micrantha and R.
tetraphylla (145). The primary impediment to the natural seed
propagation of R. tetraphylla lies in inadequate seed germination
(146). Despite the seeds demonstrating high viability (83.1 %) in
their natural surroundings and containing viable embryos, it is
evident that viability alone does not explain the suboptimal seed
germination of this valuable medicinal plant. To address this
issue, an efficient protocol has been devised for R. tetraphylla
(146). Among the various treatments, the highest ex vitro seed
germination rate (13.33 %) was attained when the seeds
underwent treatment with 100 ppm of GAs. The response of in
vitro germination varied under different conditions, with the rate
significantly surpassing that of ex vitro germination. In MS
medium without plant growth regulators supplements, the rate
reached 78 %, while it was 70 % and 78 % in cotton beds under
light and dark conditions, respectively. Additionally, an
incubator's temperature of 37 °C yielded an 80 % germination
rate.

The hard seed coat in R tetraphylla hinders
germination and its removal facilitates germination. Plantlets
cultured in vitro were effectively acclimatized in a natural
environment, producing flowers and generating seeds.
Optimal results for in vitro shoot regeneration, reaching a
success rate of 90.7 %, were achieved using nodal segments
cultured on MS medium supplemented with 2.2 mg/LBA and
0.1 mg/L NAA. R. micrantha can also be propagated by somatic
embryogenesis of root segments (147). Alkaloids like ajmaline
and ajmalicine may be produced from R. micrantha using
hairy root cultures (148). Vegetative propagation of hardwood
and softwood of R. densiflora is facilitated by using plant
growth regulators such as IAA and IBA. At the same time,
axillary buds and leaf explants showcase better results during
callus induction when the MS medium is used in addition to
2,4-D in micropropagation (149). Culturing shoot tip explants
of R. beddomei on a medium containing half-strength MS
medium, supplemented with various cytokinins (6-
benzylaminopurine, thidiazuron and 6-furfurylaminopurine),
either individually or in combinations, resulted in the
production of a lot of shoots (150). Currently, in vitro
biotechnological aspects, including direct regeneration,
indirect regeneration through callus formation, synthetic seed
production, somatic embryogenesis, hairy root culture and
polyploidy induction, contribute significantly to the successful
propagation of different Rauvolfia species (151).
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Economic importance of Rauvolfia species and demand of
R. serpentina in global herbal market

For the Western medicine on antihypertensive and nootropic
attributes of the R. serpentina root resulted in its recognition as
either serpentine root or Rauvolfia root (62). R. serpentina
stands out among the 178 medicinal plant species engaging in
substantial trade in India, with an annual domestic demand of
588.7 tonnes in 2004-2005 (18). Notably, India is a prominent
source for a noteworthy share of the drug's commercial supply
to the USA and European countries (152). The essential
ayurvedic products derived from sarpagandha, include
sarpagandha ghan vati, sarpagandha yoga, sarpagandha
churna and maheshwari vati. Recognizing its agro-economic
significance, some farmers in Prayagraj have taken up
sarpagandha cultivation (153). The crop typically matures over
a three-year period, during which the subaerial parts dry and
the primary roots extend to a depth of 0.9 meters. The average
yield is approximately 3000 kg of dried roots per hectare and 8-
10 kg of seeds (153). The plant's roots and leaves are valuable
components. Due to the lucrative nature of its cultivation,
farmers have ventured into commercial production,
discovering that the average cultivation cost is around Rs.
110000.00 per hectare. At the same time, the gross return
amounts of about Rs. 420000.00 per hectare, which results in a
favourable benefit-cost ratio of 1:2.81, surpassing that of
traditional crops (153). The price of Rauvolfia supplements in
various countries is very high, ranging around Rs. 250.00- Rs.
8000.00 per 100 g due to the presence of highly crucial
medicinal bioactive compounds such as reserpine, ajmaline,
sarpagine and apigenin. Almost every part of these plants has
medicinal value, though the numbers of bioactive compounds
differ from species to species (12).

According to the data acquired from Indian trade
(Import/Export) statistics (2016), India exports 113.0 Kg (3,283.8
USD/Kg), 1.01 kg (4,745.0 USD/Kg), 0.20 Kg (724.5 USD/ Kg) and
0.55 Kgs (9,483.1 USD/Kg) of reserpine APl (active
pharmaceutical ingredient) to China, Thailand, Russia and
Canada respectively.

Adulteration of Rauvolfia species in the market samples

The fraudulent inclusion of adulterants is a prevalent deceit in
the trade of herbal raw materials. An adulterant plant may
share similarities with a genuine plant but is substantially
distinct, inferior, less potent or contains a lower percentage of
active constituents (154). India needs 650 tons of dry Rauvolfia
annually (155). The adulteration process differs depending on
the resources available. R. heterophylla, R. canescens, R. caffra
and R. vomitoria were recognized for having varying levels of
indole alkaloids and were employed as suitable alternatives to
R. serpentina (156, 157). R. serpentina roots could be tampered
with R. hookeri, R. tetraphylla, R. micrantha, R. vomitoria and R.
verticillata. These species function as stand-ins because,
although there are some variations in the quantity and quality
of phytochemicals, they resemble real herbal medication. R.
serpentina experiences two types of adulteration. Due to the
easy availability of similar species like Clerodendrum
paniculatum, Ophiorrhiza mungos and invasive species R.
tetraphylla, these species are sold in the market instead of R.
serpentina and this is regarded as intentional adulteration. As
we observed during field visits, the habitat overlapping of R.
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serpentina with morphologically similar species like Chassalia
curviflora leads to using the later as an unintentional
adulterant. Ophiorrhiza mungos, white and red flower varieties
of Clerodendrum spp. (Clerodendrum paniculatum), Chassalia
curviflora and roots of other less effective Rouvolfia spp., such
as R. perakensis, R. beddomei, R. densiflora and R. tetraphylla,
are found as adulterants in market samples of Rauvolfia root
due to its high industrial demand (80) (Fig. 7a & b).
R. micrantha and R. beddomei display notable morphological
resemblances, posing a challenge in distinguishing them, even
when they are in the flowering stage (97). Though the medicinal
worth of R. beddomei is inferior to that of R. micrantha, mainly
due to the less reserpine, R. beddomeiis used as an adulterant
for R. micrantha.

Ecological threats of the genus from the study area

The genetic wealth of this plant faces substantial risks due to
heightened human activities such as deforestation, habitat
modifications and unsustainable harvesting for commercial
purposes (158). The concept of a forest gene bank entails
intentionally establishing and tailoring a diverse collection of
genetic resources to protect the genetic diversity of the R.
serpentina plant. The species was classified as "endangered" in
the Southern regions of India, encompassing states like
Karnataka, Kerala and Tamil Nadu, as well as in central India.
Based on data from workshops hosted by the conservation
assessment and management plan (CAMP), several researchers
have documented a gradual population decline of over 50 %
between the 1985 and 1995 censuses. These researchers
attribute this decline to habitat loss resulting from human
consumption and use for medicinal purposes (159).

The indigenous populations of Rauvolfia species in the
Western Ghats have undergone a notable decrease in recent
decades, predominantly due to widespread root harvesting
and the removal of plants from their native environments (160).
The rapid decline of this species in India, characterized by low
alkaloid content, can be attributed to genetic erosion (161). In
1998, another CAMP workshop in Bhopal categorized the same
species as "critically endangered" in Maharashtra, with an
observed decline rate exceeding 80 % from 1988-1998 (162).
Most populations were at risk primarily due to the collection for
medicinal use and trade (163). Subsequent research findings
led various researchers to determine that the species was
categorized as "vulnerable" in Southern India, encompassing
Kerala, Odisha and Tamil Nadu (164). Researchers indicated
that fragmentation could significantly affect the pronounced
genetic differentiation observed in R. serpentina. This finding
suggests that the primary factors jeopardizing this species
encompass human disruptions like extensive deforestation,
forest fires and agricultural activities. The challenges lie in
sustaining seed viability across extended intervals between
seed years, protecting seeds from animal damage and
addressing difficulties in germination and dispersal. While
losing individual plants in specific locations may not promptly
reduce genetic diversity, such losses pose perilous long-term
repercussions. Preserving endangered species hinges on
sustaining a sizable population.

The degradation of its habitat and excessive harvesting
for medicinal purposes pose significant threats to this plant
(146). Its small stature, slow growth, limited regeneration and
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Fig. 7 (A, B). Rauvolfia species using as adulterants.

limited distribution render it highly susceptible to human
exploitation. Additionally, pharmaceutical companies heavily
rely on materials obtained from naturally occurring plants,
contributing to the rapid depletion of this endangered plant
species. The combination of indiscriminate collection and
limited cultivation has led to its scarcity, resulting in its
classification as an endangered plant in India (165). The
extensive use of this plant for its diverse medicinal applications
is @ major threat (136). In another report, the plant is described
as critically endangered due to widespread and unregulated
wild collection, poor seed germination and insufficient
commercial plantations (166).

Despite the favorable climatic conditions in the Western
Ghats region, creating a suitable habitat, the populations of
these shrubs are dwindling rapidly due to various ecological
and biological factors. Factors such as endemism, restricted
distribution, small populations in accessible areas, significant
anthropogenic pressure on forest land, constraints in

pollination and inadequate seed viability have collectively
contributed to its global decline, designating it as rare and
endangered (27). The Western Ghats stands out as the richest
in biodiversity in terms of the diversity of plant species and the
prevalence of unique taxa within Peninsular India. A multitude
of plants in this region, R. beddomei included, are progressively
becoming scarcer due to excessive commercial exploitation (4).

Regrettably, these plants confront imminent peril from
poachers due to inappropriate harvesting techniques and
ineffective preservation approaches. R. serpentina, renowned
for yielding the coveted reserpine drug with calming and
antihypertensive attributes, is especially susceptible. Its
inclusion in the endangered plant roster is ascribed to
unregulated use and insufficient traditional propagation and
conservation methodologies (20). Considering their economic
value and the precarious state of the ecosystem resulting from
unsustainable extraction, species like R. serpentina demand
particular attention. Because reserpine and other
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pharmacologically active alkaloids have been found in allied
species of Rauvolfia, such as R. tetraphylla and R. micrantha, a
recent study from India has shown that these roots are heavily
exploited. Habitat overlapping with invasive species like
Chasalia curvifloara or Osbeckia stellata and invasive allied
species like R. tetraphylla are the primary threat to R.
serpentina and R. micrantha. Throughout our field survey, we
have noticed that habitat overtaking by these invasive alien
species is key to the biodiversity loss of medicinally significant
species like R. serpentina and R. micrantha (Fig. 8a-c).

The species R. micrantha is sparsely found in natural
habitats due to significant threats like habitat degradation,
population fragmentation and a limited ecological niche (28).
Factors such as endemism, restricted small populations in
accessible areas, significant anthropogenic pressure on forest
land, constraints in pollination and inadequate seed viability
have collectively contributed to its global decline, designating it
as both rare and endangered (27, 31). While conducting our field
excursions, we witnessed stone mining quarries and stone
crusher units in Travancore (specifically in Palai, Poovarani and
Kangazha), significantly impacting the natural environments of
R. micrantha. These units' airborne dust and rock fragments are
disrupting the population hindering flower pollination.
Concurrently, the areas surrounding these quarries are being
cleared, further contributing to the loss of habitat for the species.

Our extensive field work revealed the following reasons:
significant threats to the R. densiflora species in the Wagamon
area of the Southern Western Ghats of India. In the
development of tourism-related facilities like hotels, resorts
and golf courses in the natural habitat has resulted in habitat
loss of R. densiflora. Another major threat to R. densiflora in this
region is the installation of 11 KW electricity power lines. These
power lines necessitate the clearance of vegetation and
subsequent maintenance beneath them. The routine removal
of flora by electricity board officials for the upkeep of these
power lines also negatively influences the natural environment
of the R. densiflora species. There are limited opportunities to
mitigate these impacts on R. densiflora by adjusting the routes
of the power lines. We have observed that removing the R.
densiflora population for agricultural use and eliminating
weeds along national/state highways under the national rural
employment guarantee scheme initiative is also leading to the
degradation of the natural habitat of R. densiflora (Fig. 9). We
have noticed massive devastation of R. densiflroa populations
in Periya (Nempoyil-Mananthavady highway) study area
regions as part of land clearing for agricultural purposes.

Locals and officials in Thenmala ecotourism project
have observed the main issues concerning domestic and
foreign tourists are wildlife disturbances, non-biodegradable
waste disposal, destruction of natural habitats, destruction of
cultural heritage and conflicting attitudes (167). This habitat
destruction and anthropogenic activities can be considered a
major threat to the species. R. beddomei population is
progressively becoming scarcer due to excessive commercial
exploitation (4). During our visits, we observed two notable
alterations in land utilization within the research area. The
transition from forested areas to agricultural land and the shift
from agricultural activities to non-agricultural uses. This
signifies that adverse human-induced pressures, managerial
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shortcomings and natural elements have transformed the
predominant natural vegetation in the Shenduruny area (the
native habitat of R. beddomei) into grasslands. Forest pressure
continues to escalate driven by expanding agricultural
activities, encroachment and population migration. Several
factors contribute to forest degradation in the study zone, with
population increase due to migration particularly noteworthy.
The local community comprises individuals of diverse
backgrounds, including settlers, migrants and cultivators
residing on the fringes of the forest alongside tribal
communities in and around the study area. The individuals
who arrived during the construction of dams at Neyyar and
Peppara have primarily contributed to the land pressure in the
Shenduruny area. Other factors include encroachment, the
transformation of forest land for agriculture and plantation
activities. Presently, with the intervention of the Rubber Board,
the main beneficiaries appear to have gained significantly.
Recently, the increasing emphasis on promoting recreation has
had extensive implications for their lives. There is a lack of
control over the shifting cultivation of Kani tribals and
encroachment by individuals from the plains.

Current status of research

Rauvolfia, a significant genus relevant in pharmaceutical and
agricultural contexts, has been extensively examined by
diverse researchers for different aspects, Such as
phytochemistry, ethnopharmacology, biodiversity
conservation biology and population biology. In the current
context, researchers are particularly exploring the genus for its
diverse medicinal attributes, including but not limited to
anticancer, antioxidant, psychotic and antimicrobial
properties. The anticancer effects of methanolic extracts from
R. serpentina leaves on HepG2 and Hells cells (168). The
suitability of habitats for a valuable non-timber forest product,
focusing on R. serpentina (169). The antihypertensive and anti-
hyperlipidemic effects of Allium sativum and R. serpentina in a
rat model induced with hypertension and high-fat conditions
(70). The impact of in-vitro culture age on the morphology,
antioxidant activities, reserpine production and genetic fidelity
of Indian snakeroot (R. serpentina) (170). The impact of varying
concentrations and combinations of plant growth regulators
on the regeneration of plantlets in R. serpentina from cell
suspension culture (171). There are reports about multi-omics
approaches for breeding in medicinal plants, focusing
specifically on Rauvolfia species (172). Analytical techniques for
measuring natural indole alkaloids found in Catharanthus and
Rauvolfia (173).

Chemometric approach based on nuclear magnetic
resonance (NMR) to identify agents with chemo-sensitizing
properties for colorectal cancer within R. vomitoria (174). The
anti-fouling capabilities and conducted an in-silico analysis of
carotenoids and fatty acids derived from R. tetraphylla (175).
The precise distribution of monoterpenoid indole alkaloids
within R. tetraphylla, employing advanced high-resolution
mass spectrometry imaging techniques (176).
Pseudocercospora rauvolfiicola, a new species responsible for
foliar disease in India's medicinal plant R. serpentina, was
discovered and studied (177). The growth of published
literature for five species of Rauvolfia reported from the
Southern Western Ghats of India is given in the graph (Fig. 10).
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Fig. 9. Devastation of R. densiflora natural habitat for agricultural land clearing.
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Fig. 10. Number of published papers from 1963 to 2023 for five species of Rauvolfia reported from Southern Western Ghats of India on the

basis of Pubmed database.
Conclusions and future perspectives

The present review furnishes about five Rauvolfia species
reported from the Southern Western Ghats of India. This is the first
study that provides comprehensive information about the five
reported species of genus Rauvolfia from the Southern Western
Ghats of India. The study encompasses information on the
biogeography of five Rauvolfia species from Southern Western
Ghats of India, taxonomy and chemotaxonomic markers for the
species, general morphology, ethnopharmacology,
phytochemistry, principal phytochemicals and their structures,
the use of phytochemicals in treating various diseases,
cytogenetics, plant propagation, adulterations, threats to the
plants, conservation status, economic importance, current
research status and the growth of published literature associated
with the five Rauvolfia species such as R. serpentina, R.
tetraphyla, R. micrantha, R. densiflora and R. beddomei. While
prior literature predominantly focuses on two species, R.
serpentina and R. tetraphylla, there is limited existing data on the
other three species. Given their medicinal significance and the
presence of bioactive compounds crucial to the pharmaceutical
industry, these plants face anthropogenic exploitations, resulting
in their critical endangerment and susceptibility to extinction.
Extensive exploitation has pushed these species to extinction in
their natural habitat. Phytochemical analysis of threatened
Rauvolfia species such as R. beddomei in the Western Ghats, has
identified as alternative sources of reserpine. This could help to
reduce the risk associated with R. serpentina decline.
Furthermore, integrating analytical techniques in investigating
phytochemicals from the endangered Rauvolfia species
significantly aids in dereplication.

Despite biotechnological intervention studies for drug
extraction, it is imperative to reinforce cytogenetics,
bioprospecting, ecology and molecular authentication using
DNA barcoding and conservation biology studies. DNA-based
molecular authentication of Rauvolfia plants is crucial for
ensuring the quality and safety of herbal pharmaceuticals and
nutraceuticals. This approach has the potential to substantially
enhance the medical efficacy and economic viability of herbal

products. Addressing somaclonal variations associated with
culture systems is pivotal in any in vitro conservation effort.
Strong partnerships are needed among institutions and
centers of excellence, specifically focused on researching
diverse facets of genetic conservation for these endangered
medicinal plants. Recently, gene cloning technology has
experienced substantial advancements across various
ecological realms. The application of cloned segments of
chromosomal DNA as genetic markers, often denoted as
'RFLPs' (restriction fragment length polymorphism), has
garnered noteworthy importance. It is recommended that
phylogenetic studies be strengthened, as they play a crucial
role in guiding conservation policies when conservation
biologists face challenging decisions regarding preserving
species that are at risk of extinction. Phylogenetics reveals the
historical development of genetic sequences and provides
overarching principles that allow us to anticipate future
changes. This holds fundamental significance and proves
highly valuable for various practical applications. This review
will help future researchers develop strategies to protect these
species from extinction, ensuring judicious utilization of these
plants and their products for human welfare. Such measures
contribute to species preservation and benefit the country's
economy, as these plants serve as major sources of precious
chemicals for treating various diseases.

Acknowledgements

We acknowledge the funding agency Department of Science &
Technology (DST) - Science and Engineering Research Board
(SERB), New Delhi, India, for supporting this work (File No.
SRG/2021/001114, Dated 30" December 2021) as start-up
research grant awarded to the corresponding author.

The corresponding author wish to thank Prof. S. P.
Bansal, Honourable Vice Chancellor, Central University of
Himachal Pradesh; Prof. Suman Sharma, Registrar Central
University of Himachal Pradesh; Prof. Pardeep Kumar, Dean
Academics, Central University of Himachal Pradesh; Prof. Sunil

https://plantsciencetoday.online


https://plantsciencetoday.online

Kumar, Dean, School of Life Sciences, Central University of
Himachal Pradesh; Dr. Sachin Upamanyu, Head of the
Department of Plant Sciences; Prof. Narendra Kumar, Finance
Officer, Central University of Himachal Pradesh and other
administrators of Central University of Himachal Pradesh,
Dharamshala who facilitated the smooth conductance of this
project work. Their assistance in obtaining the appropriate
authorizations,  organizing  logistics and  handling
administrative tasks was critical to the efficient execution of
this project.

We would like to express our heartfelt gratitude to Prof.
Sabu Abdul Hameed, Pro-Vice Chancellor, Kannur University,
Kerala; Prof. Denny Thomas, Department of Plant Sciences,
Central University of Kerala; Dr. K.K. Sabu, Principal Scientist,
Biotechnology and  Bioinformatics  Division  TBGRI,
Thiruvananthapuram and Dr. Jasmine Shah, Assistant
Professor Department of Plant Sciences, Central University of
Kerala for their support during the fieldwork. Furthermore,
Dr. Nair would like to acknowledge the support and
collaboration of “Walk with Vee Cee” group members
during the field work for this research project. She is
deeply grateful to the members for their trust, honesty,
and willingness to share their experiences. She is
specifically grateful to the group members Mr.Vinay Raj,
Mr. Rajendran Chooliyad and Mr. Manoj Karingamadathil
for their support for locating the species from the study
area and for collecting samples.

Authors' contributions

VDN conceived, designed and edited the manuscript. VDN has
conducted the field study and collection of various species
from the study area. PA has compiled the first draft of the
manuscript. GA critically reviewed the manuscript. KA has
provided laboratory facilities during fieldwork. SA assisted in
formatting the manuscript as per journal’s guidelines. NA and
TA have assisted in locating and collecting species from
various places in the study area. All authors read and
approved the final manuscript.

Compliance with ethical standards

Conflict of interest : The authors declare that they do not
have any conflict of interest.

Ethicalissues: None

References

1. Ramachandra TV, Bharath S. Carbon sequestration potential of
the forest ecosystems in the Western Ghats, a global biodiversity
hotspot. Nat Resour Res. 2020;29(4):2753-71. https://
doi.org/10.1007/s11053-019-09588-0

2. Singh P. Floristic diversity of India: An overview. In: Dar G, Khuroo A,
editors. Biodiversity of the Himalaya: Jammu and Kashmir state.
Topics in Biodiversity and Conservation. Springer: Singapore; 2020.
p. 41-69. https://doi.org/10.1007/978-981-32-9174-4_3

3. Ramesh B, Pascal JP, Franceschi P. Distribution of endemic
arborescent evergreen species in the Western Ghats. In: CK
Karunakaran, editor. Proceedings of the rare, endangered and

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

17

endemic plants of Western Ghats, KFD, Wildlife Wing, Trivandrum,
1991, p. 20-29.

Mohanan NN, Sivadasan M. Flora of Agasthyamala. 2002.

Manisha Jyothi NB, Kumar BA, Jayashree |, Geetha DH. Survey of
critically endangered flora of Western Ghats of India. J Pharm
Negat Results. 2022;6103-08. https://doi.org/10.47750/
pnr.2022.13.510.754

Krishnan PN, Decruse SW, Radha RK. Conservation of medicinal
plants of Western Ghats, India and its sustainable utilization
through in vitro technology. In Vitro Cell Dev Biol Plant. 2011;47
(1):110-22. https://doi.org/10.1007/s11627-011-9344-9

Rao AS. A revision of Rauvolfia with particular reference to the
American species. Ann Missouri Bot Gard.1956;43(3):253-54.
https://doi.org/10.2307/2394642

Simoes AO, Kinoshita LS, Koch 1, Silva MJ, Endress SME.
Systematics and character evolution of Vinceae (Apocynaceae).
Taxon. 2016;65:99-122. https://doi.org/10.12705/651.7

Surendran S, Raju R, Prasannan P, Surendran A. A comprehensive
review on ethnobotany, phytochemistry and pharmacology of
Rauvolfia Plum. ex. L. (Apocynaceae). Bot Rev. 2021;87(3):311-76.
https://doi.org/10.1007/s12229-021-09262-2

Linnaeus C. Rauvolfia tetraphylla, species plantarum: Exhibentes
plantas rite cognitas, ad genera relatas, cum differentiis specificis,
nominibus trivialibus, synonymis selectis, locis natalibus,
secundum systema sexuale digestas, vol. 1, Stockholm: Lars
Salvius, 1753; p. 208.

Nair VD, Panneerselvam R, Gopi R. Flavonoid as chemotaxonomic
markers in endemic/endangered species of Rauvolfia from
Southern Western Ghats of India: A preliminary study. Plant Biosyst.
2013;147(3):704-12. https://doi.org/10.1080/11263504.2012.727489

Kumar B, Kumar S, Bajpai V, Madhusudanan KP. Phytochemistry
of plants of genus Rauvolfia. CRC Press. 2020. https://
doi.org/10.1201/9781003014843

Hong B, Li WJ, Zhao CJ. Chemical constituents of Rauvolfia
verticillata. Yao Xue Xue Bao. 2012;47(6):764-68.

Hong B, Li W, Song A, Zhao C. Determination of indole alkaloids
and highly volatile compounds in Rauvolfia verticillata by HPLC-
UV and GC-MS. J Chromatogr Sci. 2013;51(10):926-30. https://
doi.org/10.1093/chromsci/bms191

Helan CJ, Vignesh T. Invitro and in silico study of ethanolic leaf
extracts of Rauvolfia canescens. Res J Chem Environ. 2016;20:8.

Kunwar BB. Establishing in situ gene bank of Rauvolfia serpentina
(L.) Benth Ex Kurtz in Western Nepal with a focus on conservation
and sustainability. Biodivers Intern J Res. 2019;3(4):139-43.
https://doi.org/10.15406/bij.2019.03.00138

Mukerji B. Concluding remarks on Rauvolfia in modern therapy.
Indian J Pharm. 1956;18:433-40.

Bindu S, Rameshkumar KB, Kumar B, Singh A, Anilkumar C.
Distribution of reserpine in Rauvolfia species from India-HPTLC
and LC-MS studies. Ind Crop Prod. 2014;62:430-36. https://
doi.org/10.1016/j.indcrop.2014.09.018

Pathania S, Randhawa V, Bagler G. Prospecting for novel plant-
derived molecules of Rauvolfia serpentina as inhibitors of aldose
reductase, a potent drug target for diabetes and its
complications.  PLOS  ONE.  2013;8(4):e61327.  https://
doi.org/10.1371/journal.pone.0061327

Pant KK, Joshi SD. Rapid multiplication of Rauvolfia serpentina
Benth. ex. Kurz through tissue culture. Sci World. 2008;6(6):58-62.
https://dx.doi.org/10.3126/sw.v6i6.2635

Sulaiman CT, Jyothi CK, Unnithan JK, Prabhukumar KM,
Balachandran . Identification of suitable substitute for sarpagandha
(Rauvolfia serpentina (L.) Benth. Ex. Kurz) by phytochemical and
pharmacological evaluation. Beni-Suef Univ J Basic Appl Sci.
2020;9:42. https://doi.org/10.1186/s43088-020-00069-5

Plant Science Today, ISSN 2348-1900 (online)


https://doi.org/10.1007/s11053-019-09588-0
https://doi.org/10.1007/s11053-019-09588-0
https://doi.org/10.1007/978-981-32-9174-4_3
https://doi.org/10.47750/pnr.2022.13.S10.754
https://doi.org/10.47750/pnr.2022.13.S10.754
https://doi.org/10.1007/s11627-011-9344-9
https://doi.org/10.2307/2394642
https://doi.org/10.12705/651.7
https://doi.org/10.1007/s12229-021-09262-2
https://doi.org/10.1080/11263504.2012.727489
https://doi.org/10.1201/9781003014843
https://doi.org/10.1201/9781003014843
https://doi.org/10.1093/chromsci/bms191
https://doi.org/10.1093/chromsci/bms191
https://doi.org/10.15406/bij.2019.03.00138
https://doi.org/10.1016/j.indcrop.2014.09.018
https://doi.org/10.1016/j.indcrop.2014.09.018
https://doi.org/10.1371/journal.pone.0061327
https://doi.org/10.1371/journal.pone.0061327
http://dx.doi.org/10.3126/sw.v6i6.2635
https://dx.doi.org/10.3126/sw.v6i6.2635
https://dx.doi.org/10.3126/sw.v6i6.2635
https://dx.doi.org/10.3126/sw.v6i6.2635
https://dx.doi.org/10.3126/sw.v6i6.2635
https://dx.doi.org/10.3126/sw.v6i6.2635
https://dx.doi.org/10.3126/sw.v6i6.2635
10.3126/sw.v6i6.2635
https://doi.org/10.1186/s43088-020-00069-5

VADAKEMURIYIL ET AL

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Pascal JP. Wet evergreen forests of the Western Ghats of India:
Ecology, structure, floristic composition and succession. French
Institute, Pondicherry, India. 1988.

Bhattacharjee D, Bhattacharya A, Das D. Medicinal benefits of the
elixir of ancient India: Sarpangandha and the need for its
conservation. In: Biodiversity conservation and sustainable
natural resource management. (Basic to Research). Bharti
Piblications: Kolkata; 2022. p. 114-25.

Kumar S, Kumari D, Singh B. Genus Rauvolfia: A review of its
ethnopharmacology, phytochemistry, quality control/quality
assurance, pharmacological activities and clinical evidence. J
Ethnopharmacol.  2022;295:115327.  https://doi.org/10.1016/
j.jep.2022.115327

Mahalakshmi SN, Achala HG, Ramyashree KR, Prashith Kekuda
TR. Rauvolfia tetraphylla L. (Apocynaceae)- A comprehensive
review on its ethnobotanical uses, phytochemistry and
pharmacological activities. Int J Pharm Biol Sci. 2019;9(2):664-82.

Sankara Rao K, Swamy RK, Kumar D, Singh AR, Bhat KG. Flora of
Peninsular India. 2019. http://peninsula.ces.iisc.ac.in/plants.php?
name=Enicostemaaxillare

Sahu BN. Rauvolfia serpentina 1. Botany and agronomy. Today
and tomorrow’s Printers and Publishers, New Delhi, India. 1979.

Kulloli SK, Sreekala AK. Pollination ecology of Rauvolfia micrantha
Hook. F. (Apocynaceae): A critically endangered medicinal plant
from the Southern Western Ghats. Phytomorphology. 2009;59:96-
101.

Nair VD, Gopi R, Panneerselvam R. lIsolation and structure
elucidation of natural antioxidants from leaves of Rauvolfia
beddomethe - An endemic/endangered medicinal plant from
south Western Ghats of India. Pharm Chem J. 2012;46:35-44.
https://doi.org/10.1007/s11094-012-0730-3

Ahmedullah M, Nayar MP. Endemic plants of the Indian region
(Vol. 1). BSI. 1986.

Subbu RR, Sreekala AK, Kulloli SK. Floral biology of Rauwolfia
micrantha Hook. F.: A rare and endemic medicinal plant of
Western Ghats. Indian J Sci. 2008;1(4):174-77.

Hooker JDM. Flora of British India. L. Reeve. & Co. London.
1882;3:632-34.

Nayar MP. Biodiversity challenges in Kerala and science of
conservation biology. Biodiversity of tropical forests the Kerala
scenario. STEC, Kerala. 1997.

Gamble JS. Flora of the Presidency of Madras. Vol. 3. BSI, Calcutta.
1953.

Kumar V, Subramaniam B. Chromosome atlas of flowering plants
of the Indian subcontinent, monocotyledons. Vol 2. BSI, Calcutta.
1986.

Kumar CA, Bindu S, Chitra CR, Mathew PJ. Taxonomic significance
of fruit and seed morphology in identification of south Indian
Rauvolfia  (Apocynaceae). Rheedia. 2011;21:160-66. https://
dx.doi.org/10.22244/rheedea.2011.21.02.08

Bindu A, Kumar CA. Comparative carpology of south Indian
Rauvolfia species. Phytomorphology. 2014;64:89-99.

Selvaraj D, Sarma RK, Shanmughanandhan D, Srinivasan R,
Ramalingam S. Evaluation of DNA barcode candidates for the
discrimination of the large plant family Apocynaceae. Plant Syst
Evol. 2015;301:1263-73.

Leeuwenberg AJB. Taxa of the Apocynaceae above the genus
level. Series of revisions of Apocynaceae. XXXVIII. Wageningen
Agric Univ Pap. 1994a;94(3):45-60. https://edepot.wur.nl/471461

Endress ME, Bruyns PV. A revised classification of the
Apocynaceae SL. Bot Rev (Lancaster). 2000;66:1-56. https://
doi.org/10.1007/BF02857781

Fallen ME. A systematic revision of Anechites (Apocynaceae).
Brittonia. 1983a;25:222-31. https://doi.org/10.2307/2806018

42.

43.

44,

45.

46.

a7.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

18

Fallen ME. A taxonomic revision of Condylocarpon (Apocynaceae).
Ann  Missouri  Bot  Gard.  1983b;70:149-69.  https://
doi.org/10.2307/2399013

Pichon M. Classification des Apocynacées. |. Carissées et
Ambelaniées. Mém Mus Natl Hist Nat Sér B Bot. 1948a;24:111-81.

Pichon M. Classification des Apocynacées. IX. Rauvolfiées,
Alstoniées, Allamandées et Tabernaémontanoidées. Mém Mus
Natl Hist Nat. 1949;27:153-251.

Pichon M. Classification des Apocynacées. XXV. Echitoidées. Mém
Mus Natl Hist Nat Sér B Bot. 1950a;1:1-143.

Middleton H, Middleton DJ. Revision of Rauvolfia (Apocynaceae)
in Malesia. Blumea. 1999;44(2):449-70.

Pooma R. A preliminary check-list of threatened plants in
Thailand: 1-193. National Park, Wildlife and Plant Conservation
Department, Bangkok. 2005.

Govaerts R, Leeuwenberg A. World checklist of Apocynaceae.
Facilitated by the Royal Botanic Gardens, Kew. 2011. Published on
theinternet; http://apps.kew.org/wcsp/Retrieved 2014-10-10

The Plant List. Version 1.1. 2013. Published on the internet: http://
www.theplantlist.org

Kumar S, Singh A, Bajpai V, Srivastava M, Singh BP, Ojha S, Kumar
B. Simultaneous determination of bioactive monoterpene indole
alkaloids in ethanolic extract of seven Rauvolfia species using
UHPLC with hybrid triple quadrupole linear ion trap mass
spectrometry. Phytochem Anal. 2016;27(5):296-303.  https://
doi.org/10.1002/pca.2631

Potgieter K, Albert VA. Preliminary phylogenetic study of the
genus Aspidosperma (Apocynaceae) and closely related genera
using ITS and trn LF sequence data. Am J Bot. 1997;84:223.

Sennblad B, Bremer B. Classification of Apocynaceae s. L
according to a new approach combining Linnaean and
phylogenetic taxonomy. Syst Biol. 2002;51(3):389-409. https://
doi.org/10.1080/10635150290069869

Endress ME, Sigrid LS, Ulrich M. Advances in Apocynaceae. The
enlightenment, an introduction. Ann Missouri Bot Gard.
2007;94:259-67. https://doi.org/10.3417/0026-6493(2007)94
[259:AIATEA]2.0.CO;2

Sennblad B, Bremer B. Is there a justification for differential a
priori weighting in coding sequences? A case study from rbcL and
Apocynaceae s.l. Syst Biol. 2000;49:101-13.  https://
doi.org/10.1080/10635150050207410

Chen W, Liang W, Li A, Ma J. Characterization of the complete
plastid genome of Rauvolfia verticillata (Apocynaceae), with its
phylogenetic analysis. Mitochondrial DNA B. 2019;4(2):4190-91.
https://doi.org/10.1080/23802359.2019.1693287

Simdes AO, Livshultz T, Conti E, Endress ME. Phylogeny and
systematics of the Rauvolfioideae (Apocynaceae) based on
molecular and morphological evidence. Ann Missouri Bot Gard.
2007;94(2):268-97. https://doi.org/10.3417/0026-6493(2007)94
[268:PASOTR]2.0.CO;2

Mittal B, Meenakshi Sharma A, Gothecha VK. Phytochemical and
pharmacological activity of Rauvolfia serpentina - A review. Int J
Ayurvedic Herb Med. 2012;2(3):427-34.

Kaur A. Pharmacobotanical and pharmacological evaluation of
ayurvedic crude drug: Rauwolfia serpentina (Apocynaceae). Int J
Green Pharm. 2017;11(04):1344. https://doi.org/10.22377/
ijgp.v11i04.1344

Singh M. Evaluating the therapeutic efficiency and drug targeting
ability of alkaloids present in Rauwolfia serpentina. Int J Green
Pharm. 2017;11(03):1116. https://doi.org/10.22377/
ijgp.v11i03.1116

Nair VD, Raj RPD, Panneerselvam, Rashid MH, Dash CK, Alam SS,
et al. Differential chromosome banding of three Rauvolfia species.

https://plantsciencetoday.online


https://plantsciencetoday.online
https://doi.org/10.1016/j.jep.2022.115327
https://doi.org/10.1016/j.jep.2022.115327
http://peninsula.ces.iisc.ac.in/plants.php?name=Enicostemaaxillare
http://peninsula.ces.iisc.ac.in/plants.php?name=Enicostemaaxillare
https://doi.org/10.1007/s11094-012-0730-3
https://dx.doi.org/10.22244/rheedea.2011.21.02.08
https://dx.doi.org/10.22244/rheedea.2011.21.02.08
https://edepot.wur.nl/471461
https://doi.org/10.1007/BF02857781
https://doi.org/10.1007/BF02857781
https://doi.org/10.2307/2806018
https://doi.org/10.2307/2399013
https://doi.org/10.2307/2399013
http://apps.kew.org/wcsp/Retrieved%202014-10-10
http://www.theplantlist.org/
http://www.theplantlist.org/
https://doi.org/10.1002/pca.2631
https://doi.org/10.1002/pca.2631
https://doi.org/10.1080/10635150290069869
https://doi.org/10.1080/10635150290069869
https://doi.org/10.3417/0026-6493(2007)94%5B259:AIATEA%5D2.0.CO;2
https://doi.org/10.3417/0026-6493(2007)94%5B259:AIATEA%5D2.0.CO;2
https://doi.org/10.1080/10635150050207410
https://doi.org/10.1080/10635150050207410
https://doi.org/10.1080/23802359.2019.1693287
https://doi.org/10.3417/0026-6493(2007)94%5B268:PASOTR%5D2.0.CO;2
https://doi.org/10.3417/0026-6493(2007)94%5B268:PASOTR%5D2.0.CO;2
https://doi.org/10.22377/ijgp.v11i04.1344
https://doi.org/10.22377/ijgp.v11i04.1344
https://doi.org/10.22377/ijgp.v11i03.1116
https://doi.org/10.22377/ijgp.v11i03.1116

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

T1.

T2.

73.

4.

75.

76.

Cytologia. 2019;84(2):143-46.

cytologia.84.143

https://doi.org/10.1508/

Raghavan RS. Chromosome numbers in Indian medicinal plants.
Proc Indian Acad Sci. 1957;45(6):294-98. https://doi.org/10.1007/
BF03051030

Paul S, Thilagar S, Nambirajan G, Elangovan A, Lakshmanan DK,
Ravichandran G, et al. Rauwolfia serpentina: A potential plant to
treat insomnia disorder. Sleep Vigil. 2022;6(1):31-40. https://
doi.org/10.1007/s41782-021-00192-y

Dey A, De JN. Ethnobotanical aspects of Rauvolfia serpentina (L).
Benth. ex Kurz. in India, Nepal and Bangladesh. J Med Plant Res.
2011;5:144-50. https://doi.org/10.5897/JMPR.9000585

Divya VN, Dinesh Raj R, Panneerselvam R, Gopi R. Assessment of
diversity among populations of Rauvolfia serpentina Benth. Ex.
Kurtz. from Southern Western Ghats of India, based on chemical
profiling, horticultural traits and RAPD analysis. Fitoterapia.
2014;92:46-60. https://doi.org/10.1016/j.fitote.2013.09.017

Sen S, Chakraborty R, De B, Devanna N. An ethnobotanical survey
of medicinal plants used by ethnic people in West and South
district of Tripura, India. J For Res. 2011;22:417-26. https://
doi.org/10.1007/s11676-011-0184-6

Klohs MW, Draper MD, Keller F. Alkaloids of Rauwolfia serpentina
Benth. iii. 1 Rescinnamine, a new hypotensive and sedative
principle. J Am Chem Soc. 1954;76(10):2843. https://
doi.org/10.1021/ja01639a079.

Kumari I, Madhusudan S, Walia B, Chaudhary G. Rauwolfia
serpentina (Sarpgandha): A review based upon its phytochemistry
and ayurvedic uses. Int J Curr Res. 2021;13:16727-34. https://
doi.org/10.24941/ijcr.41003.03.2021

Sethi K, Kazim M, Kiowai M, Mital S. Variation of chemo-botanical
characters in the indigenous collections of Rauvolfia serpentina.
Ind J Genet Plant Breed. 1991;51(01):134-38.

Chaudhary R, Singh B, Chhillar A. Ethnomedicinal importance of
Rauvolfia serpentina L. Benth. Ex Kurz in the prevention and
treatment of diseases. Nat Prod Res. 2016;305-26.

Jannath S, Jannat B, Ishraat ST, Sadat M, Nirzana SA, Tahsin MR,
et al. An assessment of antihypertensive & anti-hyperlipidemic
activity of Allium sativum and Rauwolfia serpentina in
hypertension and high fat induced rat. Asian J Adv Res Rep.
2023;17(11):185-92.

Varghese R, Gothandam KM, Buot IE, Chandrasekaran R,
Ramamoorthy S. Extinction of medicinal plants in anthropocene
epoch: Special reference to Rauwolfia serpentina. In:
Ramamoorthy S, Buot Jr IE, Rajasekaran C, editors. Plant diversity
in biocultural landscapes. Springer; Singapore. 2023. p. 59-94.
https://doi.org/10.1007/978-981-19-8649-9_4

Jakaria Md, Tareq SM, lbrahim M, Bokhtear US. Rauvolfia
tetraphylla L. (Apocynaceae): A pharmacognostical, phytochemical
and pharmacological review. J Chem Pharm Res. 2016;8:114-20.

Itoh A, Kumashiro T, Yamaguchi M, Nagakura N, Mizushina Y, Nishi
T, et al. Indole alkaloids and other constituents of Rauwolfia
serpentina. J  Nat  Prod. 2005;68(6):848-52.  https://
doi.org/10.1021/np058007n

Deshmukh SR, Ashrit DS, Patil BA. Extraction and evaluation of
indole alkaloids from Rauwolfia serpentina for their antimicrobial
and antiproliferative activities. Int J Pharm Pharm Sci. 2012;4
(5):329-34.

Rai SK. Medicinal plants used by Meche people of Jhapa district,
eastern Nepal. Our Nat. 2004;2(1):27-32. https://doi.org/10.3126/
on.v2il1.321

Shamsi Y, Kumar H, Tamanna SA, Khan EA. Effect of a polyherbal
Unani formulation on chronic urticaria. Ind J Trad Knowl.
2006;5:279-83. http://nopr.niscpr.res.in/handle/123456789/6853

Ti.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

19

Bhatt VP, GCS Negi. Ethnomedicinal plant resources of Jaunsari
tribe of Garhwal Himalaya, Uttaranchal. Ind J Trad Knowl.
2006;5:331-35.

Anisuzzaman M, Rahaman AHMM, Harun-or-Rashid M,
Naderuzzaman ATM, Islam AKMR. An Ethnobotanical study of
Madhupur, Tangail. J Appl Sci Res. 2007;3:519-30.

Vanjari K, Bangar S, Ashish T, Wagh S. Medicinal plant Rauvolfia
tetraphylla L. its medicinal uses and pharmacological activities. J
Med Plants Stud. 2022;10:119-21.

Tripathi S, Garg A, Shukla AN, Farooqui A, Pandey A, Tripathi T, et
al. Pollen micro-morphometry of two endangered species of
Rauvolfia L. (Apocynaceae) from the Indo-Gangetic plains of
central India using LM, CLSM and FESEM. Palynology. 2022;46(4):1
-5. https://doi.org/10.1080/01916122.2022.2072966

Jyothi T, Brijesh K, Hari Venkatesh KR. Pharmacognostic evaluation
of Rauwolfia tetraphylla L. J Pharm Sci Innov. 2012;1:57-60. http://
jpsionline.com/admin/php/uploads/157_pdf.pdf

Stoll A, Hofmann A, Brunner R. Alkaloide aus den Blattern von
Rauwolfia canescens L. 4. Mitteilung Uber Rauwolfia-Alkaloide.
Helv Chim Acta. 1955;38(1):270-83. https://doi.org/10.1002/
hlca.19550380133

Pulliah T. Medicinal plants in Andhra Pradesh. Regency
Publication, New Delhi. 2002.

Igbal AA, Khan FA, Khan M. Ethno-phyto-pharmacological
overview on Rauwolfia tetraphylla L. Int J Pharm Phytopharmacol
Res. 2013;2(4):247-51. https://eijppr.com/JNRzIsb

Beljanski M, Beljanski MS. Three alkaloids as selective destroyers
of cancer cells in mice: Synergy with classic anticancer drugs.
Oncology. 1986;43(3):198-203. https://doi.org/10.1159/000226363

Bemis DL, Capodice JL, Gorroochurn P, Katz AE, Buttyan R. Anti-
prostate cancer activity of a B-carboline alkaloid enriched extract
from Rauwolfia vomitoria. Int J Onco. 2006;29(5):1065-73. https://
doi.org/10.3892/ij0.29.5.1065

Gupta R. Genetic resources of medicinal plants. Ind J Plant Genet
Resou.  1988;1(1&2):98-102.  https://ispgr.in/index.php/ijpgr/
article/view/588

Rohela GK, Bylla P, Kota S, Abbagani S, Chithakari R, Reuben TC.
In vitro plantlet regeneration from leaf and stem calluses of
Rauwolfia tetraphylla (R. canescens) and confirmation of genetic
fidelity of plantlets using the ISSR-PCR method. J Herbs Spices
Med Plants. 2013;19(1):66-75. https://
doi.org/10.1080/10496475.2012.741056

Gupta S, Khanna VK, Maurya A, Bawankule DU, Shukla RK, Pal A,
et al. Bioactivity guided isolation of antipsychotic constituents
from the leaves of Rauwolfia tetraphylla L. Fitoterapia. 2012;83
(6):1092-99. https://doi.org/10.1016/j.fitote.2012.04.029

Tona L, Kambu K, Mesia K, Cimanga K, Apers S, Bruyne T De, et al.
Biological screening of traditional preparations from some
medicinal plants used as antidiarrhoeal in Kinshasa, Congo.
Phytomedicine. 1999;6(1):59-66. https://doi.org/10.1016/S0944-
7113(99)80036-1

Anitha S, Kumari BR. Reserpine accumulation in NaCl treated calli
of Rauvolfia tetraphylla L. Sci Asia. 2006;32:417-19.

Faisal M, Ahmad N, Anis M. Shoot multiplication in Rauvolfia
tetraphylla L. using thidiazuron. Plant Cell Tissue Organ Cult.
2005;80:187-90. https://doi.org/10.1007/511240-004-0567-X

Hai-Bo L, Yong P, Lu-qi H, Jun X, Pei-Gen X. Mechanism of selective
inhibition of yohimbine and its derivatives in adrenoceptor 02
subtypes. J Chem. 2013. https://doi.org/10.1155/2013/783058

Panda SK, Nayak L. Phyto-pharmacognostical studies and
quantitative determination of reserpine in different parts of
Rauwolfia (spp.) of eastern Odisha by UV Spectroscopy Method.
Asian J Plant Sci Res. 2011;2(2):151-62. https://hal.science/hal-
03698479

Plant Science Today, ISSN 2348-1900 (online)


https://doi.org/10.1508/cytologia.84.143
https://doi.org/10.1508/cytologia.84.143
https://doi.org/10.1007/BF03051030
https://doi.org/10.1007/BF03051030
https://doi.org/10.1007/s41782-021-00192-y
https://doi.org/10.1007/s41782-021-00192-y
https://doi.org/10.5897/JMPR.9000585
https://doi.org/10.1016/j.fitote.2013.09.017
https://doi.org/10.1007/s11676-011-0184-6
https://doi.org/10.1007/s11676-011-0184-6
https://doi.org/10.1021/ja01639a079
https://doi.org/10.1021/ja01639a079
https://doi.org/10.24941/ijcr.41003.03.2021
https://doi.org/10.24941/ijcr.41003.03.2021
https://doi.org/10.1007/978-981-19-8649-9_4
https://doi.org/10.1021/np058007n
https://doi.org/10.1021/np058007n
https://doi.org/10.3126/on.v2i1.321
https://doi.org/10.3126/on.v2i1.321
http://nopr.niscpr.res.in/handle/123456789/6853
https://doi.org/10.1080/01916122.2022.2072966
http://jpsionline.com/admin/php/uploads/157_pdf.pdf
http://jpsionline.com/admin/php/uploads/157_pdf.pdf
https://doi.org/10.1002/hlca.19550380133
https://doi.org/10.1002/hlca.19550380133
https://eijppr.com/JNRzIsb
https://doi.org/10.1159/000226363
https://doi.org/10.3892/ijo.29.5.1065
https://doi.org/10.3892/ijo.29.5.1065
https://ispgr.in/index.php/ijpgr/article/view/588
https://ispgr.in/index.php/ijpgr/article/view/588
https://doi.org/10.1080/10496475.2012.741056
https://doi.org/10.1080/10496475.2012.741056
https://doi.org/10.1016/j.fitote.2012.04.029
https://doi.org/10.1016/S0944-7113(99)80036-1
https://doi.org/10.1016/S0944-7113(99)80036-1
https://doi.org/10.1007/s11240-004-0567-x
https://doi.org/10.1155/2013/783058
https://hal.science/hal-03698479
https://hal.science/hal-03698479

VADAKEMURIYIL ET AL

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

Brahmachari G, Mandal LC, Gorai D, Mondal A, Sarkar S, Majhi S. A
new labdane diterpene from Rauvolfia tetraphylla Linn.
(Apocynaceae). J Chem Res. 2011;35(12):678-80. https://
doi.org/10.3184/174751911X13220462651507

Kumar S, Singh B. Phytochemical and pharmacological profile of
Rauvolfia verticillata (Lour.) Baill. In: Pullaiah T, editor. Bioactives
and pharmacology of medicinal plants. Apple Academic Press.
2022. p. 293-301. https://doi.org/10.1201/9781003281702-23

Nair VD, Panneerselvam R, Gopi R, Hong-Bo S. Elicitation of
pharmacologically active phenolic compounds from Rauvolfia
serpentina Benth. Ex. Kurtz. Ind Crops Prod. 2013;45:406-15.
https://doi.org/10.1016/j.indcrop.2013.01.008

Imran M, Gondal TA, Atif M, Shahbaz M, Oaisarani TB, Mughal MH,
et al. Apigenin as an anticancer agent. Phytother Res. 34:8:1812-
28. https://doi.org/10.1002/ptr.6647

Kurian A, Arjunan MK, Thomas B, Sebastian DP, George S. Effect of
extraction solvents on phytochemicals of various parts of
Rauvolfia hookeri SR Sriniv. and Chithra-An endemic medicinal
plant of Western Ghats. European J Biomed Pharmaceut Sci.
2017;4(9):517-23.

Rajasekharan PE, Wani SH. Conservation and utilization of
threatened medicinal plants. Springer. 2020. https://
doi.org/10.1007/978-3-030-39793-7

Chatterjee ML, De MS. Pharmacological action of ajmaline, the
possible mechanism of its antiarrhythmic action and its
therapeutic possibilities. Nature. 1963;200(4911):1067-68. https://
doi.org/10.1038/2001067a0

Dutta S, Chowdhury AR, Srivastava SK, Ghosh I, Datta K. Evidence
for serpentine as a novel antioxidant by a redox sensitive HABPI
overexpressing cell line by inhibiting its nuclear translocation of NF-

KB. Free Radic Res. 2011;45(11-12):1279-88.  https://
doi.org/10.3109/10715762.2011.610794
Rosen WE, Shoolery JN. Rauwolfia alkaloids. XLI. Methyl

neoreserpate, an isomer of methyl reserpate. Part 3. Conformations
and NMR spectra. J Am Chem Soc. 1961;83(23):4816-19. https://
doi.org/10.1021/ja01484a029

Boga M, Bingiil M, Ozkan EE, Hasan S. Chemical and biological
perspectives of monoterpene indole alkaloids from Rauwolfia
species.In: Atta-ur-Rahman, editor. Studies in natural products
chemistry, Elsevier, 61.2019.251-99. https://doi.org/10.1016/B978-
0-444-64183-0.00007-5

Ganapaty S, Steve TP, Venkata RK, Neeharika V. A review of
phytochemical studies of Rauwolfia species. Indian Drugs.
2001;38(12):601-12.

Uesato S, Kanomi S, lida A, Inouye H, Zenk MH. Mechanism for
iridane skeleton formation in the biosynthesis of secologanin and
indole alkaloids in Lonicera tatarica, Catharanthus roseus and
suspension cultures of Rauwolfia serpentina. Phytochemistry.
1986;25(4):839-42. https://doi.org/10.1016/0031-9422(86)80012-7

Muritala HF, Abdulrahman RA, Oyewusi HA, Muhammad
HN. Ameliorative effect of Rauwolfia vomitoria ethanol extract on
the erectile dysfunction complicated with coronary artery
disease: An in-vivo and molecular docking approach. Cell Biochem
Biophys. 2025. https://doi.org/10.1007/s12013-025-01713-6

ZhangY, Rehman H, Khattak F, Tarig M, Khan BN, Chaman S, et al.
Immunomodulatory and growth-promoting effects of Rauwolfia
serpentine root powder in broiler chicks challenged with
Salmonella gallinarum. Front Vet Sci. 2025;12:1-12. https://
doi.org/10.3389/fvets.2025.1534347

George AA, Perpetua D, Adjei S, Asiedu B, Takaidza S, Naidoo V, et al.
Rauwolfia vomitoria- A promising medical plant for benign prostatic
hyperplasia management; yet with challenges. Phytomedicine Plus.
2025;5:100739. https://doi.org/10.1016/j.phyplu.2025.100739

Pathania S, Ramakrishnan SM, Randhawa V, Bagler G. Serpentina
DB: A database of plant-derived molecules of Rauvolfia

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

20

serpentina. BMC Complement Altern Med. 2015;15:1-8. https://
doi.org/10.1186/512906-015-0683-7

Gupta J, Gupta A. Isolation and extraction of flavonoid from the
leaves of Rauwolfia serpentina and evaluation of DPPH-
scavenging antioxidant potential. Orient J Chem. 2015;31:231-35.

Gupta J, Gupta A, Gupta AK. Extraction and identification of
flavonoid natural antioxidant in the leaves of Rauwolfia
serpentina. Int J Chem Stud. 2015;3:35-37.

Gupta J, Gupta A. Isolation and identification of flavonoid rutin
from Rauwolfia serpentina. Int J Chem Stud. 2015;3:113.

Rukachaisirikul T, Chokchaisiri S, Suebsakwong P, Suksamrarn A,
Tocharus C. A new ajmaline-type alkaloid from the roots of
Rauvolfia serpentina. Nat Prod Commun. 2017;12(4):495-98.
https://doi.org/10.1177/1934578X1701200408

Pathak DK, Pandita P, Bisht M, Choudhary HS, Yadav R. Structure
determination of Rauwolfia serpentina Benth. water soluble seed
polysaccharide by methylation studies. Int J Chem Eng Appl.
2012;4:63-70.

Siddiqui S, Haider SI, Ahmad SS. Indobine-A new alkaloid from
Rauwolfia serpentina Benth. Z Naturforsch B. 1987;42(6):783-84.
https://doi.org/10.1515/znb-1987-0625

Nandhini VS, Bai VG. Secondary metabolites screening from in-
vitro cultured Rauvolfia tetraphylla by HPTLC-MS: A special
emphasises on their antimicrobial applications. Int J Adv Pharm
Anal. 2014;4(2):81-87.

Ayyappan N, Raju R, Devairakkam EGWJ. Ethnobotany, bioactive
compounds and therapeutical values of Rauvolfia tetraphylla L.-
A review. Curr Pharmacol Rep. 2025;11:21. https://
doi.org/10.1007/s40495-025-00400-7

Gao Y, Zhou DS, Kong LM, Hai P, Li Y, Wang F, et al
Rauvotetraphyllines A-E, new indole alkaloids from Rauvolfia
tetraphylla. Nat Prod Bioprospect. 2012;2:65-69. https://
doi.org/10.1007/s13659-012-0012-5

Arambewela LS, Madawela G. Alkaloids from Rauvolfia canescens.
Pharm Biol.  2001;39(3):239-40. https://doi.org/10.1076/
phbi.39.3.239.5923

Gao Y, Zhou DS, Hai P, Li Y, Wang F. Hybrid monoterpenoid indole
alkaloids obtained as artifacts from Rauvolfia tetraphylla. Nat
Prod Bioprospect. 2015;5:247-53. https://doi.org/10.1007/s13659-
015-0074-2

Lin M, Yu DQ, Liu X, Fu FY, Zheng QT, He CH, et al. Chemical
studies on the quaternary alkaloids of Rauvolfia verticillata (Lour.)
Baill. F. ruberocarpa H. T. Chang. mss. Yao Xue Xue Bao. 1985;20
(3):198-202.

Gao Y, Yu AL, Li GT, Hai P, Li VY, Liu JK, et al. Hexacyclic
monoterpenoid indole alkaloids from Rauvolfia verticillata.
Fitoterapia. 2015;107:44-48. https://doi.org/10.1016/
jfitote.2015.10.004

Anitha S, Kumari BR. In vitro callus culture in Rauvolfia tetraphylla
L.: Indole alkaloid production. Asian J Plant Sci. 2013;12:28-33.
https://doi.org/10.3923/ajps.2013.28.33

Onobrudu DA, Nzebude CP, Orororo OC. Comparative analysis of
the phytochemicals, minerals, antioxidant and antimicrobial
activities of ageous and ethanolic extracts of Rauvolfia vomtoria
leaves. Asian Plant Res J. 2024.12(5):67-81. https://doi.org/10.9734/
aprj/2024/v12i5271

Guillon S, Trémouillaux-Guiller J, Pati PK, Rideau M, Gantet P.
Hairy root research: Recent scenario and exciting prospects. Curr
Opin Plant Biol. 2006;9(3):341-46. https://doi.org/10.1016/
j-pbi.2006.03.008

Wink M. Modes of action of herbal medicines and plant secondary
metabolites. Medicines. 2015;2(3):251-86. https://doi.org/10.3390/
medicines2030251

https://plantsciencetoday.online


https://plantsciencetoday.online
https://doi.org/10.3184/174751911X13220462651507
https://doi.org/10.3184/174751911X13220462651507
https://doi.org/10.1201/9781003281702-23
https://doi.org/10.1016/j.indcrop.2013.01.008
https://doi.org/10.1002/ptr.6647
https://doi.org/10.1007/978-3-030-39793-7
https://doi.org/10.1007/978-3-030-39793-7
https://doi.org/10.1038/2001067a0
https://doi.org/10.1038/2001067a0
https://doi.org/10.3109/10715762.2011.610794
https://doi.org/10.3109/10715762.2011.610794
https://doi.org/10.1021/ja01484a029
https://doi.org/10.1021/ja01484a029
https://doi.org/10.1016/B978-0-444-64183-0.00007-5
https://doi.org/10.1016/B978-0-444-64183-0.00007-5
https://doi.org/10.1016/0031-9422(86)80012-7
https://doi.org/10.1007/s12013-025-01713-6
https://doi.org/10.3389/fvets.2025.1534347
https://doi.org/10.3389/fvets.2025.1534347
https://doi.org/10.1016/j.phyplu.2025.100739
https://doi.org/10.1186/s12906-015-0683-7
https://doi.org/10.1186/s12906-015-0683-7
https://doi.org/10.1177/1934578X1701200408
https://doi.org/10.1515/znb-1987-0625
https://doi.org/10.1007/s40495-025-00400-7
https://doi.org/10.1007/s40495-025-00400-7
https://doi.org/10.1007/s13659-012-0012-5
https://doi.org/10.1007/s13659-012-0012-5
https://doi.org/10.1076/phbi.39.3.239.5923
https://doi.org/10.1076/phbi.39.3.239.5923
https://doi.org/10.1007/s13659-015-0074-2
https://doi.org/10.1007/s13659-015-0074-2
https://doi.org/10.1016/j.fitote.2015.10.004
https://doi.org/10.1016/j.fitote.2015.10.004
https://doi.org/10.3923/ajps.2013.28.33
https://doi.org/10.9734/aprj/2024/v12i5271
https://doi.org/10.9734/aprj/2024/v12i5271
https://doi.org/10.1016/j.pbi.2006.03.008
https://doi.org/10.1016/j.pbi.2006.03.008
https://doi.org/10.3390/medicines2030251
https://doi.org/10.3390/medicines2030251

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

Mahata M, Mahata SK, Parmer RJ, O'Connor DT. Vesicular
monoamine transport inhibitors: Novel action at calcium
channels to prevent catecholamine secretion. Hypertension.
1996;28(3):414-20. https://doi.org/10.1161/01.HYP.28.3.414

Rohela GK, Bylla P, Korra R, Reuben C. Phytochemical screening
and antimicrobial activity of leaf, stem, root and their callus
extracts in Rauwolfia tetraphylla. Int J Agric Biol. 2016;18(3):521-
28. https://doi.org/10.17957/1JAB/15.0120

Linck VM, Herrmann AP, Piato AL, Detanico BC, Figueir6 M, Flério
J, et al. Alstonine as an antipsychotic: Effects on brain amines and
metabolic changes. Evid Based Complement Alternat Med.
2011;2011(1):418597. https://doi.org/10.1093/ecam/nep002

Dassonneville L, Bonjean K, De Pauw-Gillet M, Colson P, Houssier
C, Quetin-Leclercq J, et al. Stimulation of topoisomerase II-
mediated DNA cleavage by three DNA-intercalating plant
alkaloids: Cryptolepine, matadine and serpentine. Biochemistry.
1999;38(24):7719-26. https://doi.org/10.1021/bi990094t

Dransfield GA, Browne MW. A clinical trial of deserpidine and
reserpine in the treatment of the chronic schizophrenic. J Mental
Sci. 1959;105(441):1112-18. https://doi.org/10.1192/
bjp.105.441.1112

Nallasamy L, Amutha S, Deepika K, Sangari MG, Lakshmi SS.
Insights of micropropagation, somatic embryogenesis and
regeneration from an endangered medicinal plant Rauvolfia
tetraphylla L. J Plant Sci Res. 2024:40(1):163-89.

Farooqi AA, Sreeramu BS. Cultivation of medicinal and aromatic
crops. Universities Press. 2004.

Phatak RS, Hegde NK, Gangadharappa PM, Hegde L. Seed
germination and seedling growth as influenced by seed treatment
in sarpagandha (Rauvolfia serpentina Benth.). J Pharmacogn
Phytochem. 2018:14-17.

Paul D, Paul NK, Basu PK. Seed germination response of Rauvolfia
serpentina Benth. to certain physical and chemical treatments. J
Biosci. 2008;16:129-31.

Hussain A, Jha DK. Seed germination improvement in two
threatened medicinal plants. Curr Agric Res J. 2014;2(2):131-36.

Ray A, Bhattacharya S. Storage and plant regeneration from
encapsulated shoot tips of Rauvolfia serpentina-An effective way
of conservation and mass propagation. S Afr J Bot. 2008;74(4):776
-79. https://doi.org/10.1016/j.sajb.2008.06.002

Gantait S, Mukherjee E, Bandyopadhyay P, Bhattacharyya S. M-
brigde-and elicitor-assisted enhanced post-storage germination
of Rauvolfia serpentina synthetic seeds, their genetic fidelity
assessment and reserpine estimation. Ind Crop Prod.
2022;180:114732. https://doi.org/10.1016/j.indcrop.2022.114732

Poonam AS, Mishra S. Physiological, biochemical and modern
biotechnological approach to improvement of Rauwolfia
serpentina. J Pharm Biol Sci. 2013;6(2):73-78.

Gantait S, Kundu S. Does synthetic seed storage at higher
temperature reduce reserpine content of Rauvolfia serpentina (L.)
Benth. Ex Kurz.? Rendiconti Lincei. 2017;28(4):679-86. https://
doi.org/10.1007/s12210-017-0637-8

Lan X. Molecular cloning and characterization of the gene
encoding 2-C-methyl-D-erythritol 4-phosphate cytidyltransferase
from hairy roots of Rauvolfia verticillata. Biologia. 2013;68(1):91-
98. https://doi.org/10.2478/511756-012-0140-8

Baksha R, Jahan MA, Khatun R, Munshi JL. In vitro rapid clonal
propagation of Rauvolfia serpentina (Linn.) Benth. Bangladesh J Sci
Ind Res. 2007;42(1):37-44. https://doi.org/10.3329/bjsir.v42i1.353

Alamgir AN, Ahamed MO. Growth and phytochemical
investigation of Rauvolfia serpentina Benth. propagule.
Bangladesh J Bot. 2005;34(1):7-10.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

21

Kataria V, Shekhawat NS. Cloning of Rauvolfia serpentina-An
endangered medicinal plant. J Sustain Forestry. 2005;20(1):53-65.
https://doi.org/10.1300/J091v20n01_04

Patil VM, Jayanthi M. Micropropagation of two species of
Rauvolfia  (Apocynaceae). Curr Sci. 1997:961-65. https://
www.jstor.org/stable/24100000

Hoque R, Borna RS, Hoque MI, Sarker RH. In vitro plant
regeneration of Rauvolfia tetraphylla L.: A threatened medicinal
plant. Plant Tissue Cult Biotechnol. 2020;30(1):33-45. https://
doi.org/10.3329/ptcb.v30i1.47789

Sudha CG, Seeni S. Spontaneous somatic embryogenesis on in
vitro root segment cultures of Rauvolfia micrantha Hook. F.-A rare
medicinal plant. In Vitro Cell Dev Biol Plant. 2006;42:119-23.
https://doi.org/10.1079/IVP2005738

Sudha CG, Reddy BO, Ravishankar GA, Seeni S. Production of
ajmalicine and ajmaline in hairy root cultures of Rauvolfia
micrantha Hook F., a rare and endemic medicinal plant. Biotechnol
Lett. 2003;25:631-36. https://doi.org/10.1023/A:1023012114628

Pandith AH, Elanchezhiyan C, Devi NR. Mir RA. In vitro anticancer
potential of Rauvolfia tetraphylla L. on hepatocellular
carcinoma. Proc Natl Acad Sci India Sect B Biol. Sci. 2025;95:411-
19. https://doi.org/10.1007/s40011-025-01677-w

Ranjusha AP, Gangaprasad A. An efficient micropropagation
protocol for Rauvolfia hookeri Srinivas and Chithra and
assessment of clonal fidelity by RAPD analysis. Int J Agric Environ
Biotechnol. 2014;7(2):205-12.

Mukherjee E, Gantait S, Kundu S, Sarkar S, Bhattacharyya S.
Biotechnological interventions on the genus Rauvolfia: Recent
trends and imminent prospects. Appl Microbiol Biotechnol.
2019;103:7325-54. https://doi.org/10.1007/s00253-019-10035-6

Ved DK, Goraya GS. Demand and supply of medicinal plants in
India. NMPB, New Delhi & FRLHT, Bangalore, India. 2007;18
(85):210-52.

Mishra SP, Padhiary AK, Nandi A. Production technology, post-
harvest management and value addition of Sarpagandha. Adv
Hortic Sci. 2019;4:39-53.

Mitra SK, Kannan R. A note on unintentional adulterations in
Ayurvedic  herbs. Ethnobot Leaflets. 2007;1:3. https://
api.semanticscholar.org/Corpus|D:59443649

Kunakh VA. Somaclonal variation in Rauwolfia. In: Bajaj YPS,
editor. Somaclonal variation in crop improvement Il. Biotech
Agric Forestry. Springer, Berlin, Heidelberg. 1996;36:315-32.
https://doi.org/10.1007/978-3-642-61081-3_22

Verma KC, Verma SK. Alkaloids analysis in root and leaf fractions
of sarpagandha (Rauwolfia Serpentina). Agric Sci Dig. 2010;30
(2):133-35.

Ruyter CM, Akram M, Illahi I, Stockigt J. Investigation of the
alkaloid content of Rauwolfia serpentina roots from regenerated
plants. Planta Med. 1991;57(04):328-30.

Sharma P, Roy M, Roy B. A review on influence of floral biology,
pollination efficiency and conservation strategies of endangered
medicinal plant, Rauvolfia serpentina (L.) Benth. Ex Kurz. Ann
Phytomed. 2022;11(1):86-98.

Molur S, Walker S. Conservation assessment and management plan
(CAMP) workshop report on freshwater fishes of India. Coimbatore,
India: Zoo Outreach Organisation, CBSG. 1998. p.1-56.

Arora RK. Threatened plants of India-Some considerations on
native genetic resources. An assessment of the threatened plants
of India. BSI. 1983;296-302.

Ansari AA. Threatened medicinal plants from Madhauli forest of
Garakhpur. J Econ Taxon Bot. 1993;17(10):241.

Shenya S, Sendanayake D, Medis S, Dirukshi N. Phytochemical
composition, medicinal applications and pharmacological

Plant Science Today, ISSN 2348-1900 (online)


https://doi.org/10.1161/01.HYP.28.3.414
https://doi.org/10.17957/IJAB/15.0120
https://doi.org/10.1093/ecam/nep002
https://doi.org/10.1093/ecam/nep002
tps://doi.org/10.1021/bi990094t
https://doi.org/10.1192/bjp.105.441.1112
https://doi.org/10.1192/bjp.105.441.1112
https://doi.org/10.1016/j.sajb.2008.06.002
https://doi.org/10.1016/j.indcrop.2022.114732
https://doi.org/10.1007/s12210-017-0637-8
https://doi.org/10.1007/s12210-017-0637-8
https://doi.org/10.2478/s11756-012-0140-8
https://doi.org/10.3329/bjsir.v42i1.353
https://doi.org/10.1300/J091v20n01_04
https://www.jstor.org/stable/24100000
https://www.jstor.org/stable/24100000
https://doi.org/10.3329/ptcb.v30i1.47789
https://doi.org/10.3329/ptcb.v30i1.47789
https://doi.org/10.1079/IVP2005738
https://doi.org/10.1023/A:1023012114628
https://doi.org/10.1007/s40011-025-01677-w
https://doi.org/10.1007/s00253-019-10035-6
https://api.semanticscholar.org/CorpusID:59443649
https://api.semanticscholar.org/CorpusID:59443649
https://doi.org/10.1007/978-3-642-61081-3_22

VADAKEMURIYIL ET AL

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

insights: A comparative review of Rauvolfia serpentine and
Rauvolfia tetraphylla. Asian Plant Res J. 2025;13(1):46-55.

Ved DK, Kinhal GA, Ravikumar K, Karnat M, Vijaysankar R, Indresha
JH. Report of the threat assessment and management
prioritisation (TAMP) for the medicinal plants of Chhattisgarh and
Madhya Pradesh. In: TAMP Workshop, Bhopal. 2003; p. 23-26.

Balakrishna P. Letter to Kerry Walter with corrections on
conservation status listings for India. [Reference cited in the UNEP
-WCMC threatened plants Database]. 1993.

Swarup R, Arora JR. Plant tissue culture from research to
commercialization: A decade of Support. DBT, Govt. of India, New
Delhi. 2000.

Anonymous. The wealth of India: A dictionary of Indian raw
materials and industrial products. Ind Med Gaz.1949;84(10):476-77.

Manoj PK. Impact of ecotourism evidence from Thenmala
ecotourism destination in Kollam district, Kerala. Asian Acad Res J
Multidisci. 2017;4:42-53.

Roy AC, Prasad A, Priya K, Das P, Singh S, Ghosh C, et al.
Anticancer effect of antioxidant-rich methanolic extract of
Rauvolfia serpentina (L.) Benth. Ex Kurz leaves in HepG2 and Hela
cells: A mechanistic insight. Biocatal Agric Biotechnol.
2023;50:102674. https://doi.org/10.1016/j.bcab.2023.102674

Mandal MS, Okuda T, Mon SM, Chew WC, Shigematsu C, Hosaka T.
Habitat suitability mapping for a high-value non-timber forest
product: A case study of Rauvolfia serpentina. Tropics. 2023;31
(4):111-33. https://doi.org/10.3759/tropics.SINT04

Gantait S, Das S, Mahanta M, Banerjee M. Influence of in vitro
culture age on morphology, antioxidant activities, reserpine
production and genetic fidelity in Indian snakeroot (Rauvolfia
serpentina (L.) Benth. Ex Kurz.). S Afr J Bot. 2023;162:864-72.
https://doi.org/10.1016/j.5ajb.2023.09.060

Tripathi MK, Tiwari G, Tiwari S, Tripathi N, Sharma M, Mishra N.
Effect of diverse plant growth regulator concentrations and
amalgamations in plantlet regeneration in Rauvolfia serpentina
(L.) Benth from cell suspension culture. Res Trends Multidiscip
Res. 2023;42:125-53.

Younas A, Riaz N, Rashid M. Multi-omics approaches for breeding
in medicinal plants. In: Prakash CS, Fiaz S, Nadeem MA, Baloch FS,
Qayyum A, editors. Sustainable agriculture in the era of the OMICs

22

revolution.  Springer;  Cham.  2023.
doi.org/10.1007/978-3-031-15568-0_8

p.165-91.  https://

174. Lakshmipriya M, Kokilambigai S, llango K. A systematic review of
analytical methods for quantification of natural indole alkaloids
from Catharanthus and Rauvolfia species. Res J Pharmacogn.

2023;10(1):57-66. https://doi.org/10.22127/rjp.2022.359342.1970

Cui WL, Guo DX, Wang N, Wang ZF, Ji JB, Wang X, et al
Identification of chemosensitizing agents of colorectal cancer in
Rauvolfia vomitoria using an NMR-based chemometric approach.
Front  Chem. 2023;10:1069591. https://doi.org/10.3389/
fchem.2022.1069591

175.

176. Ravi P, Kumaresan S, Danaraj J, Uthirakrishnan U, Pandian S,
Sivaramakrishnan R, et al. Anti-fouling potential and in-silico
analysis of carotenoid and fatty acids from Rauvolfia tetraphylla L.
Environ Res. 2023;231:116158. https://doi.org/10.1016/

j.envres.2023.116158

Lorensen MD, Bjarnholt N, St-Pierre B, Heinicke S, Courdavault V,
0'Connor S, et al. Spatial localization of monoterpenoid indole
alkaloids in Rauvolfia tetraphylla by high resolution mass
spectrometry imaging. Phytochemistry. 2023;209:113620. https://
doi.org/10.1016/j.phytochem.2023.113620

177.

Additional information

Peer review: Publisher thanks Sectional Editor and the other anonymous
reviewers for their contribution to the peer review of this work.

Reprints & permissions information is available at https://
horizonepublishing.com/journals/index.php/PST/open_access_policy

Publisher’s Note: Horizon e-Publishing Group remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Indexing: Plant Science Today, published by Horizon e-Publishing Group, is
covered by Scopus, Web of Science, BIOSIS Previews, Clarivate Analytics,
NAAS, UGC Care, etc

See https://horizonepublishing.com/journals/index.php/PST/
indexing_abstracting

Copyright: © The Author(s). This is an open-access article distributed under
the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution and reproduction in any medium, provided the
original author and source are credited (https://creativecommons.org/
licenses/by/4.0/)

Publisher information: Plant Science Today is published by HORIZON e-
Publishing Group with support from Empirion Publishers Private Limited,
Thiruvananthapuram, India.

https://plantsciencetoday.online


https://plantsciencetoday.online
https://doi.org/10.1016/j.bcab.2023.102674
https://doi.org/10.3759/tropics.SINT04
https://doi.org/10.1016/j.sajb.2023.09.060
https://doi.org/10.1007/978-3-031-15568-0_8
https://doi.org/10.1007/978-3-031-15568-0_8
https://doi.org/10.22127/rjp.2022.359342.1970
https://doi.org/10.3389/fchem.2022.1069591
https://doi.org/10.3389/fchem.2022.1069591
https://doi.org/10.1016/j.envres.2023.116158
https://doi.org/10.1016/j.envres.2023.116158
https://doi.org/10.1016/j.phytochem.2023.113620
https://doi.org/10.1016/j.phytochem.2023.113620
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

