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Abstract Catharanthus roseus (L.), also known as
Madagascar periwinkle or Sadabahar, is a significant
Apocynaceae family plant renowned for its medicinal
properties. Catharanthus is having many beneficial
alkaloids for treating diabetes, stomach issues, high blood
pressure, asthma, menstrual problems, and cancer. The
plant has two main cultivars, "Rosea" with pink flowers
and "Alba" with white flowers. Various parts of the plant
have been used traditionally in different cultures. In Brazil,
an infusion of leaves is used as a mouthwash for tooth pain,
to treat hemorrhage and scurvy, and to heal chronic
wounds. In the West Indies and the Philippines, it is used
for diabetes-related ulcers and as an oral anti-diabetic drug.
The plant is also known for its antibacterial and
hypotensive effects, although the latter has not been fully
substantiated. The most potent components of C. roseus
are its alkaloids, with over 400 identified. These alkaloids
are utilized in insecticides, fragrances, food additives,
medicines, and agrochemicals. The plant's roots and stems
contain alkaloids like ajmalicine, vinblastine, and
vincristine, which have shown significant anticancer
activity. Vinblastine treats Hodgkin's disease and
choriocarcinoma, while vincristine is effective against
pediatric leukemia. Catharanthus roseus also plays a role
in traditional medicine across various cultures, treating
conditions such as dysentery, diabetes, asthma, and cancer.
The plant's bioactive compounds, particularly vinblastine
and vincristine, are critical in cancer treatment. Recent
nanotechnology advancements could further enhance these

compounds' efficacy, paving the way for new cancer
treatments. Despite some toxicity concerns, vinca alkaloids
remain among the most widely used cancer drugs.

Keywords Catharanthus  roseus, — Secondary
Metabolites, Disease, Anticancer, Vinblastine and
Vincristine

1. Introduction

Catharanthus roseus (L.), a significant medicinal plant
in the Apocynaceae family, has a virtually endless supply
of beneficial alkaloids that are used to treat diabetes, blood
pressure, asthma, constipation, cancer, and menstrual
issues. About two common cultivars of C. roseus exist,
Rosea (pink flowers) and Alba (white flowers) respectively,
based on the color of their blooms. Catharanthus found
alone in Madagascar, so also known as Madagascar
periwinkle. In addition to Vinca rosea, Ammocallis rosea,
and Lochnera rosea, other English names for the plant that
are occasionally used are Cape Periwinkle, Rose
Periwinkle, Rosy Periwinkle, and "Old Maid."

Binomial Name- Catharanthus roseus (L.) G. Many
work of researchers from Brazil indicate an infusion of
leaves in the form of mouthwash for tooth pain, in the
treatment of haemorrhage and scurvy, and for the curing of
chronic wounds. In the West Indies and the Philippines,
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literature has shown its benefits in ulcers due to diabetes
and oral anti-diabetic drugs. Studies have also reported
their antibacterial and substantial hypotensive action. This
action of antidiabetic and sustained hypotension is not yet
proven, but one alkaloid ajmalicine shows temporary
action in blood pressure. This plant's Widespread name is
also “Nayantara” or “Sadabahar”. In the Greek language
Catharanthus, is a pure flower and roseusmeans means red
or rosy [1].

It included a class of alkaloids, despite being extremely
toxic, which researchers studying its medical properties
discovered might help treat cancer. Plants have a wide
range of chemical compounds having biological processes
that protect themselves against herbivorous animals, fungi,
insects, and other predators using substances including
alkaloids, flavonoids, saponins, and sugars.

Alkaloids are Catharanthus roseus most potentially
active chemical constituents. More than 400 alkaloids
found in the plant are used as agrochemicals, food
additives, medications, perfumes and scents, and
insecticides. Alkaloids such as actineoplastidemeric,
Vinblastin, Vincrestine, Vindesine, and Vindeline
Tabersonine are mainly found in aerial regions, whereas
ajmalicine, vinceine, vineamine, raubasin, reserpine,

catharanthine, etc. are mostly found in roots and base stems.

Roseindin is an anthocyanin pigment found in C. roseus

flowers.

Common applications for this plant include [2,3,4]:

*  In India-Leaf juice is applied topically to soothe bee
or wasp stings.

* In Philippines-Diabetes can be treated with a
decoction of leaves, while stomach cramps can be
treated with a decoction of young leaves. Intestinal
parasitism can be treated with a decoction of roots.

*  Tea made from leaves is used to treat menorrhagia.

* Root and raw leaf extracts have anti-cancer
properties.

*  The use of roots in dysentery.

e The roots are used as purgative, vermifugal,
depurative, haemostatic, and toothache treatments,
while the bitter and astringent leaves are employed
as an inducer of vomiting.

*  The juice from the leaves is used to treat dyspepsia
and indigestion.

*  The plant is utilized to treat diabetes.

*  Flower extract is used for infants' eyes.

e Asthma, TB, and flatulence are treated with flower
decoction.

. In Malaysia-The herb is utilized for cancer, diabetes,
hypertension, and sleeplessness.

* In Hawai-To stop bleeding, a boiling plant extract is
utilized.

¢ In America-Gargle with plant to relieve laryngitis,
chest discomfort, and sore throats.

* In Africa-Rheumatism and menorrhagia are treated
with leaves.

A significant illness with a high mortality rate is cancer.
Both internal and exterior factors can cause cancer.
Chemotherapy, radiation, and surgery are the available
therapeutic modalities. The patient experiences serious
adverse effects from the present treatments which are also
quite expensive. Medicinal herbs might be a more
effective option to remove these obstacles. The
significance of the medicinal herb Catharanthus roseus is
covered in this chapter. The two significant bioactive
alkaloids generated from this plant are vinblastine and
vincristine. These two substances are essential in the
therapy of different forms of cancer. The routes for
shikimate, mevalonate, and methyl-erythritol phosphate
(MEP) produce powerful anticancer chemicals [5].

Different concentrations of Catharanthus methanolic
crude extracts were reported to have considerable
anticancer efficacy against a variety of cell types in an in
vitro setting for multidrug-resistant tumor forms.

The stem and leaves of Catharanthus roseus contain
the anticancer alkaloids vinblastine and vincristine. Some
human malignancies are affected by the growth-inhibiting
effects of these alkaloids. Vinblastine is used
experimentally to treat neoplasms and is prescribed for
Hodgkin's disease and choriocarcinoma. A different
alkaloid called vincristine is used to treat pediatric
leukemia. In vitro, tests using various concentrations of
Catharanthus roseus methanolic crude extracts revealed
strong anticancer activity against a wide range of cell
types, with multidrug-resistant tumor types showing the
most anticancer activity. Vincristine is marketed as
oncovin, and vinblastine is marketed as Velban.

Numerous biological features of these two substances
are  discussed in  detail in  this  chapter.
Nanotechnology-based synthesis has been more prevalent
recently, and these formulations have been thought to
improve the effectiveness of bioactive substances. This
might mark the start of a new stage in the development of
drugs based on nanotechnology. However, toxicity
concerns associated with the high concentration of vinca
compounds were considered. Vinca alkaloids remain
among the first-generation cancer treatments and are
currently the second-most utilized family of cancer
medications. Future research on vinca alkaloids and their
potential medicinal uses is necessary [6].

2. Materials and Methods

Classification:
Kingdom: Plantae
Division: Magnoliophyta
Class: Magnoliopsida
Order: Gentianales
Family: Apocynaceae
Genus: Catharanthus
Species: C.roseus
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2.1. Morphology

Catharanthus roseus is an evergreen sub-herb or
herbaceous plant growing up to one meter in height. The
leaves are hairless, glossy, green, oval to oblong, 2.5-9.0
cm long, and 1-3.5 cm broad. They are grouped in
opposite pairs and have a light midrib and a short, 1-1.8
cm long petiole. The flowers have a rich red center and
range from white to dark pink. The corolla has five
petal-like lobes and measures 2 to 5 cm in diameter, while
the basal tube is around 2.5 to 3 cm long. The fruit
consists of two 3 mm wide and 2-4 cm long follicles.

2.2. Geographical Distribution

Catharanthus roseus is native to the Indian Ocean
Island of Madagascar. It is an endangered plant in the wild,
and habitat damage from slash-and-burn agriculture is the
main reason for its decline. Despite this, it is now widely
found in many tropical and subtropical locations
worldwide, including the Southern United States.

2.3. Cultivation

The optimal conditions for growing C. roseus as an
annual bedding plant are full sun to partial shade and
well-drained sandy loams. Requires consistent moisture;
do not water from above. To grow this annual properly,
you need excellent soil drainage. Plant seeds indoors 12—
16 weeks before the latest date of frost. Thrives in
summer's heat and humidity. Plants may be pruned in late
summer to provide a stock for the following spring by
overwintering. Indoors, container plants can be
overwintered. May self-seed when growing conditions are
ideal. Many cultivators have been chosen for their ability
to withstand colder growing conditions in temperate
climates and their variety of bloom colors, including
white, mauve, peach, scarlet, and reddish orange [7].

2.4. Synthetic Pathways

The production of isopentenyl diphosphate (IPP), a
common core precursor, initiates the synthesis of vinca
chemicals, specifically VCR and VBR. Mevalonate and
the methyl-erythritol phosphate (MEP) pathways combine
to create IPP [8]. Three pathways like Shikimate,
Mevalonate and Methyl-erythritol phosphate (MEP) are
typically used to synthesize vinca alkaloids.

2.4.1. Shikimate Pathway

This mechanism is responsible for converting
chorismate into tryptophan. It involves six steps shown in
Figure 1:

Step 1: Formation of Anthranilate from Chorismate
with the help of the enzyme Anthranilate synthase.

Step 2: Conversion of  Anthranilate into
N-(5-Phosphoribosyl) anthranilate catalyzed by enzyme
phosphoribosyl (PR) diphosphate anthranilate transferase.

Pharmaceutical Importance of Catharanthus roseus in Cancer Management

Step 3: 1-(o-carboxyphenylamino)-1-deoxyribulose
phosphate is formed after this with help of
PR-anthranilate isomerase.

Step 4: Indole-3-glycerol phosphate synthase facilitates
the conversion of last product to indole-3-glycerol
phosphate.

Step 5: Tryptophan synthase converts indole-3-glycerol
phosphate to indole.

Step 6: Tryptophan synthase b catalyzes the conversion
of indole to tryptophan. The precursor to the synthesis of
vinca alkaloids is tryptophan [9].

Chorismate

Anthranilate synthase

@

Anthranilate

|

PR diphosphate anthranilate transferase

@

N-(5-Phosphoribosyl) anthranilate

PR-anthranilate isomerase

e

| 1-(0-carboxyphenylamino)-1-deoxyribulose phosphate ]

Indole-3-glycerol phosphate synthase

@

| Tndole-3-glycerol phosphate |

Tryptophan synthase a

‘ Tryptophan synthase b

Tryptophan

Figure 1. Steps of Shikimate Pathway

2.4.2. Mevalonate Pathway

The mevalonate pathway occurs mostly in higher plants
in the cytoplasm and mitochondria. The acetoacetyl CoA
thiolase enzyme first catalyzes the first reaction between
the two acetyl CoA molecules to generate acetoacetyl
CoA. In the presence of HMG CoA synthase, acetoacetyl
CoA condenses with acetyl CoA to generate
3-hydroxy-3-methylglutaryl CoA (HMG CoA). HMG
CoA is changed into mevalonate by the enzyme HMG
CoA reductase. Mevalonate kinase converts the
mevalonate to 5-diphosphomevalonate. Isopentenyl
diphosphate is produced from 5-diphosphomevalonate by
the enzyme diphosphomevalonate de carboxylase. This is
an important stage in the synthesis of isoprenoids:
Isopentyl isomerase converted isopentenyl diphosphate to
dimethylallyl diphosphate. Additionally, it is then
condensed with isopentenyl diphosphate giving geranyl
diphosphate. =~ The  starting point to  produce
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monoterpenoids is geranyl diphosphate [10]. Steps are
also shown in Figure 2.

Acetyl CoA

‘ Acetoacleyl Co-A thiolase

[ Acetoacetyl-CoA J

‘ HMG-CoA synthase

Hydroxymethyl-glutaryl-CoA

NADPH ‘ HMG-CoA reductase
[ Mevalonate J
ATP ‘MVA kinase

Mevalonate Phosphate

ATP,

evalonate phosphate kinase

[ Mevalonate Diphosphate ]

MVAPP dec arboxyla*levalonate phosphate kinase

Indole Phosphate(IPP)

4

Dimethylallyl diphosphate (DMAPP)

Figure 2. Steps of Mevalonate Pathway

2.4.3. Methyl-Erythritol Phosphate (MEP) Pathway

Plasmids are the primary host of the methyl-erythritol
phosphate (MEP) pathway. The MEP route produces
mono, di, and tri terpenoids. First, pyruvate and
glyceraldehyde-3-phosphate are condensed to produce
1-deoxy-d-xylulose-5-phosphate when 1-deoxy-d-
xylulose-5-phosphate  synthase is present. Reducto-
isomerase changes 1-deoxy-dxylulose-5-phosphate into
2-C-methyl-d-erythritol 4-phosphate. In the presence of
synthase, 2-C-methyl-d-erythritol 4-phosphate is changed
into 4-cytidyl diphospho-2C-methyl-d-erythritol. In the
presence of synthase, 4-cytidyl diphospho-2C-methyl-
d-erythritol is transformed into 2-C-methyl-d-erythritol
2,4  cyclodiphosphate.  Erythritol ~ 2,4-C-methyl-d-1-
hydroxy-2-methyl 2(E) butenyl 4 phosphate was produced
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from cyclodiphosphate in isopentenyl diphosphate in
presence of kinase [11]. The pathway is shown in Figure
3.

Pyruvate+ Glyceraldehyde 3-phosphate

(A

co2 1-Deoxy-D-xylulose-5-phosphate Synthase

[ 1-Deoxy-D-xylulose-5-phosphate ]

NADPH--->NADP 1-Deoxy-D-xylulose-5-phosphate reducto isomerase

&

2-C-methyl-D-erythritol 4-phosphate

CTP--=>PPi and Mg2 4-Cytidyl diphospho-2 C-methyl-D-ervthritol synthase

@

[ 4- Cytidyl diphospho-2 C-methyl-D-erythritol I

ATP -2>ADP 4-Cytidyl diphospho-2 C-methyl-D-erythritol kinase

(

| 4- Cytidyl diphospho-2 C-methyl-D-erythritol 2-phosphate |

CMP, 2,4-cyclodiphosphate synthasce
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[ 2-C-methyl-D-erythritol 2,4-cyclodiphoshate J

e
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&

[ 1-hydroxy-2-methyl 2(E) butenyl 4 diphosphate J

e

| Indole Pyrophosphate |

IPP isomerasc

-

[ Dimethylallyl diphosphate ]

Figure 3. Methyl-Erythritol Phosphate (MEP) Pathway

2.5. Potentially Active Chemical Constituents

C. roseus contains alkaloids, flavonoids, carbohydrates,
and saponins. The Catharanthus roseus plant's primary
potentially active chemical components are called
alkaloids. The plant contains more than 400 alkaloids,
which are utilized as insecticides, agrochemicals,
flavorings, fragrances, and components in cuisine. While
ajmalicine, vinceine, vineamine, raubasin, reserpine,
catharanthine, and other alkaloids are found in the roots
and basal stem, alkaloids such as actineo plastidemeric,
vinblastin, vincrestine, vindesine, and vindeline
tabersonine are primarily found in the aerial sections. The
anthocyanin pigment known as rosindin is present in the
C. roseus flower [12]. Phytochemical extracts and
fractions obtained from C. roseus are shown in Table 1.
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Table 1.
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Phytochemical extracts and fractions obtained from C. roseus

Bioactive Plant Substances

Method of extraction and determination

Vindoline, vinblastine, catharanthine, vincristine, ,
ajmalicine, catharanthine, serpentine

Ultraviolet-c treated CMCs extraction, Agilent HPLC, C18 column, HPLC
with UV, Modular transcriptional control of MIA (monoterpoid indole
alkaloid), Ultra HPLC-quadrupole time-of-flight (UPLC-Q-TOF) mass

spectrometry method, Centrifugal partition chromatography

Vincristine, vinblastine, vindesine, ajmalicine, ajmaline,
reserpine, vindoline

Ultra HPLC — tandem mass spectrometry

Vinblastine, vincristine

Yeast extract elicitation

Catharanthine, vinblastine, vincristine, vindoline

HPLC and qualification reverse — transcription polymerase chain reaction

qRT-PCR, ultraviolet-C

Vincristine, vinblastine, Vindoline, catharanthine,
yohimbine

HPLC with diode array detector (HPLC-DAD)

Cathacunine, dimeric indole alkaloids

Nuclear factor kappa-light chain-enhancer of activated B cells(NFKB) and

c-jun N terminal kinase (JNK), HPLC

Ajmalicine, Serpentine, Catharanthine, vindoline,
vindolinine, vincristine, vinblastine, anhydrovinblastine

HPLC -DAD method simultaneous analysis of terpenoid indole

alkaloids(TIAs)

3. Medicinal Properties and
Pharmacological Considerations

People have been using this plant as an alternative to
medications for a variety of ailments since ancient times.
Since C. roseus is used for treating cancer as it produces
many phytochemicals helping in fighting cancer in many
countries. The leaf extract has been utilized by people in
India to treat wasp and bee stings. Apart from that, the
leaves' infusion was used to treat certain diseases.

Anticancer property- The stem and leaves of
Catharanthus roseus stems and leaves can be used for
alkaloids vinblastine and vincristine. Certain human

cancers can be inhibited in their growth by these alkaloids.

Vinblastine is advised for chorio carcinoma and cancer
that affects the lymphatic system called as Hodgkin's
disease. Another alkaloid called vincristine is used to treat
childhood leukemia. Vinblastine is marketed as Velban
abd Vincristine as oncovin [13].

Leukemia, lymphoma, and other solid tumors are
among the cancers that can be treated with chemotherapy
using vincristine and vinblastine, which are produced
from Catharanthus roseus. Because they are effective in
destroying cancer cells, they are included in standard
therapy regimens for certain types of cancer.

Antidiabetic property- The ethanolic extracts of
flowers, leaves of C. roseus's show decrease in sugar level
as medicine like glibenclamide, due to increased liver
glucose utilization, the hypoglycemic effect has
developed.

Extracts from Catharanthus roseus have been shown to
improve cells' glucose absorption, enhancing the body's
glucose usage and perhaps lowering elevated blood sugar
levels [14].

Antioxidant property- A distinct test system was used
to determine the antioxidant potential of the ethanolic

extract of the roots of the two types of C. roseus, rosea
(pink flower) and alba (white flower). It was shown that C.
roseus had greater antioxidant activity than C. alba,
however the ethanolic extract of the roots of Periwinkle
cultivars had an acceptable scavenging effect throughout
the assay in a concentration-dependent manner [15].

Catharanthus roseus contains antioxidants that can
scavenge or neutralize free radicals in the body. Free
radicals are unstable chemicals that can lead to oxidative
stress, harming cells and playing a role in several illnesses,
such as heart disease and cancer.

Antibacterial property- The antibacterial activity of
crude extracts derived from various plant sections was
evaluated. The effectiveness of the leaf extract was
noticeably higher. When leaf extract was examined for
microorganisms such as Pseudomonas aeruginosa
NCIM2036, Salmonella typhimuruim NCIM2501, and
Staphylococus aureus NCIM5021, it was discovered that
the extracts had antibacterial activity and could be used as
a preventative measure in the treatment of numerous
diseases.

Alkaloids, flavonoids, tannins, and terpenoids are just a
few of the bioactive substances found in plants that have
demonstrated antibacterial activity. Certain bacteria are
inhibited by Catharanthus roseus extracts. These actions
interfere with the development and reproduction of
bacteria, which may help manage bacterial illnesses [16].

Anthelminthic property-Both people and animals are
susceptible to the chronic illness brought on by helminth
infestations. Catharanthus roseus was shown to have been
used as an anti-helminthic drug from the traditional era.
The anti-helminthic property of C. roseus has been
evaluated using piperazine citrate as the standard reference
and Pherithema postuma as an experimental model.
Numerous bioactive substances found in the plant,
including flavonoids, terpenoids, and alkaloids, have been
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studied for possible antihelminthic effects. Catharanthus
roseus may effectively suppress the growth or damage the
structure of specific parasitic worms, such as nematodes
and trematodes [17].

Antidiarrheal property- In addition to the extract's
pretreatment, castor oil induced experimental diarrhea in
wistar rats was done to investigate ethanol extract of
leaves for anti-diarrheal properties. The anti-diarrheal
action of C. roseus ethanolic extracts demonstrated the
dose-dependent suppression of diarrhea generated by
castor oil.  Catharanthus roseus may  exhibit
antispasmodic effects on the smooth muscles of the
gastrointestinal tract. This action could potentially reduce
the frequency and severity of diarrhea by modulating
intestinal contractions [18].

Antiulcer property-The plant's alkaloids, vincamine
and vindoline, have anti-ulcer properties. Extracts from
Catharanthus roseus show a preventive effect against the
development of stomach ulcers. These substances may be
beneficial by lessening gastric acid production and
strengthening the stomach lining's defenses [19].

4. Anticancer Activity and Mechanism
of Biological Action C. roseus

Many indole alkaloids produced by C. roseus are
referred to as Vinka alkaloids and are frequently utilized
as antimitotic medications in cancer treatment [20].
Among these are semisynthetic derivatives such as
vindesine, vinorelbine, and vinflunine [21] and natural
products such as vincristine and vinblastine [22]. To
increase their medicinal efficacy, alkaloids catharanthine
and vindoline are converted into vinflunine and vinorelbine,
are characterized by the velbanamine moiety in contrast to
the structure of vinblastine [23].

Vinca alkaloids modify the dynamics of microtubules,
causing apoptosis and suppressing cell development. In
addition to being essential for chromosome separation
during meiosis and mitosis they are involved in many
other cellular processes, including transport and cell
structure maintenance [24]. The basic building blocks of
MTs are a- and B-tubulin heterodimers, which dynamically
polymerize and  depolymerize at their ends.
Tubulin-guanosine 5-triphosphate (GTP) binding controls
the MT polymers' capacity to assemble and disassemble, a
process referred to as "treadmilling”" and "dynamic
instability." Apoptosis, or programmed cell death, can
occur from any disturbance or instability of these dynamics,
which can stop the cell cycle [25].

Since MT-stabilizing agents that block
depolymerization and MT-depolymerizing agents that
hinder MT assembly are the two distinct groups of
destabilizers [26], each group of destabilizers has its own
set of chemicals. Vinca alkaloids and their derivatives use
surface-based tubulin heterodimer binding near the
exchangeable GTP-binding site to stop the cycle of tumor
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cells during mitosis. This process depolymerizes the MTs
[27].

Vincristine > vinblastine > vinorelbine > vinflunine is
the sequence in which the overall equilibrium constants
decrease [28]. The mechanism of action of Vinca
alkaloids is shown in Figure 4. Furthermore, the two
fluorine atoms that distinguish vinflunine from vinorelbine
probably help to explain its enhanced electrostatic
interaction [29].

VINCRISTINE/VINBLASTINE

. 4

Inhibition of Microtubule Formation

U

Binding to Tubulin

) 4

Preventing
Assembly of
Microtubules
Filaments

U

Disruption of Mitotic Spindle Formation

L

Interference with

Chromosome Segregation

¥

Cell Cycle Arrest

Figure 4. Mechanism of Action of Vinca Alkaloids

The vindoline domain then ensures tubulin
heterodimers binding, while the catharanthine domain
provides the cytotoxic effect [27]. According to several
writers, when levels of vinca alkaloids are low, they halt
cell mitosis and cause the cells to die after a protracted
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incubation period. This dose-dependent model of action is
followed by vinca alkaloids. But at high concentrations,
vinca alkaloids cause the tumor cells to cease going
through mitosis by forming paracristals, which are big
tubulin polymers, and they also cause the cells to die right
away [30]. Numerous scientists have lately reported on
the new modes of action of these alkaloids, which include
inhibition of amino acid metabolism, interaction with
calmodulin, and interaction with MTs-related protein [31].
Nonetheless, variations in the activity of vinca alkaloids
were noted with this novel mechanism of action. Thus,
despite vinflunine's lesser tubulin binding than vinblastine
or vincristine, it interacts with calmodulin, which may
account for its superior efficacy against murine tumors
and human tumor xenografts [32].

5. Techniques for Extracting and
Physicochemical Evaluation of
Anti-Cancer Compounds from C.
Roseus

The use of chemical solvents in the extraction of
bioactive compounds may result in pollution of the
environment. Long-term exposure to toxic solvent waste
from several industrial operations can harm immunological,
respiratory, and thyroid functioning. An alternative
method of extracting bioactive compounds is to use water
as the solvent [33].

An alternate technique for extracting the bioactive
component is extraction using water as the solvent. But in
water high water temperature during the extraction
process is necessary to remove the substance. The rise in
temperature could drop throughout the extraction process.
The quality of the extract and the intended bioactive
ingredient may be compromised by the extraction process's
increase in temperature. Furthermore, water extraction The
extraction process takes a very long time to complete [34].
Vinblastine and vincristine, two dimeric terpenoid indole
alkaloids that are frequently employed in cancer
chemotherapy, are produced in small amounts by C.
roseus [35]. Using organic solvents, Eli Lilly initially
developed techniques in extracting alkaloids present in C.
roseus in the 1970s [36]. These water-and-sulfuric acid
extraction methods require four steps: crystallization in
ethanol and sulfuric acid, two chromatographic columns,
and fractionation by partition with benzene. Extraction
from C. roseus leaves is done using various techniques,
such as ultrasonic extraction. Additionally, several studies
have demonstrated that the phytochemicals from C. roseus
may be extracted via supercritical fluid extraction (SFE)
[37].

6. Toxicity

A few side effects related to the consumption include:

Pharmaceutical Importance of Catharanthus roseus in Cancer Management

. Vincristine, an alkaloid derived from Catharanthus
roseus can cause hair loss, constipation,
hyponatremia (low sodium levels in the blood) and
peripheral neuropathy (nerve damage resulting in
weakness, pain, etc) [38,39].

* An excess consumption of Catharanthus roseus
leaves or petals can result in unwanted effects like
nausea, vomiting, headache and fever [40].

7. Discussion

Nanotechnology offers intriguing possibilities for the
application of Catharanthus roseus, commonly known as
the Madagascar periwinkle or rosy periwinkle, which is a
medicinal plant known for its production of valuable
alkaloids, including vincristine and vinblastine. These
alkaloids are used in chemotherapy to treat various
cancers.

The following are some possible wuses of
nanotechnology in relation to Catharanthus roseus:

* Drug Delivery: Nanotechnology can assist in
enhancing the delivery of these alkaloids derived
from the plant by encapsulating them into
nanoparticles. This approach can improve the
targeted delivery of drugs, increase their solubility,
and minimize adverse side effects.

*  Enhanced Production: Catharanthus roseus plants'
growth conditions and production may be enhanced
by the application of nanoparticles. Nutrient delivery
systems at the nanoscale or fertilizers based on
nanotechnology may promote plant growth and
alkaloid production.

*  Biochemical Studies: The metabolism and
manufacture of alkaloids within plants can be studied
with the help of nanotechnology instruments like
nanosensors. This understanding could lead to
strategies for optimizing and increasing the yield of
these valuable compounds.

. Genetic Modification: By making it easier to transfer
genetic material or gene-editing tools into plant cells,
nanotechnology can support genetic engineering
methods. Catharanthus roseus could be modified in
this way to produce more alkaloids or acquire other
desired characteristics [41].

*  Environmental Monitoring: Nanosensors can be
utilized to monitor the environmental conditions and
factors affecting the growth and health of
Catharanthus roseus plants. This information can
help in optimizing cultivation practices for better
yields [42].

8. Conclusions

Catharanthus roseus, popularly called the periwinkle of
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Madagascar, is a rich source of phytoconstituents, mainly
alkaloids like vinblastine and vincristine that are highly
valued for their therapeutic qualities. These substances are
at the forefront of anticancer therapies, demonstrating
exceptional effectiveness in preventing the growth of
cancer cells, therefore battling a variety of malignancies.
However, because of possible toxicity issues, vigilance is
necessary in addition to their therapeutic efficacy.
Although very useful in oncology, vincristine and
vinblastine can cause side effects such as neurotoxicity,
bone marrow suppression, and gastrointestinal disorders.
As such, they should be administered carefully and under
medical supervision. Despite these difficulties, the plant's
varied phytoconstituents nevertheless present exciting
research opportunities, with the potential to advance
anticancer medicines and expand the scope of medical
applications while minimizing toxicity.

Acknowledgments

Authors are grateful to the Department of Pharmacy,
School of Healthcare & Allied Sciences, GD Goenka
University, Gurugram, Haryana, India and KIET School
of Pharmacy, Ghaziabad, Uttar Pradesh, India, for
providing the necessary facilities.

REFERENCES

[1] Nejat, N., Valdiani, A., Cahill, D., Tan, Y. H., Maziah, M.,
& Abiri, R., “Ornamental exterior versus therapeutic
interior of Madagascar periwinkle (Catharanthus roseus):
the two faces of a versatile herb,” The Scientific World
Journal, vol.1, pp. 982412, 2015. DOI: 10.1155/2015/9824
12.

[2] Goswami, S., Ali, A. Prasad, M.E., Singh, P.,
“Pharmacological Significance of Catharanthus roseus in
Cancer Management: A Review,” Pharmacological
Research-Modern Chinese Medicine, vol.11, pp. 100444,
2024. DOI: 10.1016/j.prmcm.2024.100444.

[3] Ray, B. Das, S., Deka, P., Das, K., Niyogi, P., Barman, T.,
“A Review: Importance of Catharanthus roseus in the
treatment of Cancer,” African Journal of Biomedical
Research, vol.27, no. 1S, pp. 1384-8, 2024.

[4] Nisat, U.T., Jahan, N., Afrin, S.R., Akter, B., Nahar, A.,
Islam, M.R., Hossain, M.K.,  “Phytochemical,
Ethnopharmacological, and Medicinal Importance of
Catharanthus roseus (Apocyanaceae): A Mini-review,”
South Asian Research Journal of Natural Products, vol.7, no.
2, pp. 87-101, 2024.

[5] Whitmer, S., Canel, C., Hallard, D., Gongalves, C., &
Verpoorte, R., “Influence of precursor availability on
alkaloid accumulation by transgenic cell line of
Catharanthus roseus,” Plant Physiology, vol. 116, no. 2, pp.
853-857, 1998. DOI: 10.1104/pp.116.2.853

[6] Verma, P., Mathur, A. K., Srivastava, A., & Mathur, A.,

[11]

[17]

599

“Emerging trends in research on spatial and temporal
organization of terpenoid indole alkaloid pathway in
Catharanthus roseus: a literature update,” Protoplasma, vol.
249, pp. 255-268, 2015. DOI: 10.1007/s00709-011-0291-4

Veau, B., Courtois, M., Oudin, A., Chénieux, J. C., Rideau,
M., & Clastre, M., “Cloning and expression of cDNAs
encoding two enzymes of the MEP pathway in
Catharanthus roseus,” Biochimica et Biophysica Acta
(BBA)-Gene Structure and Expression, vol. 1517, no. 1, pp.
159-163, 2000. DOI: 10.1016/S0167-4781(00)00240-2

Cordoba, E., Salmi, M., & Ledn, P., “Unravelling the
regulatory mechanisms that modulate the MEP pathway in
higher plants, “Journal of experimental botany,” vol. 60, no.
10, pp. 2933-2943, 2009. DOI: 10.1093/jxb/erp190.

Almagro, L., Fernandez-Pérez, F., & Pedrefio, M. A.,
“Indole alkaloids from Catharanthus roseus: bioproduction
and their effect on human health,” Molecules, vol. 20, no. 2,
pp- 2973-3000, 2015. DOI: 10.3390/molecules20022973

Jacobs, D. 1., Snoeijer, W., Hallard, D., & Verpoorte, R.,
“The Catharanthus alkaloids: pharmacognosy and
biotechnology,” Current medicinal chemistry, vol. 11, no. 5,
pp- 607-628, 2004. DOIL: 10.2174/0929867043455846

Sottomayor, M., & Barceld, A. R., “The Vinca alkaloids:
from biosynthesis and accumulation in plant cells, to uptake,
activity and metabolism in animal cells”, Studies in Natural
Products Chemistry, vol. 33, pp. 813-857, 2006. DOI:
10.1016/S1572-5995(06)80041-4

Nirmala, M. J., Samundeeswari, A., & Sankar, P. D.,”
Natural plant resources in anti-cancer therapy-A review”,
Res Plant Biol, vol. 1, no. 3, pp. 01-14, 2011.

Vipasha, S., Hardeep, K., Tarun, K., Tullika, M.,
“Traditional Indian herb Catharanthus roseus used as cancer
treatment: a review”, Int J Pharmacogn Phytochem Res, vol.
8, no. 12, pp. 1926-1928, 2016.

Govindan, N., Vairaprakasam, K., Chinnasamy, C.,
Sivalingam, T., Mohammed, M. K., “Green synthesis of
Zn-doped Catharanthus Roseus nanoparticles for enhanced
anti-diabetic activity”, Materials Advances, vol. 1, no. 9, pp.
3460-3465, 2020. DOI: 10.1039/DOMA006981J.

Mir, M. A., Kumar, A., & Goel, A., “Phytochemical
analysis and antioxidant properties of the various extracts of
Catharanthus roseus”, Journal of Chemical and
Pharmaceutical Research, vol. 10, no. 10, pp. 22-31, 2018.

Goyal, P., Khanna, A., Chauhan, A., Chauhan, G., Kaushik,
P., “In vitro evaluation of crude extracts of Catharanthus
roseus for potential antibacterial activity”, International
Journal of Green Pharmacy, vol. 2, no. 3, pp. 176-181,
2008.

Chaturvedi, V., Goyal, S., Mukim, M., Meghani, M.,
Patwekar, F., Patwekar, M., Sharma, G. N, “A
comprehensive review on Catharanthus roseus L.(G.) Don:
clinical ~ pharmacology, ethnopharmacology  and
phytochemistry”, J. Pharmacol. Res. Dev, vol. 4, no. 2, pp.
17-36, 2022. DOI: 10.46610/jprd.2022.v04i02.003.

Kyakulaga, A. H., Alinda, T. B., Vudriko, P., Ogwang
Engeu, P., “In vivo antidiarrheal activity of the ethanolic
leaf extract of Catharanthus roseus Linn.(Apocyanaceae) in
Wistar rats”, African J. Pharmacy and Pharmacology, vol.
15, pp. 1797-1800, 2011.


https://doi.org/10.1016/j.prmcm.2024.100444

600

(20]

[23]

[25]

[26]

[29]

(31]

Pharmaceutical Importance of Catharanthus roseus in Cancer Management

Rambhai, P. A., Sisodia, S. S., Chaudhuri, A., & Patidar, A.,
“Antiulcer and  Antihyperlipidaemic  Efficacy of
Catharanthus roseus Leaves on pylorus ligation induced
Ulcer in Experimental Animals”, Pharmaceutical and
Biosciences Journal, pp. 07-12, 2019.

Wang, L., He, H. P, Di, Y. T., Zhang, Y., & Hao, X. J,,
“Catharoseumine, a new monoterpenoid indole alkaloid
possessing a peroxy bridge from Catharanthus roseus”,
Tetrahedron Letters, vol. 53, no. 13, pp. 1576-1578, 2012.
DOI: 10.1016/j.tetlet.2012.01.060.

Jordan, M. A., Wilson, L., “Microtubules as a target for
anticancer drugs”, Nature reviews cancer, vol. 4, no. 4, pp.
253-265, 2004. DOI: 10.1038/nrc1317.

Perez, E. A., “Microtubule inhibitors: Differentiating
tubulin-inhibiting agents based on mechanisms of action,
clinical activity, and resistance”, Molecular cancer
therapeutics, vol. 8, no. 8, pp. 2086-2095, 2009. DOI:
10.1158/1535-7163.MCT-09-0366.

Islam, M., & Iskander, M. N., “Microtubulin binding sites
as target for developing anticancer agents”, Mini reviews in
medicinal chemistry, vol. 4, no. 10, pp. 1077-1104, 2004.
DOI: 10.2174/1389557043402946.

Morris, P. G., Fornier, M. N., “Microtubule active agents:
beyond the taxane frontier”, Clinical cancer research, vol.
14, 1n0. 22, pp. 7167-7172, 2008. DOI: 10.1158/1078-0432
.CCR-08-0169.

Gigant, B., Wang, C., Ravelli, R. B., Roussi, F., Steinmetz,
M. O., Curmi, P. A., Knossow, M., “Structural basis for the
regulation of tubulin by vinblastine”, Nature, vol. 435, no.
7041, pp. 519-522, 2005. DOTI: 10.1038/nature03566.

Coderch, C., Morreale, A., & Gago, F., “Tubulin-based
structure-affinity relationships for antimitotic Vinca
alkaloids”, Anti-Cancer Agents in Medicinal Chemistry
(Formerly Current Medicinal Chemistry-Anti-Cancer
Agents), vol. 12, no. 3, pp. 219-225, 2012. DOI:
10.2174/187152012800228841.

Sertel, S., Fu, Y., Zu, Y., Rebacz, B., Konkimalla, B.,
Plinkert, P. K., ... & Efferth, T., “Molecular docking and
pharmacogenomics of vinca alkaloids and their monomeric
precursors, vindoline and catharanthine”, Biochemical
pharmacology, vol. 81, no. 6, pp. 723-735, 2011. DOI:
2/10.1016/j.bcp.2010.12.026.

Takanari, H., Yosida, T., Morita, J., Izutsu, K., & Ito, T.,
“Instability of pleomorphic tubulin paracrystals artificially
induced by Vinca alkaloids in tissue-cultured cells”,
Biology of the Cell, vol. 70, no. 1-2, pp. 83-90, 1990. DOI:
10.1016/0248-4900(90)90363-8.

Barbier, P., Tsvetkov, P. O., Breuzard, G., & Devred, F.,
“Deciphering the molecular mechanisms of anti-tubulin
plant derived drugs”, Phytochemistry reviews, vol. 13, pp.
157-169, 2013. Doi: 10.1007/s11101-013-9302-8.

Jacobs, D. 1., Snoeijer, W., Hallard, D., & Verpoorte, R.,
“The Catharanthus alkaloids: pharmacognosy and
biotechnology”, Current medicinal chemistry, vol. 11, no. 5,
pp. 607-628, 2004. DOI: 10.2174/0929867043455846.

Loh, K. Y., “Know the medicinal herb: Catharanthus roseus
(Vinca rosea)”, Malaysian family physician: the official
journal of the Academy of Family Physicians of Malaysia,
vol. 3, no. 2, pp. 123, 2008.

[32]

[33]

[35]

[36]

[37]

[40]

Wojdyto, A., Oszmianski, J., Teleszko, M. &
Sokét-Letowska, A., “Composition and quantification of
major polyphenolic compounds, antioxidant activity and
colour properties of quince and mixed quince jams”,
International journal of food sciences and nutrition, vol. 64,
no. 6, pp. 749-756, 2013. DOI: 10.3109/09637486.2013.79
3297.

Falcdo, M. A., Scopel, R., Almeida, R. N., do Espirito Santo,
A. T., Franceschini, G., Garcez, J. J., Cassel, E.,
“Supercritical fluid extraction of vinblastine from
Catharanthus roseus”, The Journal of Supercritical Fluids,
vol. 129, pp. 9-15, 2017. DOI:10.1016/j.supflu.2017.03.01
8.

Verma, A., Hartonen, K., & Riekkola, M. L., “Optimisation
of supercritical fluid extraction of indole alkaloids from
Catharanthus  roseus using experimental  design
methodology—comparison ~ with  other  extraction
techniques”, Phytochemical Analysis: An International
Journal of Plant Chemical and Biochemical Techniques, vol.
19, no. 1, pp. 52-63, 2007. DOI: 10.1002/pca.1015.

Moon, S. H., Mistry, B., Kim, D. H., & Pandurangan, M.,
“Antioxidant and anticancer potential of bioactive
compounds following UV-C light-induced plant cambium
meristematic cell cultures”, Industrial Crops and Products,
vol. 109, pp. 762-772, 2017. DOI: /10.1016/j.indcrop.2017
.09.024.

Jeong, W. T., & Lim, H. B., “A UPLC-ESI-Q-TOF method
for rapid and reliable identification and quantification of
major indole alkaloids in Catharanthus roseus”, Journal of
Chromatography B, vol. 1080, pp. 27-36, 2018. DOI:
10.1016/j.jchromb.2018.02.018.

Schweizer, F., Colinas, M., Pollier, J., Van Moerkercke, A.,
Bossche, R. V., De Clercq, R., & Goossens, A., “An
engineered combinatorial module of transcription factors
boosts production of monoterpenoid indole alkaloids in
Catharanthus roseus,” Metabolic engineering, vol. 48, pp.
150-162, 2018. DOI: 10.1016/j.ymben.2018.05.016.

Liu,Z.,,Wu,H.L.,Li, Y., Gu, H. W, Yin, X. L., Xie, L. X.,
& Yu, R. Q., “Rapid and simultaneous determination of five
vinca alkaloids in Catharanthus roseus and human serum
using  trilinear component modeling of liquid
chromatography—diode array detection data,” Journal of
Chromatography B, vol. 1026, pp. 114-123, 2016. DOI:
10.1016/j.jchromb.2015.08.008.

Kotland, A., Chollet, S., Diard, C., Autret, J. M., Meucci, J.,
Renault, J. H., & Marchal, L., “Industrial case study on
alkaloids purification by pH-zone refining centrifugal
partition chromatography”, Journal of Chromatography A,
vol. 1474, pp. 59-70, 2016. DOI: 10.1016/j.chroma.2016.1
0.039.

Pan, Q., Saiman, M. Z., Mustafa, N. R., Verpoorte, R., &
Tang, K., “A simple and rapid HPLC-DAD method for
simultaneously monitoring the accumulation of alkaloids
and precursors in different parts and different
developmental stages of Catharanthus roseus plants”,
Journal of Chromatography B, vol. 1014, pp. 10-16, 2016.
DOI: 10.1016/j.jchromb.2016.01.034.

Hanafy, M. S., Matter, M. A., Asker, M. S., & Rady, M. R.,
“Production of indole alkaloids in hairy root cultures of
Catharanthus roseus L. and their antimicrobial activity”,
South African Journal of Botany, vol. 105, pp. 9-18, 2016.



Advances in Pharmacology and Pharmacy 13(4): 592-601, 2025 601

DOI: 10.1016/j.52jb.2016.01.004. hypoglycemic alkaloid from Catharanthus roseus (L.) G.
) ) ) Don (Apocynaceae)”, Fitoterapia, vol. 102, pp. 182-188,
[42] Tiong, S. H., Looi, C. Y., Arya, A., Wong, W. F., Hazni, H., 2015. DOI: 10.1016/j.fitote.2015.01.019.

Mustafa, M. R., & Awang, K., “Vindogentianine, a



