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Cancer is one of the leading causes of death worldwide. Currently, drugs are used to
treat cancer whether alone or in combination but come with various side effects which
leads the researcher for alternative treatment. This review discusses about the
anticancer properties of the phytochemicals particularly derived from Catharanthus
roseus commonly called as nayantara. The principal alkaloids found in Catharanthus
roseus include vinblastine (VBL), vincristine (VCR), vinorelbine (VRL), vindesine
(VDS) and vinflunine. Vinca alkaloid are the class of chemotherapeutic compounds
used to treat various cancers by targeting microtubules to arrest cell division and causes
cell death. Despite of their effectiveness the vinca alkaloid faces challenges such as
developing environmentally friendly production method and bioavailability. Aside
from their anticancer properties vinca alkaloid may exhibit hypoglycemic and cytotoxic
effect and also used to treat diabetes and hypertension. The compound VCR, VBL, and
VRL are approved in United States while vinflunine is approved in Europe. As one of
the most used cancer drug classes, vinca alkaloid holds a significant place in therapy

delivery, microtubule
inhibitors
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with ongoing research exploring new applications and overcoming current production
and efficacy challenges.

globally. The most prevalent cancer includes
INTRODUCTION breast cancer, lung cancer, colorectal cancer,

) prostate cancer, skin cancer and stomach cancer (4],
Cancer refers to a diverse group of complex

disease characterized by proliferation caused by
genetic mutation or damage to DNA [ These
mutations disrupt normal cell cycle regulation
leading to formation of abnormal cells. According
to world health organization (WHO), in 2020
cancer was responsible for 10 million deaths

Several clinically approved strategies are currently
used to manage cancer such as: chemotherapy
(used to kill rapidly dividing cell), radiotherapy
(uses radiation to kill cancer cells),
immunotherapy (enhance body immune system to
fight with cancer cell), hormone therapy (target
hormone dependent cancer) . Limited selectivity
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toward cancer cell affecting normal tissue; natural
product especially derived from plants have played
a crucial role in drug discovery. Among them
alkaloid represent one of the extensively studied
classes of secondary metabolite due to their
diverse pharmacological activities including
anticancer properties. Significant alkaloid include
morphine (analgesic), quinine (antimalarial), and
reserpine (antihypertensive). One of the most
notable examples of plant-based anticancer agents
is the group of Vinca alkaloids, which are
extracted from Catharanthus roseus (Madagascar
periwinkle).  These  compounds  include:
Vincristine, Vinblastine, Vindesine, Vinorelbine,

Vinflunine [,
2.Alkaloid in medicine

Alkaloids are a fascinating and diverse group of
naturally occurring compounds, best known for
their nitrogen-containing structure and their
powerful biological activities. These compounds
are widely distributed in plants, fungi, and even
some animals, and they play an important role in
nature as a defense mechanism against herbivores,
pathogens, and  environmental  stress!l.
Interestingly, alkaloids make up about 20% of all
known secondary metabolites in plants,
highlighting their significance in plant chemistry
and pharmacology. They have been found to
influence the nervous system, regulate metabolic
pathways, and exhibit therapeutic effects against
well-

multiple diseases. Some of the most
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documented biological properties of alkaloids
include: Antioxidant (protecting cells from
oxidative stress), Anti-inflammatory (reducing
inflammation and related disorders), Anticancer
(Inhibiting cancer cell growth and inducing
apoptosis), Antimicrobial & Antimalarial (fighting
bacterial, fungal, and parasitic infections),
Immunomodulatory (balancing and boosting
immune  responses), Hepatoprotective &
Cardioprotective (safeguarding liver and heart
health), Antidiabetic & Analgesic (regulating
blood sugar and relieving pain). Because of these
properties, alkaloids are attracting global attention
as safer, plant-based alternatives to synthetic
drugs, especially at a time when the demand for
natural therapeutics is rapidly increasing'??!. For
example: Berberine (from Berberis vulgaris) is
widely studied for its antidiabetic and
antimicrobial effects. Capsaicin (from Capsicum
species) is well-known for its pain-relieving and
anti-inflammatory benefits. Beyond these popular
examples, there are many lesser-known but highly
promising alkaloid sources. For instance:
Erythrina species produce compounds with
sedative and anticonvulsant properties.

Tabernaemontana species contain ibogaine, a
compound being explored as a potential treatment
for drug addiction and neurological disorders!??l.
Overall, alkaloids are not just ancient remedies but
modern-day therapeutic candidates, holding the
promise of more effective, sustainable, and natural
solutions for global health challenges.
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Anticancer

Antimalaria

Antidiabetic

Figure 1. Alkaloids and their general pharmacological significance

3.Vinca alkaloid — A cornerstone in anticancer
chemotherapy

Vinca alkaloids are complex, bulky molecules
characterized by closely related chemical
structures. Each molecule consists of two main
componentst :

Indole nucleus (derived from the catharanthine
portion)

Dihydroindole nucleus
vindoline portion)

(derived from the

These two moieties are linked by a carbon—carbon
bond, forming a unique polycyclic ring system
with various substituents attached to the rings.
This intricate structural arrangement is critical for
their biological activity, particularly their
interaction with microtubules in cancer cells,
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which makes them valuable chemotherapeutic
agents!®). Vinca alkaloids are naturally occurring
or semi-synthetic nitrogen-containing bases
extracted primarily from the Madagascar
periwinkle plant, Catharanthus roseus (also known
as Vinca rosea)ll.

In late 1950s, Canadian scientists Robert Noble
and Charles Beer isolated these compounds while
investigating the plant for anti-diabetic
properties?]. Instead, they discovered its potent
cytotoxic activity, which eventually led to its
application in cancer chemotherapy. Currently, the
major clinically used vinca alkaloids include:
Vinblastine, Vincristine, Vinorelbine, Vindesine
These drugs are either directly extracted or semi-
synthesized from natural precursors found in C.
roseus */,
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This belongs to the Apocynaceae family!’!. It is a
small, ornamental flowering plant that is widely
grown in tropical and subtropical regions,
although it is originally native to Madagascar. Its
leaves are smooth, glossy, and green, with an oval
to oblong shape. They measure between 2.5 and 9
centimeters in length and 1 to 3.5 centimeters in
width, with a pale midrib running down the center
and a short petiole. The flowers are attractive and
vary in color from white to dark pink, often with a
reddish center. Each flower has a basal tube about
2.5 to 3 centimeters long and a corolla that is 2 to

of Pharm. Sci., 2025, Vol 3, Issue 12, 420-435| Research

5 centimeters across, made up of five petal-like
[6,18]

lobes!™ .

From a pharmacological perspective vinca
alkaloid have revolutionized cancer therapy. Their
mechanism of action involve binding to tubulin, a
protein essential for the formation of microtubules
during cell division. Because of this unique
mechanism vinca alkaloid have become a
cornerstone in the treatment of various cancers
including Hodgkin’s lymphoma, non-Hodgkin’s
lymphoma, acute lymphoblastic leukemia, breast
cancer and non-small cell lung cancer!”!.

Taxa

Kingdom Plantae

Phylum Magnoliophyta
Class Magnoliopsida
Order Gentianales
Family  Apocynaceae
Genus Catharanthus
(8) AL LOH Species  C. roseus
’ l L-x‘rC:Hs——» catharanthine
N ;N
[ > ” N\/—SCOOMe
H

T
AN
Meo” N H

R1 HO “COR,
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b vindoline

Figure 2: (A) Catharanthus roseus (vinca). (B) The common chemical core structure of vinca alkaloids,
generated by joining 2 alkaloids, ca-tharanthine and vindoline. The substitute group R1 of vinblastin,
vindesine, vinorelbine, and vinflunine is methyl, and that of vincristine is formyl. The substitute groups
R2 and R3 of vinblastin, vincristine, vinorelbine, and vinflunine are methoxy and acetoxy, whereas those
of vindesine are amine and hydroxy. The hydroxylation and alkylation site of catharanthine in vinflunine
is modified with ethylidene difluoride.

4.Isolation & extraction of vinca alkaloid

Method I:

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

Five kilograms of dried C. roseus powder were
moistened with 2% tartaric acid for 1 hour and
extracted three times with benzene (9 L total). The
combined benzene extracts were concentrated
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under vacuum at 50°C to 150 ml, mixed with 2%
tartaric acid (300 ml), and the residual benzene
was removed. The acidic solution was filtered and
extracted with methylene chloride (6 x 50 ml). The
combined extracts were washed, dried, and
concentrated to obtain the vindoline-rich fraction
(A).The remaining acidic solution was adjusted to
pH 5.9 with 25% NH4OH, and alkaloids were
extracted with methylene chloride (4 x 500 ml),
followed by back-extraction into 0.1 M citric acid
(pH 2.5, 750 ml). After adjusting to pH 4.4,
alkaloids were re-extracted with methylene
chloride (3 x 500 ml) to yield the vinblastine-rich
fraction (B). The aqueous layer was finally
adjusted to pH 5.9, and alkaloids were extracted to

obtain the vincristine-rich fraction (C)?% 2%,

Method 11

In this modified procedure, 5 kg of dried and
powdered C. roseus were extracted three times
with 80% methanol (10 L each time). The
combined methanolic extracts were concentrated
under reduced pressure at 50°C until completely
dry. The residue was then dissolved in 2% aqueous
tartaric acid solution, and the subsequent steps
were carried out as described in Method I,
resulting in a vinblastine-rich fraction (D).The
remaining aqueous layer was adjusted to pH 5.9
using 25% ammonia solution, and the liberated
alkaloids were extracted following the same
procedure used for the pH 4.4 fraction in Method
L, to obtain a vincristine-rich fraction El?%23],

Method IIT

Five kilograms of powdered Catharanthus roseus
were percolated three times with 95% methanol
(10 L each) for one hour per extraction. The
combined methanolic extracts were filtered and
concentrated under reduced pressure at 50°C to a
volume of about 500 ml. This concentrate was
diluted with 200 ml of water, acidified to pH 2
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using 1 N sulfuric acid, and then extracted with
ethyl acetate (3 x 500 ml). The ethyl acetate layers
were discarded.The remaining aqueous solution
was adjusted to pH 6.4 with 25% ammonium
hydroxide and extracted with methylene chloride
(3 x 500 ml). The combined methylene chloride
extracts were washed with water until free from
acidity, dried over anhydrous sodium sulfate,
filtered, and concentrated under reduced pressure
to dryness, yielding the alkaloidal fraction
(F)2023],

Method IV

3.5 kg of air-dried powdered C. roseus were
percolated three times with 80% methanol (10 L
each) for 2 days per extraction. The combined
extracts were filtered and concentrated under
reduced pressure at 50°C, yielding a gummy
residue, which was dissolved in 5% HCI (750 ml)
and kept overnight in a refrigerator. After
filtration, the extracted with
chloroform (5 % 1 L). The remaining acidic
solution was basified with 25% NH4OH (200 ml)
and extracted again with chloroform (5 x 1.5 L).
The combined chloroform extracts were dried over
anhydrous sodium sulfate, filtered, and evaporated
to yield 8.8 g of crude alkaloids.This crude
alkaloid mixture was dissolved in chloroform (50
ml) and extracted with phosphate buffer (pH 2, 5
x 100 ml). The chloroform layer was dried and
concentrated to give 4.4 g of purified alkaloid
mixture.The mixture was again dissolved in
chloroform (40 ml), mixed with petroleum ether
(60 ml, b.p. 40-60°C), and the precipitated
alkaloids were removed. The filtrate was
concentrated, yielding 0.9 g gummy residue,
which was dissolved in ethyl acetate (50 ml) and
extracted with phosphate buffer (pH 2, 250 ml).
The aqueous layer was separated and extracted
with chloroform (3 x 200 ml) to obtain vindoline-
and catharanthine-rich fraction (G, 0.305 g). The

solution was
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buffer was then made alkaline (pH 10) with 25%
NH4OH and extracted with chloroform (3 x 200

ml) to give vinblastine-rich fraction (H, 0.1225
g)2023],

Method V: Adsorption on charcoal column

One kilogram of powdered Catharanthus roseus
was percolated overnight with 95% methanol (3 x
3 L). The combined methanolic extracts were
filtered and concentrated under vacuum at 50°C to
about 500 ml, diluted with 500 ml water, and
acidified to pH 2 with 1 N sulfuric acid. The acidic
extract was refrigerated overnight, filtered to
remove resinous material, and passed through a
charcoal column (500 g, 4 < 100 cm) pre-activated
at 120°C for 2 hrs.Eluates were collected and
tested with Mayer’s reagent to ensure complete
alkaloid adsorption. The column was washed with
distilled water (2 L), then eluted sequentially with
30%, 50%, 70%, and 100% methanol (500 ml
each). Each fraction was concentrated under
vacuum at 50°C, adjusted to pH 6.4 with 25%
NH4OH, and extracted with methylene chloride (5
% 500 ml). The combined extracts were washed,

dried over anhydrous sodium sulfate, and

Time: 3001 Misstes Amp: 0543 mAU

evaporated to yield alkaloidal fractions.The
fraction eluted with 70% methanol gave 1.033 g of
and  vinblastine-rich  alkaloids
(Fraction I). All fractions were analyzed by TLC,
confirming the presence of pure alkaloidal
components!2%23],

vincristine-

4.1. RESULT AND DISCUSSION

Five methods were evaluated for isolating
antineoplastic alkaloids from Catharanthus roseus.
Method IV relied on solvent partitioning, while
Method V used adsorption chromatography.
Method IIT gave the highest total alkaloid yield,
whereas Method V produced the purest mixture,
with Fraction I containing both vinblastine and
vincristine. The maximum vinblastine yield was
from Method III, and vincristine yield was highest
in Method I.All fractions were analyzed by HPLC
and HPTLC. Vinblastine (Rf 0.54) was present in
Fractions B, D, F, and H, while vincristine (Rf
0.21) appeared in Fractions C and E. Fraction |
contained both alkaloids as major components.
HPLC analysis was performed using isocratic
elution with phosphate buffer (pH 6.5) and
acetonitrile (55:45)2023],
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Method Frations * % of alkaloidal | *HPLC % of Vb & Vc rich fractions
fractions Vb Ve
I Vindoline rich fraction (A) 0.748 - -
Vinblastine rich fraction (B) 0.00274 0.00399 0.00012
Vincristin rich fraction (C) 0.0075 0.00014 0.00772
11 vinblastine rich fraction (D) 0.002 0.00253 0.0007
Vincristin rich fraction (E) 0.0015 0.0009 0.00184
111 vinblastine rich fraction (F) 0.1153 0.1417 0.00017
v Vindoline and catharanthine 0.0087 - -
rich fraction(G)
Vinblastine rich fraction (H) 0.0035 0.0041 0.0004
v Vinblastine & Vincristin rich | 0.1033 0.0950 0.0110
fraction (I)

Quantitative determination of alkaloidal fractions
of C. roseus (VB & VC rich fractions)

HPLC and HPTLC analysis of alkaloid fractions
from the five extraction methods revealed that the
fraction eluted from the charcoal column with 70%
methanol (Fraction K) contained a relatively pure
mixture of vinblastine (Vb) and vincristine (Vc)
along with only six other alkaloids.This fraction
further purified by Vacuum Liquid
Chromatography (VLC) using a mixed-bed
column (5 g sample on silica gel and neutral
alumina, 250 g, 120 x 5 cm) and eluted with
chloroform containing increasing methanol
concentrations (increments of 2.5%), resulting in
ten fractions. The fraction eluted with
chloroform:methanol (85:15, v/v) contained the
target alkaloids additional
contaminants.The combined fractions (750 mg)
were then subjected to centrifugally accelerated

was

with only two

radial chromatography (chromatotron) using silica
gel (2 mm thickness, Merck type 7749) and eluted
with chloroform:methanol (95:5, v/v) at a flow rate
of 6 ml/min, yielding pure vinblastine and
vincristine. Their identity and purity were
confirmed by TLC, HPTLC, and HPLC against
authentic standards.

And by this overall result we can conclude that the
charcoal column method is simple, cost-effective,
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and highly reliable for isolating purified alkaloids,
especially vinblastine and vincristine, and is
suitable for large-scale production. Additionally,
HPTLC results correlated well with HPLC data,
confirming its effectiveness for  quality

analysis?%%3,

5.Mechanism of action

The cytotoxic action of vinca alkaloids is mainly
due to their interaction with tubulin, a protein that
forms microtubules, which are essential for
maintaining cell shape, intracellular transport, and
most importantly, for forming the mitotic spindle
during cell division "), Microtubules are dynamic
structures made up of a- and PB-tubulin
heterodimers, and their function depends on
constant polymerization and depolymerization,
regulated by GTP. These dynamics, known as
dynamic instability and treadmilling, allow
microtubules to grow and shrink rapidly,
particularly at their plus ends, which is critical for
proper chromosome alignment and separation
during mitosis. Vinca alkaloids bind to specific
sites on tubulin, with high affinity at the plus ends
and low affinity along the sides of microtubules
®l There are about 16-17 high-affinity binding
sites per microtubule, and binding occurs rapidly
and reversibly. When vinca alkaloids bind, they
inhibit tubulin polymerization and promote
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depolymerization, disrupting the dynamic
behavior of microtubules. Even at
concentrations, these drugs reduce the rates of
growth and shrinkage, creating a “kinetic cap” that
suppresses microtubule function!”). This disruption

low

prevents proper spindle formation and arrests the
cell in metaphase, ultimately triggering apoptosis
through both p53-dependent and independent
pathways. The extent of cytotoxicity depends on
the duration of exposure, as prolonged mitotic
arrest leads to cell death. Although vincristine,
vinblastine, and vinorelbine have similar tubulin-

binding affinities, their differences in potency may
relate to intracellular retention and the stability of
drug-tubulin complexes. Vincristine, for instance,
is particularly potent inhibiting axonal
microtubule formation, contributing to its

in

neurotoxicity. At much higher concentrations than
those achieved clinically, vinca alkaloids can also
inhibit amino acid metabolism, nucleic acid
synthesis, and calmodulin-dependent Ca** ATPase
activity, but these effects are secondary to their
primary role in microtubule disruption !,
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Figure 3: Mechanism of action of Vinca Alkaloid

6.Derivative of vinca alkaloid

The derivatives of vinca alkaloids are semi-
synthetic or naturally occurring compounds

obtained from the parent alkaloids (mainly
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vinblastine and vincristine) that have been
chemically modified to improve their efficacy,
safety, solubility, and therapeutic applications.
These derivatives are widely used in cancer
chemotherapy.
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Cantharanthus roseus
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6.1.Vincristine —

Vincristine (brand name Oncovin), also known as
leurocristine and often abbreviated as VCR, is a
vinca alkaloid derived from the plant Catharanthus
roseus (Madagascar periwinkle), formerly known
as Vinca rosea. The name “vinca alkaloid”
originates from this plant source!?.It’s molecular
formula: CasHssN4O1o having white crystalline
solid and melting point is 218 °C. It’s IUPAC

~
‘S al;
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=A% Y,
o Vinflunine
(Javlor®)
Vinorelbine

(Navelbine®)

name is Methyl (1R,9R,10S,11R,12R,19R)-11-
acetyloxy-12-ethyl-4-[(13S,15S,17S)-17-ethyl-
17-hydroxy-13-methoxycarbonyl-1,11
diazatetracyclo[13.3.1.04,'2.0°,'°] nonadeca-
4(12),5,7,9-tetraen-13-yl]-8-formyl-10-hydroxy-
5-methoxy-8,16
diazapentacyclo[10.6.1.0",°.0%7.0'¢,"] nonadeca-
2,4,6,13-tetraene-10-carboxylatel*l. It is a dimeric
alkaloid formed by coupling two indole alkaloids,
vindoline and catharanthine within the vinca plant.
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Medical Uses

Vincristine is an important mitotic inhibitor used
in chemotherapy. It is effective against: Leukemia
(especially leukemia)  Lymphomas
(including Hodgkin’s lymphoma) Neuroblastoma
Wilm’s tumor Multiple myeloma Breast, head, and

neck cancer!'%,

acute

Mechanism of Action

Vincristine works by targeting tubulin, a protein
required for the formation of microtubules. It binds
to the tubulin dimer, preventing microtubule
polymerization. This stops the formation of the
mitotic spindle, leading to cell cycle arrest at
metaphase.The drug acts by “end-capping” or
“poisoning” microtubule ends, preventing further
elongation. At therapeutic concentrations (10 nM
to 1 uM), vincristine blocks mitosis. At higher
concentrations (>10 pM), it can cause abnormal
tubulin  polymerization,  forming  tubulin
paracrystalst?l,

Side Effects

While vincristine is highly effective, it also has
notable side effects: peripheral neuropathy,

OH

Medical Applications
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weakness of motor neurons, neuromyopathy,

psychosis, depression, peripheral neuritis,
leukopenia (low white blood cell count),
constipation, nausea, vomiting, hair loss

(alopecia), hyponatremia (low sodium), breathing
problems in some patients!‘l.

6.2.Vinblastine —

Vinblastine (abbreviated VLB) is one of the major
naturally occurring active vinca alkaloids. It is
available clinically as vinblastine sulfate, which is
the salt form of the alkaloid extracted from
Catharanthus roseus (Madagascar periwinkle,
formerly Vinca rosea Linn.).Earlier, vinblastine
was referred to as vincaleukoblastine (VLB). It is
classified as a stathmokinetic oncolytic agent,
meaning it arrests cell division by halting mitosis
at the metaphase stage!?). It is a dimeric alkaloid
which is soluble in water and methanol. Its
structure is confirmed by X-ray crystallography.
About 50% of vinblastine is made up of the
alkaloid vindoline. Plants produce more
vinblastine compared to vincristine. In some cases,
vinblastine can even be converted to vincristine
chemically or by using microbes!?l.
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Vinblastine is widely used in the treatment of
various cancers, including: non-small cell lung
cancer, cancers of the head and neck, testicular
cancer, Hodgkin’s lymphoma, breast cancer!!?

Mechanism of Action

Vinblastine functions as an antimitotic agent by
targeting microtubules. It binds to tubulin, the
protein subunit of microtubules.This binding
prevents microtubule assembly and leads to their
disassembly during the M-phase of the cell
cycle.The process halts mitotic spindle formation,
arresting metaphase.This  triggers
apoptosis (programmed cell death) by disrupting

cells in
the normal dynamics of
microtubules.Microtubules are built from o-
tubulin and B-tubulin subunits._They constantly
undergo polymerization and depolymerization,
processes described as:_Treadmilling — addition at
one end and removal at the other!'%!.

Dynamic instability — rapid switching between
growth and shrinkage.

Vinblastine binds at the interface of tubulin
heterodimers and GTP-binding sites, disturbing
these dynamics and preventing normal cell
division.____Unlike = DNA-alkylating  agents,
vinblastine does not interfere with DNA directly.

Side Effects

Although effective, vinblastine has significant
toxic effects: bone marrow suppression, anemia,
thrombocytopenia,
gastrointestinal

nausea, vomiting,
toxicity.Extravasation  injury
(tissue damage if drug leaks outside the vein),
fever, chest pain, acute cardiac ischemia, laryngeal
paralysis, mutagenic and embryotoxic —
contraindicated during pregnancy. Should not be
prescribed in patients with viral infections, due to

increased risk of complications!'?!.

6.3.Vinorelbine —

Vinorelbine is the first 5'-NOR semi-synthetic
vinca alkaloid, obtained through semi-synthesis
from alkaloids extracted from the rosy periwinkle
(Catharanthus roseus) 2. It is produced by
combining the monomeric alkaloids vindoline and
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catharanthine and is considered the earliest and
most important 5'-NOR semi-synthetic derivative
of Catharanthus roseus. Compared to other vinca
alkaloids, vinorelbine has a broader spectrum of
antitumor activity and is widely used as an

430 |Page



Kashish Lohiya, Int. J. of Pharm. Sci., 2025, Vol 3, Issue 12, 420-435| Research

antimitotic agent in cancer therapy.One of the
notable advantages of vinorelbine is that it causes
less neurotoxicity than other vinca alkaloids,
making it a safer option for many patients. It shows
significant antitumor activity against MX-1 breast
cancer and LC-6 non-small cell lung cancer
(NSCLC). When combined with cisplatin
(CDDP), vinorelbine demonstrates an even greater
effect, making it an important component of
combination chemotherapy regimens!?),

Mechanism of action

Vinorelbine acts as an antimitotic agent by binding
to tubulin at the vinca-binding site, where it
interferes with the polymerization of microtubules
that are essential for spindle formation during cell
division. By disrupting microtubule dynamics, it
prevents the normal alignment and separation of

chromosomes, thereby arresting cells in metaphase
and ultimately inducing apoptosis. Compared to
other vinca alkaloids, vinorelbine shows a
selective effect on mitotic microtubules with
relatively less impact on neuronal microtubules,
which explains its lower neurotoxicity. This
targeted action makes it effective against rapidly
dividing cancer cells, particularly in breast cancer
and non-small cell lung cancer!!%.

Side Effects

Nausea and vomiting, diarrhea, anemia, bleeding,
inflammation of the vein (phlebitis) at the injection
site. Fatigue and weakness (common with
chemotherapy)!%,

6.4. Vinflunine —

Vinflunine is a synthetic member of the vinca
alkaloid family!?). It is derived from vinorelbine by
the addition of two fluorine molecules to the
catharanthine moiety using superacid chemistry.
Because of this modification, vinflunine is often
referred to as the fluorinated mitotic inhibitor
among vinca alkaloids. It has shown promise as a
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treatment for several cancers, including breast
cancer, transitional cell carcinoma, and non-small
cell lung cancer (NSCLC)!%,

Mechanism of action

Vinflunine acts as an antimitotic agent by binding
to the vinca-binding site on tubulin dimers, where
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it disrupts microtubule dynamics. Although its
binding affinity is weaker than other vinca
alkaloids, vinflunine uniquely alters the stability of
microtubules, impairing spindle formation and
blocking the transition from metaphase to
anaphase. This mitotic arrest triggers apoptosis in
tumor cells. In addition to its effects on cell
division, vinflunine also exerts anti-angiogenic
and sub-cytotoxic
concentrations, depriving tumors of their blood
supply. Its anticancer potential is further enhanced
when combined with drugs such as cisplatin,
doxorubicin, and 5-fluorouracil'!.

anti-vascular actions at

6.5.Vindesine —

Vindesine is a semi-synthetic vinca alkaloid
derived from vinblastine and is widely used in
chemotherapy as an antimitotic agent. It prevents
cells from entering metaphase during mitosis by
inhibiting the function of tubulin, thereby arresting
cell division. The compound has a molecular
weight of 753.9 g/mol and a molecular formula of
CasHssNsO7. Its  TUPAC  name is methyl
(13S,15S,17S)-13-[(1R,9R,10S,11R,12R,19R)-
10-carbamoyl-12-ethyl-10,11-dihydroxy-5-
methoxy-8-methyl-8,16-
diazapentacyclo[10.6.1.0',°.0%,7.0'¢,"Inonadeca-
2,4,6,13-tetraen-4-yl]-17-ethyl-17-hydroxy-1,11-
diazatetracyclo[13.3.1.0%,'2.0%,'"°]nonadeca-
4(12),5,7,9-tetraene-13-carboxylate!.
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Commercially, vindesine is marketed under the
names Eldisine and Fildesin. It is supplied as a
powder that, when dissolved in water, forms a
colorless solution for intravenous administration.
Clinically, vindesine is used in the treatment of
several cancers, including acute lymphocytic
leukemia, non-small cell lung cancer, juvenile
chronic lymphocytic
vincristine, cancer, melanoma,
lymphoma.In terms of potency, vindesine has
shown remarkable activity in laboratory studies. In
vitro experiments demonstrated that it is three
times more effective than vincristine and nearly

resistant to
and

leukemia
breast

ten times more effective than vinblastine when
used at concentrations that block 10—-15% of cells
from entering mitosis. At higher doses (blocking
40-50% of cells), vindesine and vincristine
display nearly equal effectiveness. Unlike
vinblastine, vindesine produces only a small
number of post-metaphase cells. Its clinical value
is further highlighted in patients who relapse after
vincristine-based chemotherapy, where vindesine
has shown promising results.Like other vinca
alkaloids, vindesine acts as an antimitotic
inhibitor, and its side effect profile is similar to
vinblastine, including bone marrow suppression,
gastrointestinal toxicity, and neuropathy. Despite
these toxicities, vindesine remains an important
therapeutic option due to its activity against
tumors resistant to other vinca alkaloids!'?,

432 |Page



Kashish Lohiya, Int. J. of Pharm. Sci., 2025, Vol 3, Issue 12, 420-435| Research

6.CONCLUSION

Vinca alkaloids remain one of the most significant
classes of anticancer agents, holding their place as
the second most widely used group of cancer
drugs. Their unique mechanism of action, which
disrupts microtubule dynamics and halts cell
division, sets them apart from DNA-alkylating
agents and minimizes cross-resistance. While they
have been explored in conditions such as diabetes,
hypertension, and even as disinfectants, their
greatest therapeutic lies n
oncology.Currently,  vinblastine,
vinorelbine, and vindesine are the primary vinca

value
vincristine,

alkaloids in clinical practice, with vinflunine
emerging as a promising synthetic derivative
approved in Europe for transitional cell carcinoma
and under investigation for other
malignancies.Given the rising burden of cancer
worldwide, vinca alkaloids continue to serve as
cornerstone therapies in combination regimens.
Their established role, coupled with ongoing
research into new derivatives and applications,
ensures that they will remain integral to cancer
treatment strategies while offering scope for future
innovation.

<\

%

'#p\';\/’ INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

~E

¢

\

REFERENCES

1.

Kolawole Olofinsan , Heidi Abrahamse
andBlassanP.George Therapeutic Role of
Alkaloids and Alkaloid Derivatives in Cancer
Management, Molecules,
doi.org/10.3390/molecules28145578.
Mohammad Abu Taher, Mohammad Abu Bin
Nyeem, Md. Masum Billah and Md. Monir
Ahammed, Vinca alkaloid- the second most
used alkaloid for cancer treatment- A review,
International Journal of Physiology, Nutrition
and Physical Education 2017; 2(2): 723-727.

. Maryam Moudil, Rusea Gol,2, Christina

Yong Seok Yienl, Mohd. Nazre3, Vinca
Alkaloid, International Journal of Preventive
Medicine, Vol 4, No 11, November, 2013.

Praveen Dhyani, Cristina Quispe, Eshita
Sharma, Amit Bahukhandi, Priyanka Sati,
Dharam Chand Attri, Agnieszka Szopa, Javad
Sharifi-Rad, Anca Oana Docea, Ileana
Mardare, Daniela Calina and William C. Cho,

Anticancer potential of alkaloids: a key
emphasis to colchicine, vinblastine,
vincristine,  vindesine, vinorelbine and
vincamine, Dhyani et al. Cancer Cell
433 |Page



10.

11.

Kashish Lohiya, Int. J. of Pharm. Sci., 2025, Vol 3, Issue 12, 420-435| Research

International (2022) 22:206
doi.org/10.1186/s12935-022-02624-9.

Aditya Banyall - Shubham Tiwari2 - Aparajita
Sharmal - Ishita Chananal - Sanjay Kumar
Singh Patel3 - Saurabh Kulshresthal - Pradeep
Kumarl, Vinca alkaloids as a potential cancer
therapeutics: recent update and future
challenges, 3 Biotech (2023) 13:211
doi.org/10.1007/s13205-023-03636-6.
Chun-Ting Leel, Yen-Wei Huangl, Chih-Hui
Yang And Keng-Shiang Huang, Drug Delivery
Systems and Combination Therapy by Using
Vinca Alkaloids, Current Topics in Medicinal
Chemistry, 2015, 15, 1491-1500.

Harshada Tembhel, Rupali Tasgaonkar2,
Vinca Alkaloids — Anti cancer drugs,
International Journal for Research in Applied
Science &  Engineering  Technology
(IJRASET) ISSN: 2321-9653; IC Value:
45.98; SJ Impact Factor: 7.538 Volume 11
Issue I Jan 2023- Available at www.ijraset.
Ying Zhangl,2, Shao-Hui Yang3, Xiu-Li
Guo*1, New insights into Vinca alkaloids
resistance mechanism and circumvention in
lung cancer, 2018 published by Elsevier.

[9] Nicole Coufal and Lauge Farnaes, The
Vinca Alkaloids, B.R. Minev (ed.), Cancer
Management in  Man: Chemotherapy,
Biological Therapy, 25 Hyperthermia and
Supporting Measures, Cancer Growth and
Progression 13,DOI  10.1007/978-90-481-
9704-0 2.

Aloke Saha, Susmita Moitra and Tanmay
Sanyal, Anticancer And Antidiabetic Potential
International Academic Publishing House,

20220f  Phytochemicals Derived from
Catharanthus roseus: A Key Emphasis to
Vinca Alkaloids, DOI:

doi.org/10.52756/bhietm.2022.e01.001.

Priyanka B. Jarhad*, Manisha S. Bhujal,
Nikita S. Chaudhari, A Review: Anticancer
Activity of Vinca, International Journal of

'\';‘/’ INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

12.

13.

14.

15.

16.

17.

18.

19.

Novel Research and Development 2023
[JNRD | Volume 8.

Romano  Silvestri, New Prospects for
Vinblastine Analogues as Anticancer Agents,

Journal of Medicinal Chemistry,
dx.doi.org/10.1021/jm400002;.
Akash Kannepogu, Current Status and

Development of Vinca Alkaloids in Cancer
Treatment, Journal of Pharma Insights and
Research, 2025, 03(03), 149-157 DOI:
10.69613/p1kb6g93.

Eric Caudron, ab Cecile Boughanem, " a
Marion Berge, ab Jehanne Saidi,a Antoine
Dowek *ab and Laetitia Minh Mai Le"ab,
Rapid quantification and classification of five
vinca alkaloids used in cancer therapy by flow
injection analysis with UV detection and
chemometricst, The Royal Society of
Chemistry 2025, DOI: 10.1039/d5ay00325c.
Vishesh Verma 1, *, Shivam Sharma 1, Kritika
Gaur 1 and Nitin Kumar 2, Role of vinca
alkaloids and their derivatives in cancer
therapy, World Journal of Advanced Research
and Reviews, 2022, 16(03), 794-800,
doi.org/10.30574/wjarr.2022.16.3.1378.
Anubhav Dubey, Deepanshi Tiwari, Kshama
Srivastava, Om Prakash and Rohit Kushwaha,
A discussion on vinca plant, Journal of
Pharmacognosy and Phytochemistry 2020;
9(5): 27-31.

Rajesh Arora, Poonam Malhotra, Ajay K

Mathur, Archna Mathur, Cm Govil, PS
AHUIJA, Anticancer Alkaloids of
Catharanthus roseus: Transition

fromTraditional to Modern Medicine,
10.5005/jp/books/11166_21.

Jai Narayan Mishra, Navneet Kumar Verma, A
brief study on Catharanthus Roseus: A review,
International Journal of Research in Pharmacy
and Pharmaceutical Sciences.

Harshal Ashok Pawarl,*, Anjali Harshal
Pawar2, Sandip Ashok Pawar3, Prashant

434 |Page



20.

21

22.

23.

Kashish Lohiya, Int. J. of Pharm. Sci., 2025, Vol 3, Issue 12, 420-435| Research

Ashok Pawar4, EXTRACTION, ISOLATION
AND ANALYSIS OF VINCA ALKALOIDS:
AN OVERVIEW, International Journal of
Medical, Pharmaceutical and Biological
Sciences...January — March 2022.

Khaled A.Shams*1, Naglaa M. Nazif, Nahla S.
Abdel Azim, Khaled A. Abdel Shafeck,
Mostafa M. El-Missiry, Shams 1. Ismail,
Medhat M. Seif El Nasr, ISOLATION AND
CHARACTERIZATION OF
ANTINEOPLASTIC ALKALOIDS FROM
CATHARANTHUS ROSEUS L. DON.
CULTIVATED IN EGYPT, Afr. J. Trad.
CAM (2009) 6 (2): 118 — 122.

. Hadagali Ashoka*, Prashanth Hegde, Manasa

K. H., Chandraprasad Madihalli, Pradeep S.
and Ashok Kumar Shettihalli, ISOLATION
AND DETECTION OF VINCA
ALKALOIDS FROM  ENDOPHYTES
ISOLATED FROM CATHARANTHUS
ROSEUS, European Journal of Biomedical
and Pharmaceutical Sciences 2017, Volume 4,
Issue 10 675-683.

Sarvananda Letchuman a, H.D.T. Madhuranga
b, B.L.N.K. Madhurangi ¢, Amal D.
Premarathna d,*,Muthupandian Saravanan e,
Alkaloids unveiled: A comprehensive analysis
of novel therapeutic Properties, mechanisms,
and plant-based innovations, Intelligent
Pharmacy 3 (2025) 268-276,
doi.org/10.1016/j.ipha.2024.09.007.
Ashishdeep Kaur, Isolation of Vinca Alkaloids
from C.Roseus and Mechanism of Alkaloids in
Cancer, Journal of Advances in Science and
Technology Vol. 20, Issue No. 2, September-
2023, ISSN 2230-9659.

HOW TO CITE: Kashish Lohiya*, Therapeutic Potential
of Vinca Alkaloid in Cancer Treatment, Int. J. of Pharm.
Sci., 2025, Vol 3, Issue 12,  420-435
https://doi.org/10.5281/zenodo.17798044

'\';‘/’ INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

435 |Page



