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Abstract

Vinca rosea (Catharanthus roseus), a medicinal plant of significant pharmacological importance, has garnered attention
for its potent anticancer properties. This study presents a comprehensive pharmacognostical and phytochemical
evaluation of V. rosea leaves, emphasizing their role in cancer therapy. Pharmacognostical parameters including
macroscopic, microscopic, and physicochemical characteristics were documented to ensure standardization and quality
control. Phytochemical screening revealed the presence of major secondary metabolites such as alkaloids, flavonoids,
tannins, and terpenoids. Notably, vinca alkaloids such as vincristine and vinblastine, known for disrupting microtubule
dynamics and arresting mitosis, were identified. These compounds are clinically used in the treatment of Hodgkin's
disease, leukemia, and other malignancies. The findings affirm the therapeutic potential of V. rosea leaves and support
their further exploration as a reliable source of plant-derived chemotherapeutics. This study highlights the relevance of
integrating pharmacognostic tools in identifying and validating phytoconstituents with anticancer efficacy.
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1. Introduction

1.1. Importance of Medicinal Plants in Cancer Therapy

Cancer is a leading global health concern, ranking as the second most common cause of death after cardiovascular
diseases [1]. It originates from the abnormal transformation of normal cells due to genetic mutations in DNA. These
mutated cells multiply uncontrollably, bypassing regulatory growth signals, invading surrounding tissues, and
ultimately forming tumors [2].

Both developed and developing nations face a significant cancer burden. Globally, approximately 182 out of every
100,000 people are diagnosed with cancer annually, and 102 die from the disease [3]. According to the World Health
Organization, around 14 million people are diagnosed with cancer each year, and 8 million die from it. In Iran, the
prevalence is estimated at 134 cases per 100,000 individuals, with about 85,000 new cases and 55,000 cancer-related
deaths reported annually [4]. Alarmingly, cancer-related mortality is projected to rise, with over 13.1 million deaths
expected worldwide by 2030 [5].

Current cancer treatments, such as chemotherapy, pose challenges due to their lack of selectivity they often damage
healthy cells along with cancerous ones [6]. One of the key issues in cancer therapy is eliminating tumor cells without
harming normal tissues. This has led to increasing interest in discovering anticancer agents from natural sources like
plants, which can offer more targeted and less toxic treatment options [7].
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Natural products are especially appealing because of their diverse bioactive compounds and relatively fewer side
effects. Medicinal plants, in particular, are valuable in cancer research due to their rich chemical profiles and potential
to yield new therapeutic agents [8]. These plants produce secondary metabolites—such as alkaloids, flavonoids,
terpenoids, tannins, and pigments which, although not essential for plant growth, exhibit various biological activities.
These include anti-inflammatory, anticancer, contraceptive, and effects on blood cells, lipid metabolism, and
cardiovascular function [9].

Advancements in cancer treatment have increasingly involved natural secondary metabolites. These compounds may
exert anticancer effects by inhibiting cancer-promoting enzymes, repairing DNA damage, stimulating antitumor enzyme
production, boosting immune responses, or acting as antioxidants [10].

Given the severity and complexity of cancer, especially at metastatic stages where resistance to treatment is common,
the need for effective therapies is urgent [11]. While conventional methods like surgery and chemotherapy remain
essential, they are often associated with significant drawbacks, such as the destruction of healthy cells. Currently, over
60% of effective anticancer drugs are derived from natural sources, including plants, marine organisms, and microbes
[12, 13, 14].

Numerous studies have demonstrated the efficacy of plant-based compounds in treating not only cancer but also
conditions like diabetes, infertility, thyroid disorders, anemia, and psychological illnesses. As a result, identifying plant-
based alternatives that can replace or enhance conventional cancer therapies remains a vital area of research [15, 16,
17].

1.2. Plants used for cancer Therapy

Many medicinal plants are known for their anticancer properties, including their active constituents and mechanisms
of action. Figure 1 & Table 1 provides list of medicinal plants used in cancer therapy and their active constituents.

Medicinal
Plants for
Cancer

Figure 1 list of medicinal plants used in cancer therapy
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Table 1 list of medicinal plants used in cancer therapy and their active constituents

Plant Name Active Constituents Mechanism of Action References
Catharanthus Vincristine, Vinblastine | Inhibition of microtubule dynamics leading to cell | [18]
roseus cycle arrest and apoptosis
Curcuma longa Curcumin Downregulation of NF-xB, AP-1, COX-2, and EGR-1; | [19]
inhibition of tumor cell invasion
Withania Withaferin A Induction of apoptosis; inhibition of metastasis; | [20]
somnifera radiosensitization
Taraxacum Not specified Induction of apoptosis via ER stress pathway; | [21]
mongolicum modulation of p53 expression
Zingiber officinale | 6-Shogaol, 10-Gingerol | Inhibition of cancer cell proliferation and metastasis; | [22]
induction of apoptosis
Moringa oleifera Moringin, Moringa | Induction of apoptosis; enhancement of p53 | [23]
oleifera extract expression; cell cycle arrest
Psidium guajava Flavonoids, Tannins Inhibition of AKT/mTOR signaling pathway; | [24]
induction of apoptosis
Mangifera indica Mangiferin, Modulation of PI3K/AKT, AMPK, and NF-xB | [25]
Polyphenols pathways; inhibition of cancer cell survival
Lagerstroemia Corosolic acid Induction of apoptosis; cell cycle arrest in liver cancer | [26]
speciosa cells

1.3. Traditional and Medicinal Uses of Vinca rosea

There are numerous naturally occurring plants around us that possess medicinal value. Among them, Catharanthus
roseus commonly known as vinca rosea Figure 2 is widely distributed in tropical regions. Catharanthus roseus L. is a
perennial herb, native to Madagascar, and commonly found in Southern Asia and other tropical areas [26,27]. It is
known by various names, including Madagascar periwinkle, bright eyes, Cape periwinkle, graveyard plant, old maid,
pink periwinkle, and rose periwinkle myrtle. In Malaysia, it is locally referred to as "Kemunting Cina." Besides its
ornamental use thanks to its attractive pink, purple, and white flowers this plant holds considerable medicinal value.

Among the earliest plant-derived compounds used in cancer therapy are the vinca alkaloids [28]. The milky sap from
the stems of Catharanthus roseus contains over 70 different indole alkaloids. Of these, two major anti-neoplastic
compounds vinblastine and vincristine are widely known [29]. Vincristine is primarily used in the chemotherapy
regimen for Hodgkin’s lymphoma, while vinblastine is employed in the treatment of childhood leukemia. These alkaloids
disrupt cell division by halting the mitotic process at the metaphase stage. However, they are associated with side effects
including peripheral neuropathy, hair loss, hyponatremia, and constipation [30].

In addition to cancer treatment, Catharanthus roseus is traditionally used for managing conditions such as
hypertension, diabetes, blood cancers, malaria, non-small-cell lung cancer, and memory enhancement. The plant also
exhibits antimicrobial, antioxidant, anti-diarrheal, hypolipidemic, and wound-healing properties.

Historically, the genus Catharanthus was established by Carl Linnaeus, derived from the Greek words katharos (pure)
and anthos (flower). The Scottish botanist George Don identified the species as Catharanthus roseus, which sparked
debate over its botanical classification. Initially, in 1759, Linnaeus had named it Vinca rosea [31]. In 1828, German
botanist Heinrich Gottlieb Ludwig Reichenbach proposed the genus Lochnera, and it was later renamed Lochnera rosea
by Austrian botanist Stephan Ladislaus Endlicher in 1838. However, British botanist William Stearn later confirmed
Catharanthus roseus as the correct and accepted name. He also pointed out that Lochnera was invalid because it was
too similar to Lochneria, a name already published in 1777 by the naturalist Giovanni Antonio Scopoli [32].
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Figure 2 Vinca rosea flower

2. Pharmacological Activities of Vinca rosea

2.1. Anti-Neoplastic Activity

The leaves and stems of Vinca rosea are rich in alkaloids with potent anti-cancer and anti-tumor properties. Compounds
like vinblastine and vincristine disrupt tumor growth by targeting cell division. Vinblastine is effective against
conditions like Hodgkin's disease and choriocarcinoma, while vincristine is used to treat pediatric leukemia. Marketed
under names like Velban and Oncovin, these alkaloids hinder mitosis by interfering with microtubule formation during
metaphase. Semi-synthetic derivatives, including vinorelbine and vinflunine, enhance therapeutic outcomes by
targeting tubulin in cancer cells [33].

2.2. Anti-Diabetic Activity

Ethanolic extracts from the flowers and leaves of Vinca rosea exhibit blood sugar-lowering effects comparable to
glibenclamide. These effects are attributed to enhanced hepatic glucose utilization. A 1:1 dichloromethane:methanol
extract administered orally (500 mg/kg) in streptozotocin-induced diabetic rats over 7-15 days demonstrated a
hypoglycemic effect of 48.6-57.6%. Extended treatment up to 30 days offered complete protection from STZ-induced
diabetes. Enzymes like glycogen synthase and dehydrogenases showed improvement, indicating better glucose
metabolism and reduced lipid peroxidation [34].

2.3. Anti-Microbial Activity

Vinca rosea contains natural chemotherapeutic agents that offer broad-spectrum antimicrobial activity. These plant
compounds are valuable in developing new antibiotics, especially against resistant bacterial strains [35].

2.4. Anti-Oxidant Properties

Roots of pink and white varieties contain ethanolic extracts with antioxidant potential, as evidenced by assays such as
hydroxyl, superoxide, DPPH, and nitric oxide radical scavenging activities [36].

2.5. Anti-Helminthic Activity

The plant displays significant anti-parasitic activity against helminths affecting humans and animals. Ethanol extracts
at 250 mg/mL demonstrated efficacy in models using Pheretima posthuma, with piperazine citrate serving as the
reference standard [37].

2.6. Wound Healing Potential

Daily oral administration of 100 mg/kg ethanolic extract promoted wound contraction and reduced epithelialization
time in rats. This was marked by increased tensile strength, dry weight, and hydroxyproline content, indicating
accelerated healing [38].
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2.7. Hypolipidemic Activity

Leaf juice of Vinca rosea helped reduce serum cholesterol, triglycerides, LDL, and VLDL levels, contributing to anti-
atherosclerotic effects. These benefits are likely due to flavonoids and vinpocetine-like compounds with strong
antioxidant effects [39].

2.8. Anti-Diarrheal Activity

In Wistar rats, ethanolic extracts of Vinca leaves administered at 200 and 500 mg/kg showed dose-dependent inhibition
of castor oil-induced diarrhea and slowed gastrointestinal transit (charcoal meal test), supporting its traditional use for
managing diarrhea [40].

2.9. Anti-Ulcer Activity

Alkaloids like vincamine and vindoline possess anti-ulcer effects. While vincamine also offers neuroprotective and
cerebrovasodilatory properties, high doses may cause gastric lesions in animal studies, indicating the need for dose
optimization in therapeutic use [41].

3. Mechanism of Action

The cytotoxic activity of vinca alkaloids primarily arises from their ability to bind to tubulin and disrupt the normal
function of microtubules, particularly those forming the mitotic spindle, resulting in cell cycle arrest at the metaphase
stage [42]. Apart from their interference with microtubules, these compounds also exhibit various other biochemical
effects, though many of these occur only at concentrations that are not clinically relevant. Nevertheless, vinca alkaloids,
like other antimicrotubule agents, impact both cancerous and normal cells during non-mitotic phases due to the
involvement of microtubules in a range of cellular processes [43].

Vinca alkaloids bind to tubulin at sites distinct from those targeted by taxanes, colchicine, podophyllotoxin, and
guanosine-5'-triphosphate (GTP) [44]. This binding is characterized by rapid kinetics and reversibility. Evidence
supports the presence of two specific vinca-binding sites per tubulin dimer [45]. Approximately 16-17 high-affinity
binding sites are believed to be present at the ends of each microtubule. Binding at these regions interferes with
microtubule assembly. Interestingly, at lower drug concentrations, vinca alkaloids do not significantly reduce
microtubule mass but instead suppress the dynamics of microtubule growth and shrinkage by forming a “kinetic cap”
at the growing end, leading to functional suppression [46].

At such low doses, vinca alkaloids primarily inhibit microtubule dynamics at the ends of mitotic spindles, causing
metaphase arrest before any noticeable loss in microtubule polymer mass occurs [47]. Additionally, vinca alkaloids
demonstrate anti-angiogenic properties by suppressing endothelial cell proliferation, migration, and adhesion to
extracellular matrix components like fibronectin at picomolar concentrations (0.1-1.0 pmol/L) [48]. Notably, these
effects are selective, sparing fibroblasts and certain lymphoid tumor cells.

When combined with antibodies targeting vascular endothelial growth factor (VEGF), low-dose vinblastine (VBL)
significantly enhances anti-tumor efficacy—even in tumors unresponsive to direct cytotoxic action of the drug [49].
Ultimately, vinca alkaloids induce mitotic arrest and apoptosis by binding to tubulin, inhibiting its polymerization, and
destabilizing microtubules—mechanisms central to the actions of vincristine (VCR) and related compounds [50].

3.1. Toxicity

Despite their structural similarities, vinca alkaloids exhibit markedly different toxicity profiles. One common adverse
effect across this class is peripheral neurotoxicity, with vincristine (VCR) presenting the highest neurotoxic potential
[51]. This neurotoxicity typically manifests as a symmetric sensory-motor and autonomic polyneuropathy, mainly due
to axonal damage and impaired axonal transport likely triggered by disruption of microtubule function [52]. Although
central nervous system effects are rare due to limited brain penetration, instances of confusion, mood changes,
hallucinations, agitation, insomnia, seizures, coma, and inappropriate antidiuretic hormone secretion have been noted.
Rarely, cases of laryngeal paralysis have been reported. The most effective intervention remains the reduction or
discontinuation of the drug, as no antidotes (including thiamine, folinic acid, pyridoxine, or vitamin B12) have shown
definitive efficacy [53].

All vinca alkaloids share similar neurotoxic symptoms, but VCR exhibits the most severe cases, whereas vinblastine
(VBL) and vinorelbine (VRL) show milder toxicity. In contrast, the major dose-limiting side effect of VBL, vinorelbine,

and vindesine (VDS) is neutropenia, while thrombocytopenia and anemia are less frequently encountered. VCR is
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seldom associated with hematologic toxicity; however, severe myelosuppression has been observed in cases of
excessive drug exposure or liver impairment [54].

Gastrointestinal issues are also a concern, often resulting from autonomic nervous system dysfunction. Common
symptoms include abdominal discomfort, bloating, constipation, and paralytic ileus—particularly in VCR-treated
patients or when high doses of other vinca alkaloids are used [55]. VBL is more likely than VRL to cause mucositis,
although VCR is also implicated. Other GI symptoms include nausea, vomiting, and diarrhea. Vinca alkaloids are
vesicants and may cause substantial tissue injury upon extravasation [56]. Additional complications such as acute
cardiac ischemia, chest pain, fever of unknown origin, pulmonary reactions, hepatic toxicity, Raynaud’s phenomenon,
and hand-foot syndrome have also been documented [57].

These medications should be avoided during pregnancy or breastfeeding due to potential teratogenic effects. Patients
undergoing treatment are advised against receiving live vaccines. VCR, in particular, can suppress immune function,
increasing vulnerability to infections [58]. It is crucial that healthcare providers are informed of concurrent medications
and any underlying conditions such as viral infections (chickenpox, herpes zoster), kidney or liver diseases, muscle
disorders, or gout [59]. Ultimately, toxicity is determined by both drug concentration and treatment duration, with
evidence suggesting that surpassing a critical concentration threshold plays a pivotal role in adverse effects [60].

4., Conclusion

Vinca alkaloids are integral to many combination chemotherapy protocols due to their unique mechanism of action,
which differs from DNA-alkylating agents and does not exhibit cross-resistance. Besides their prominent role in cancer
therapy, they also display potential in treating conditions like diabetes, hypertension, and microbial infections. Their
primary antitumor mechanism involves the inhibition of cell division, leading to apoptosis.

The four major vinca alkaloids used clinically are vinblastine (VBL), vinorelbine (VRL), vincristine (VCR), and vindesine
(VDS). Among them, VCR, VBL, and VRL are FDA-approved in the United States. Vinflunine, a newer synthetic derivative,
is approved in Europe for second-line treatment of transitional cell carcinoma of the urothelium (TCCU) and is under
investigation for other cancer types [62]. As a class, vinca alkaloids remain among the most extensively used anticancer
agents globally. Ongoing research continues to explore new therapeutic applications and improved formulations of
these compounds.
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