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Abstract 

Catharanthus roseus (family: Apocynaceae) is a widely distributed medicinal plant that holds a prominent 

place in various traditional healthcare systems across the globe. Over the past few decades, scientific 

inquiry has increasingly substantiated many of its historical uses, unveiling a spectrum of pharmacological 

activities that align with its ethnomedicinal legacy. Notably, contemporary research has confirmed its 

therapeutic potential in managing cancer, diabetes, neurodegenerative disorders, and microbial infections. 

This review offers a comprehensive examination of the plant’s bioactive profile, focusing on its major 

phytochemical constituents and their associated pharmacodynamics. Special emphasis is placed on indole 

alkaloids such as vinblastine and vincristine, which have revolutionized cancer chemotherapy, as well as 

compounds like vinpocetine, a semisynthetic derivative with promising neuroprotective properties. 

Drawing upon 30 high-impact, peer-reviewed sources, this article bridges the gap between traditional 

botanical wisdom and modern biomedical science. By integrating pharmacognostic data with current 

clinical insights, this work aims to highlight the multifaceted therapeutic potential of C. roseus while 

identifying emerging opportunities for drug development and translational research. 

 

Keywords: Catharanthus roseus, vincristine, alkaloids, antidiabetic, anticancer, neuroprotective, 
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1. Introduction 

The intricate relationship between nature and medicine remains a powerful engine for pharmaceutical 

innovation, with medicinal plants continuing to inspire the development of life-saving therapeutics. 

Among these botanical treasures, Catharanthus roseus—commonly known as Madagascar periwinkle or 

"Sadabahar" in South Asia—has emerged as a paradigmatic species in modern drug discovery. Native to 

Madagascar and now cultivated globally, this evergreen shrub has garnered widespread scientific and 

clinical attention for its unparalleled contribution to cancer chemotherapy through the development of two 

dimeric indole alkaloids: vincristine and vinblastine. These agents have become foundational in treating 

hematological malignancies and solid tumors, including Hodgkin's lymphoma, acute lymphoblastic 

leukemia, breast cancer, and testicular cancer (Cragg & Newman, 2005). 
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Beyond its celebrated role in oncology, C. roseus possesses a rich legacy in traditional medicine systems 

such as Ayurveda, Siddha, and Unani. For centuries, various parts of the plant—including its leaves, roots, 

and latex—have been utilized to manage a broad spectrum of ailments. These include chronic metabolic 

disorders such as diabetes mellitus and hypertension, as well as infectious conditions like wound infections 

and skin ulcers (Don, 1999). The convergence of such traditional ethnobotanical applications with recent 

advances in phytochemistry and pharmacology has reinvigorated interest in this plant as a reservoir of 

bioactive compounds. 

This review synthesizes and critically evaluates contemporary scientific investigations into the 

pharmacological potential of C. roseus, with a particular emphasis on high-impact studies that explore its 

diverse therapeutic applications. By integrating insights from molecular biology, pharmacognosy, and 

clinical pharmacology, this work aims to illuminate the multifaceted role of C. roseus not only as a source 

of anticancer alkaloids but also as a model organism for understanding plant-based drug development. 

Through this lens, the plant serves as a vital interface between traditional medicinal wisdom and evidence-

based biomedical science, embodying the future of integrative therapeutic strategies. 

 

2. Botanical and Ethnopharmacological Overview 

Catharanthus roseus, commonly known as Madagascar periwinkle, is a perennial evergreen shrub 

originally endemic to the island of Madagascar but now cultivated extensively throughout tropical and 

subtropical regions worldwide, including Southeast Asia, the Caribbean, South America, and Sub-Saharan 

Africa. Its adaptive morphology—glossy lanceolate leaves, latex-filled tissues, and vibrant pink to white 

flowers—has made it both an ornamental plant and a botanical resource of profound medicinal importance. 

Across cultures and continents, C. roseus has been woven into the fabric of traditional healing practices, 

reflecting its rich phytochemical profile and therapeutic versatility. In South Asia, particularly in India 

and Pakistan, aqueous and ethanolic leaf extracts have been used in folk remedies for managing diabetes 

mellitus, often administered as decoctions or infusions to lower blood sugar levels (Muthu et al., 2006). 

This traditional practice, rooted in Ayurveda and Unani medicine, predates modern pharmacological 

discoveries that later confirmed the plant’s antidiabetic properties. 

In various regions of Africa, particularly in West and East African ethnomedicine, poultices prepared from 

crushed leaves or stems are topically applied to treat wounds, abscesses, and skin ulcers. The plant is 

believed to accelerate tissue regeneration and reduce microbial load, consistent with its documented 

antibacterial and antioxidant properties (Nayak & Pereira, 2006). In fact, among tribal and rural healers, 

C. roseus is often described as a "wound purifier," a term reflecting its use in both antiseptic and pro-

healing contexts. 

Historically, the plant has served a wide array of other traditional purposes. Extracts and teas made from 

its leaves or flowers have been employed to regulate menstrual cycles, soothe insect bites, and alleviate 

symptoms associated with malignancies and chronic inflammation (Kirtikar & Basu, 1999). Some 

Caribbean and Central American cultures regarded the plant as sacred and utilized its parts in spiritual 

healing and detoxification rituals. 

This rich tapestry of ethnomedicinal usage not only underscores the cultural value of C. roseus but also 

presaged its later emergence as a source of pharmacologically important alkaloids such as vincristine and 

vinblastine. The cross-cultural consensus on its healing properties has driven modern scientific inquiry 

into its bioactive compounds, further bridging the gap between traditional knowledge and evidence-based 
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medicine. As such, C. roseus serves as a living example of how indigenous wisdom can guide and 

complement biomedical innovation. 

 

3. Phytochemistry of C. roseus 

The plant’s therapeutic value is attributed to a diverse set of phytochemicals: 

3.1. Alkaloids 

To date, more than 130 indole alkaloids have been isolated from Catharanthus roseus, underscoring its 

status as a phytochemical goldmine with immense pharmacological relevance (Heijden et al., 2004). 

Among these, the dimeric alkaloids vinblastine and vincristine, along with their monomeric precursors 

catharanthine and vindoline, represent the most therapeutically celebrated metabolites. Structurally, these 

alkaloids are derived from the coupling of indole (tryptamine-derived) and terpenoid moieties, forming 

highly functionalized frameworks that exhibit a broad spectrum of bioactivities. 

Vinblastine and vincristine exert their anticancer effects primarily through disruption of the microtubule 

network. By binding to the β-subunit of tubulin, they inhibit tubulin polymerization, preventing the 

assembly of the mitotic spindle apparatus essential for chromosome segregation during metaphase. This 

interference leads to metaphase arrest, followed by mitotic catastrophe and apoptotic cell death in rapidly 

proliferating cancer cells. Notably, these alkaloids display high specificity for dividing cells, thereby 

sparing most non-proliferative tissues and reducing off-target cytotoxicity. 

Beyond mitotic inhibition, emerging evidence suggests that these compounds influence other cellular 

processes such as angiogenesis, mitochondrial integrity, and the expression of apoptotic regulators like 

Bcl-2 and caspases. Furthermore, the biosynthetic complexity of vinblastine and vincristine—requiring 

multiple enzymatic steps and spatially compartmentalized synthesis within plant tissues—makes their 

natural production a subject of intense biotechnological interest. 

The remarkable diversity and bioactivity of C. roseus alkaloids continue to inspire novel drug discovery 

efforts, including the design of synthetic analogs and metabolic engineering of plant or microbial systems 

for enhanced production. As a result, these compounds remain at the forefront of oncological therapeutics, 

embodying the intricate connection between plant secondary metabolism and human health. 

3.2. Flavonoids and Phenolic Compounds 

The phytochemical matrix of Catharanthus roseus is enriched with an array of flavonoids, among which 

quercetin and kaempferol derivatives stand out as key bioactive constituents underpinning its antioxidant 

and anti-inflammatory efficacy. These flavonols, characterized by their polyhydroxylated benzopyran 

backbone, function as potent electron donors capable of neutralizing a spectrum of reactive oxygen and 

nitrogen species (ROS and RNS). By stabilizing free radicals and chelating redox-active metal ions, they 

mitigate oxidative damage to cellular macromolecules, thereby preserving structural and functional 

integrity under stress conditions (Pereira et al., 2013). 

In addition to flavonoids, C. roseus synthesizes phenolic acids—most notably gallic acid and vanillic 

acid—both of which belong to the benzoic acid class of secondary metabolites. These compounds enhance 

the plant’s total antioxidant capacity through synergistic redox cycling and hydrogen atom donation 

mechanisms. Gallic acid, a trihydroxybenzoic acid, exhibits a high degree of radical scavenging due to its 

ortho-dihydroxy configuration, while vanillic acid contributes via lipid peroxidation inhibition and 

modulation of oxidative enzyme activity (Proestos et al., 2005). 

The co-occurrence of flavonoids and benzoic acids in C. roseus not only amplifies its oxidative stress 

defense system but also confers pharmacological versatility, particularly in pathways linked to 
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inflammation. These phytochemicals have been shown to downregulate NF-κB activation, reduce pro-

inflammatory cytokine release, and modulate key enzymatic mediators such as COX-2 and iNOS, 

suggesting a mechanistic overlap between antioxidant and anti-inflammatory networks. This biochemical 

interplay positions C. roseus as a promising botanical model for integrative antioxidant therapies and 

supports its valorization in both phytomedicine and functional food design. 

3.3. Anthocyanins and Organic Acids 

Anthocyanins, the water-soluble flavonoid pigments responsible for the vivid red, purple, and blue hues 

of Catharanthus roseus flowers, exhibit remarkable structural diversity across cultivars—a phenomenon 

driven by subtle genetic variations and environmental modulation. This diversity not only defines the 

aesthetic appeal of the plant but also modulates its biochemical functionality. Variations in hydroxylation 

patterns, glycosylation, and acylation of anthocyanidins such as delphinidin, cyanidin, and pelargonidin 

give rise to distinct pigment profiles, which are tightly linked to cultivar-specific coloration (Mustafa & 

Verpoorte, 2007). 

Beyond their role in pigmentation, anthocyanins contribute significantly to the plant’s adaptive physiology 

by acting as potent antioxidants. Their conjugated polyphenolic structure allows efficient scavenging of 

reactive oxygen species (ROS), thereby protecting plant tissues from oxidative stress induced by UV 

radiation, drought, or pathogen attack. Intriguingly, these same radical-scavenging properties have 

attracted interest for their therapeutic relevance in human health, particularly in mitigating oxidative 

damage implicated in aging, neurodegeneration, and chronic inflammation. 

Current studies employing metabolomic profiling and high-performance liquid chromatography (HPLC) 

have revealed cultivar-dependent anthocyanin signatures that not only influence flower coloration but also 

correspond with variable antioxidant capacity. This cultivational plasticity makes C. roseus a compelling 

candidate for breeding programs aimed at enhancing both ornamental value and nutraceutical potential. 

As such, the anthocyanin landscape of C. roseus represents a confluence of ecological adaptation, 

phytochemical complexity, and translational promise. 

 

4. Pharmacological Activities 

4.1. Anticancer Properties 

Vinblastine and vincristine—arguably the crown jewels among the indole alkaloids derived from 

Catharanthus roseus—have etched their legacy in modern oncology through their remarkable antimitotic 

prowess. These dimeric alkaloids disrupt the microtubule dynamics essential for mitotic spindle formation 

by binding to tubulin heterodimers, thereby preventing polymerization into functional microtubules. This 

inhibition arrests the cell cycle at metaphase, effectively halting the proliferation of rapidly dividing cancer 

cells (Cragg & Newman, 2005). What distinguishes these alkaloids is not merely their cytostatic action, 

but their precision in targeting dividing cells while sparing quiescent populations—a trait that underlies 

their therapeutic value in hematological malignancies and solid tumors. 

Clinically, vinblastine has demonstrated potent activity in Hodgkin’s lymphoma, testicular carcinoma, and 

breast cancer, while vincristine has been a cornerstone agent in pediatric leukemias and small-cell lung 

cancers (Han et al., 2008).  These agents have transcended monotherapy paradigms to become integral 

components of multidrug chemotherapeutic regimens, often synergized with DNA-damaging agents or 

metabolic inhibitors. Of particular note, the incorporation of vinblastine into combination therapies with 

β-adrenergic blockers and mitomycin C has shown promising potentiation of anticancer effects. This 
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combinatorial approach not only amplifies apoptosis through mitochondrial destabilization but also 

mitigates multidrug resistance by modulating drug efflux transporters (Pasquier et al., 2016). 

Beyond conventional cytotoxicity, vincristine and vinblastine are now being revisited for their potential 

to modulate tumor microenvironment signaling and angiogenesis, revealing a pharmacodynamic 

versatility that extends far beyond tubulin interference. The continued evolution of these alkaloids—from 

plant-derived mitotic blockers to strategic components in personalized cancer therapy—underscores their 

irreplaceable role in the chemotherapeutic arsenal and invites further innovation through structural 

optimization and targeted delivery systems. 

4.2. Antidiabetic Potential 

The longstanding ethnomedicinal use of Catharanthus roseus in glycemic control has garnered compelling 

scientific validation in recent years. Bioassays involving ethanolic extracts of the plant have demonstrated 

significant antihyperglycemic effects, particularly in alloxan-induced diabetic rodent models, confirming 

its potential as a natural therapeutic agent for diabetes management (Ohadoma & Michael, 2011).  At the 

molecular level, alkaloids such as vindoline exhibit a dual-mode mechanism of action that contributes to 

enhanced glucose homeostasis. These indole alkaloids not only facilitate glucose uptake in peripheral 

tissues—likely through upregulation of GLUT-4 translocation—but also act as potent inhibitors of protein 

tyrosine phosphatase 1B (PTP-1B), a negative regulator of insulin signaling (Tiong et al., 2013). This 

inhibitory action on PTP-1B helps restore insulin sensitivity, a hallmark challenge in type 2 diabetes 

pathophysiology. Such multi-targeted modulation positions C. roseus alkaloids as promising leads for the 

development of phytopharmaceuticals aimed at both insulin resistance and impaired glucose metabolism. 

The convergence of traditional wisdom with molecular pharmacology underscores the plant’s 

transformative role in integrative diabetic care, inviting further exploration into its bioactive constituents 

and their synergistic pathways. 

4.3. Neuroprotective Effects 

The neuropharmacological promise of Catharanthus roseus extends beyond its well-documented 

anticancer potential into the realm of central nervous system (CNS) therapeutics. Among its key bioactive 

derivatives, vinpocetine, a semi-synthetic compound derived from the indole alkaloid vincamine, has 

garnered considerable attention as a cerebrovascular enhancer and cognitive modulator, particularly in the 

context of Alzheimer’s disease (AD) and vascular dementia (Szatmari & Whitehouse, 2003). 

Mechanistically, vinpocetine operates through multimodal neuroprotection: it inhibits phosphodiesterase 

type 1 (PDE1), leading to elevated cyclic GMP levels, vasodilation, and improved cerebral perfusion. 

Additionally, vinpocetine exhibits anti-inflammatory and antioxidant properties, attenuating neuronal 

injury induced by ischemic or amyloidogenic insults. 

Complementing vinpocetine’s action is serpentine, another prominent indole alkaloid present in C. roseus, 

which demonstrates strong acetylcholinesterase (AChE) inhibitory activity—a pharmacological hallmark 

in the treatment of AD (Pereira et al., 2010). By impeding the hydrolysis of acetylcholine at cholinergic 

synapses, serpentine effectively prolongs neurotransmitter availability, thereby mitigating the cholinergic 

deficits characteristic of neurodegenerative disorders. Moreover, recent molecular docking analyses 

suggest that serpentine binds favorably to the catalytic triad of AChE, establishing hydrogen bonds and 

π–π stacking interactions that enhance its inhibitory efficiency. 

Together, these findings underscore the plant’s potential as a neuropharmacological reservoir, offering 

phytoconstituents that not only target symptomatic relief but also engage disease-modifying pathways. As 

neurodegenerative diseases escalate globally, especially with aging populations, the therapeutic 

https://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR250450018 Volume 7, Issue 4, July-August 2025 6 

 

repositioning of C. roseus-derived alkaloids may represent a valuable avenue for multi-target drug 

development. Future research integrating blood-brain barrier permeability assays, neuroinflammatory 

pathway profiling, and behavioral models of memory impairment will be pivotal in translating these 

preclinical insights into clinically viable interventions. 

 

 
Fig. Neuroprotective Effects. 

 

4.4. Antimicrobial and Antiviral Actions 

The antimicrobial spectrum of Catharanthus roseus reflects a multifaceted phytochemical arsenal capable 

of targeting both prokaryotic and eukaryotic pathogens. Notably, alkaloid-rich fractions isolated from the 

plant have demonstrated broad-spectrum bactericidal and fungicidal activity, exhibiting significant growth 

inhibition against clinically relevant pathogens including Escherichia coli, Staphylococcus aureus, and 

Candida albicans (Patil & Ghosh, 2010). The underlying mechanism is thought to involve disruption of 

microbial membrane integrity, inhibition of protein synthesis, and interference with intracellular metabolic 

processes, driven by the electrostatic interactions between the cationic alkaloids and the anionic microbial 

cell wall components. 

Among the constellation of bioactive compounds, yohimbine, a well-characterized indole alkaloid found 

in C. roseus, exhibits potent antiviral activity against Herpes Simplex Virus type 1 (HSV-1). Remarkably, 

its virucidal effect is pronounced even at nanomolar concentrations, suggesting high binding affinity to 

viral envelope glycoproteins or early interference with viral entry pathways (Özçelik et al., 2011). This 

points toward a potential mechanism of action involving inhibition of viral fusion or replication initiation, 

warranting further investigation into its utility as a natural antiviral scaffold. 

Such findings position C. roseus as a promising candidate for phytotherapeutic interventions in infectious 

disease management, particularly in an era where antimicrobial resistance (AMR) is emerging as a global 

health crisis. The dual antibacterial and antiviral properties not only validate the ethnomedicinal use of the 

plant but also highlight its relevance in the development of next-generation phytopharmaceuticals. Future 

work integrating molecular docking, pathogen genomics, and biofilm inhibition assays could further 

elucidate the specific targets and enhance the precision application of these compounds in clinical settings. 

4.5. Wound Healing and Anti-inflammatory Benefits 

Preclinical investigations into the therapeutic efficacy of Catharanthus roseus have revealed its notable 

potential in promoting tissue regeneration and modulating inflammatory responses. In a pivotal in vivo 

study utilizing Sprague Dawley rats, topical administration of ethanolic extracts derived from both flowers 

and leaves of C. roseus significantly enhanced the rate of wound contraction and epithelialization 
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compared to controls (Nayak & Pereira, 2006). Histopathological analysis corroborated these findings, 

demonstrating increased fibroblast proliferation, neovascularization, and collagen deposition—key 

hallmarks of accelerated dermal repair. 

The observed pro-healing effects are hypothesized to be mediated by the synergistic action of multiple 

phytoconstituents, including flavonoids, tannins, and triterpenoids, which are known to exert antioxidant, 

astringent, and antimicrobial properties. These bioactives may modulate redox balance at the wound site, 

thereby attenuating oxidative stress-induced cellular damage and promoting keratinocyte migration. 

Furthermore, the anti-inflammatory activity of C. roseus was validated in carrageenan-induced paw edema 

models, a well-established paradigm for acute inflammation in rodents. Ethanolic leaf extract treatment 

resulted in a significant reduction in paw volume, indicative of inhibited exudate formation and leukocyte 

infiltration (Gupta et al., 2014). This anti-edematous effect is likely driven by the suppression of pro-

inflammatory mediators such as prostaglandins and cytokines via inhibition of cyclooxygenase (COX) 

and lipoxygenase (LOX) pathways. 

Collectively, these studies suggest that C. roseus exhibits a dual mechanistic profile: (1) facilitating 

cutaneous regeneration through stimulation of angiogenesis and extracellular matrix remodeling, and (2) 

attenuating inflammatory cascades through biochemical interference with arachidonic acid metabolism. 

These findings position C. roseus as a promising candidate for the development of phytopharmaceutical 

formulations aimed at wound management and inflammatory skin conditions. 

 

 
Fig. Wound Healing effects of Catharanthus roseus 

 

5. Toxicological and Pharmacokinetic Considerations 

Toxicological evaluations of Catharanthus roseus extracts indicate a relatively high threshold of safety, 

with acute oral toxicity studies revealing no significant adverse effects at doses up to 5000 mg/kg in rodent 

models (Kabubii et al., 2015). This suggests a favorable safety margin for whole-plant or crude extract 

applications under traditional and experimental settings. However, caution must be exercised when 

isolating and administering its potent vinca alkaloid derivatives—namely vincristine and vinblastine—

which possess a markedly different toxicity profile. 

Vincristine is particularly notorious for inducing dose-limiting neurotoxicity, often manifesting as 

peripheral neuropathy due to its interference with axonal microtubule assembly. This neurotoxic effect is 

cumulative and can become irreversible with prolonged exposure. Vinblastine, although structurally 

similar, primarily exerts myelosuppressive toxicity, disrupting bone marrow function and leading to 
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leukopenia, thrombocytopenia, and anemia (Plumlee, 2004). These adverse effects underscore the 

necessity of stringent dosing regimens and regular hematological monitoring during chemotherapy. 

Both vincristine and vinblastine are substrates of the cytochrome P450 3A (CYP3A) isoenzymes, which 

catalyze their hepatic biotransformation. Variability in CYP3A4/5 activity—whether due to genetic 

polymorphisms, drug–drug interactions, or hepatic impairment—can significantly alter their 

pharmacokinetics and toxicity risk (Levêque & Jehl, 2004). Co-administration with CYP3A inhibitors 

(e.g., azole antifungals, macrolides) can elevate systemic concentrations, exacerbating neurotoxicity or 

myelosuppression, while enzyme inducers may undermine therapeutic efficacy. 

Furthermore, both alkaloids exhibit multicompartmental distribution kinetics, with prolonged tissue 

retention, particularly in neural and hematopoietic compartments. This pharmacokinetic behavior 

necessitates personalized therapeutic strategies, potentially involving pharmacogenetic screening and 

adaptive dosing algorithms to optimize efficacy while minimizing systemic toxicity. 

In summary, while C. roseus exhibits a broad safety window as a phytotherapeutic, its purified alkaloidal 

constituents demand meticulous pharmacovigilance, toxicodynamic understanding, and therapeutic 

oversight to ensure clinical benefit without compromising patient safety. 

 

6. Innovations in Drug Delivery 

The therapeutic efficacy of Catharanthus roseus-derived alkaloids, particularly vincristine and vinblastine, 

has long been hampered by their narrow therapeutic index, rapid systemic clearance, and dose-limiting 

neurotoxicity. In response to these pharmacokinetic constraints, modern pharmaceutics has turned to 

nanotechnology as a transformative solution to enhance bioavailability, precision targeting, and controlled 

release of these cytotoxic agents. 

Among the most promising advancements are polyethylene glycol (PEG)-coated poly(lactic-co-glycolic 

acid) (PLGA) nanoparticles, which offer a dual advantage of prolonged systemic circulation and 

protection from reticuloendothelial system (RES)-mediated clearance (Wang et al., 2014). These 

nanoformulations exploit the enhanced permeability and retention (EPR) effect to selectively accumulate 

in tumor tissues, thereby maximizing therapeutic payload at the disease site while minimizing collateral 

damage to healthy cells. 

Additionally, liposomal encapsulation—another cornerstone of nanocarrier design—has enabled the 

aqueous stabilization of hydrophobic vinca alkaloids, improving their pharmacological solubility and 

reducing infusion-related toxicity. These stealth liposomes, often functionalized with ligands like folic 

acid or transferrin, facilitate receptor-mediated endocytosis in cancer cells, enhancing cytoplasmic drug 

release in a spatially and temporally controlled fashion. 

Pushing the frontier further, hybrid nanosystems that co-encapsulate vincristine and phytochemical 

adjuvants such as quercetin have demonstrated profound synergistic antineoplastic activity in 

chemoresistant tumor models (Zhu et al., 2017). Quercetin, a flavonoid with potent anti-inflammatory and 

MDR-inhibitory properties, not only sensitizes cancer cells to vincristine-induced apoptosis but also 

mitigates oxidative stress, thereby amplifying overall therapeutic efficacy while dampening systemic 

toxicity. 

Emerging drug delivery platforms now explore stimuli-responsive nanocarriers—including pH-sensitive 

micelles, redox-activated polymers, and enzyme-cleavable linkers—that ensure drug release exclusively 

within the tumor microenvironment. These smart systems capitalize on the aberrant biochemistry of 

cancerous tissues to activate drug liberation with unprecedented specificity. 
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Furthermore, multifunctional nanocarriers are being engineered to serve as theranostic agents, 

simultaneously enabling real-time imaging and targeted therapy, thereby bridging diagnostic and 

treatment modalities. By conjugating fluorescent dyes or superparamagnetic iron oxide nanoparticles 

(SPIONs) to vinca alkaloid-loaded carriers, researchers can monitor biodistribution and tumor regression 

in vivo with high fidelity. 

In essence, the marriage of C. roseus phytochemistry with state-of-the-art nanotechnology is ushering in 

a paradigm shift in oncologic pharmacotherapy. These innovations not only revitalize the clinical utility 

of legacy alkaloids like vincristine but also lay the groundwork for precision-guided, patient-personalized 

oncology that harmonizes efficacy with safety. 

 

 
Fig. Nanocarrier mechanism or delivery pathway 

 

7. Conclusion and Future Prospects 

C. roseus has transcended its folkloric roots to become a phytochemical juggernaut in contemporary 

pharmacognosy and therapeutic bioprospecting. The plant’s extensive pharmacological armamentarium—

anchored by its hallmark indole alkaloids like vinblastine and vincristine—demonstrates a unique 

confluence of ethnomedical heritage and empirically validated biomedical relevance. Its bioactivity spans 

a broad spectrum of pathological domains, notably neoplastic, metabolic, neurodegenerative, and 

microbial afflictions. 

However, the pharmacological narrative of C. roseus is far from complete. A significant proportion of its 

secondary metabolome remains unexplored, and therein lies an extraordinary opportunity. With over 130 

terpenoid indole alkaloids already characterized, untapped minor constituents could harbor novel 

pharmacophores with transformative clinical applications. Future research must move beyond reductionist 

phytochemical screening and embrace integrative, systems-level approaches—including metabolomics, 

transcriptomics, and chemoinformatics—to map the full biosynthetic landscape of this plant. 

Moreover, the advent of synthetic biology and metabolic engineering provides unprecedented avenues to 

enhance the biosynthesis of high-value metabolites via microbial chassis or engineered plant cell cultures. 

Concurrently, the deployment of advanced drug delivery systems—such as ligand-targeted nanoparticles, 

dendrimer conjugates, and stimuli-responsive hydrogels—could potentiate bioavailability, site specificity, 

and therapeutic indices of C. roseus-derived agents. 

Nevertheless, the transition from bench to bedside necessitates robust translational pipelines. Systematic 

pharmacovigilance, ADMET profiling, and phase-oriented clinical investigations must be prioritized to 

delineate safety thresholds, dose-responsiveness, and potential drug–drug interactions. It is imperative to 

https://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR250450018 Volume 7, Issue 4, July-August 2025 10 

 

establish toxicokinetic frameworks and elucidate the role of host epigenetics in modulating therapeutic 

response, particularly in polyherbal formulations. 

In essence, Catharanthus roseus is not merely a medicinal plant—it is a biochemical lexicon of 

evolutionary intelligence. By harnessing its complex phytochemical architecture through cutting-edge 

bioscience and translational pharmacology, we can redefine the landscape of plant-based therapeutics. The 

future of C. roseus lies not only in what it has given to medicine but in what remains undiscovered, 

encoded within its genetic and metabolic blueprints. 
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