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Abstract 

Helminthiasis, or parasitic worm infection, remains a major global public health crisis, imposing a 

disproportionate burden on low- and middle-income nations where poverty and persistent sanitation 

challenges facilitate high transmission rates. This chronic endemic situation is gravely compounded by 

the rapidly emerging threat of anthelmintic drug resistance against core therapeutic agents, including 

albendazole, ivermectin, and pyrantel pamoate. The escalating crisis necessitates an urgent pivot 

toward exploring robust, naturally occurring alternatives. This systematic review addresses this 

imperative by consolidating and critically analyzing available scientific literature regarding the 

phytochemistry, proposed pharmacological mechanisms, and in vivo evidence supporting the 

anthelmintic potential of Crassula ovata (the Jade Plant), a succulent widely known for its traditional 

ethnomedicinal applications. 

Analysis confirms that C. ovata possesses a remarkably rich phytochemical profile. Its bioactive 

components—specifically flavonoids, alkaloids, saponins, tannins, terpenoids, and phenolics—are 

suggested to act synergistically to produce potent anti-parasitic effects. The evidence points towards 

multifaceted mechanisms of action, including the crucial disruption of the worm's protective cuticle, 

leading to cellular damage; the induction of neuromuscular inhibition resulting in paralysis and 

expulsion; the generation of lethal levels of oxidative stress; and interference with essential helminthic 

metabolic pathways. 

In conclusion, the findings position C. ovata as a compelling candidate for the development of novel, 

plant-derived anthelmintic agents. However, the review simultaneously highlights significant research 

deficiencies, particularly the need for standardized extraction protocols, comprehensive toxicity studies, 

and controlled clinical trials to validate efficacy and safety for human and livestock applications. Future 

research must focus on isolating and characterizing specific active compounds to fully harness the 

therapeutic potential of this promising natural resource. 
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Introduction 

Introduction: The Persistent Global Threat of Helminthiasis 

Helminth infections, a collective term for diseases caused by parasitic worms including 

nematodes (roundworms), cestodes (tapeworms), and trematodes (flukes), represent one of 

the most pervasive and neglected global health burdens. Affecting an estimated 1.5 billion 

individuals worldwide, these infections are not merely localized ailments but drivers of a 

profound cycle of poverty and poor health, particularly in tropical and subtropical regions. 

The consequences of chronic helminthiasis extend far beyond simple gastrointestinal 

distress; they frequently manifest as severe nutritional deficiencies, impaired cognitive 

development in children, anaemia, and reduced long-term educational and professional 

attainment, collectively diminishing the overall quality of human life and productivity [5]. The 

impact of parasitic worms is not confined to human health. In the global livestock industry, 

helminthiasis is a critical factor driving significant economic losses through reduced weight 

gain, decreased milk and meat production, and high mortality rates, particularly in 

subsistence farming communities [5]. 
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 The Emerging Crisis of Anthelmintic Resistance 

For decades, synthetic broad-spectrum anthelmintic agents 

have served as the principal means of controlling these 

infections in both human and veterinary medicine. However, 

the success of this treatment paradigm is rapidly eroding. 

Widespread, often prophylactic, misuse and overuse of 

cornerstone drugs—a practice prevalent in both mass drug 

administration campaigns and livestock management—have 

inexorably led to the alarming rise of drug-resistant 

helminth strains. This escalating resistance scenario 

threatens to render our current therapeutic arsenal 

ineffective, creating an urgent and critical need for the 

identification and development of novel, safe, and cost-

effective alternatives that possess diverse mechanisms of 

action [6-7]. 

In this context, medicinal plants have re-emerged as a 

pivotal focus for drug discovery. The rich chemo diversity 

inherent in the plant kingdom offers a natural library of 

compounds capable of exerting multi-target effects against 

parasitic organisms, offering a promising route around 

single-target drug resistance [7]. 

 

Crassula ovata: A Candidate for Natural Anthelmintic 

Discovery 

Among the thousands of candidates, Crassula ovata 

(commonly known as the Jade Plant) has attracted 

considerable scientific attention. This resilient succulent, 

indigenous to South Africa, has a documented history in 

traditional medicine, where its extracts have been employed 

for applications ranging from wound healing and anti-

inflammatory relief to the management of gastrointestinal 

disorders [7-8]. The known phytochemical richness of C. 

ovata, encompassing a wide array of secondary metabolites, 

positions it as a compelling and relatively unexplored 

contender in the search for natural anthelmintic agents [8]. 

 

Scope of the Review 

This comprehensive review aims to bridge the gap between 

ethnomedicinal use and evidence-based science. We provide 

a meticulous overview of C. ovata's complete 

phytochemistry and its historical ethnomedicinal 

significance. Crucially, we consolidate and critically 

evaluate current literature detailing the plant’s demonstrated 

anthelmintic activity, focusing specifically on elucidating 

the proposed pharmacological mechanisms by which its 

bioactive compounds exert their anti-parasitic effects. 

Ultimately, this work seeks to establish a foundational 

scientific rationale for prioritizing C. ovata in the 

development pipeline for next-generation, plant-derived 

anthelmintic drugs [9]. 

 

Botanical Description of Crassula ovata 

Crassula ovata (known popularly as the Jade Plant, Money 

Plant, or Lucky Plant) is a perennial shrub belonging to the 

family Crassulaceae. Its native range is the dry, arid regions 

of the Eastern Cape and KwaZulu-Natal provinces of South 

Africa. While widely recognized globally as a decorative 

succulent, its adaptive morphology and distinct 

physiological processes are directly linked to its traditional 

therapeutic efficacy. As a member of the diverse 

Crassulaceae family, the plant exhibits key xerophytic 

features, allowing it to thrive in environments where other 

flora cannot. The following table summarizes the essential 

taxonomic, morphological, and physiological features that 

characterize C. ovate [10]. 

 
Table 1: Botanical Description of Crassula ovate [11-12] 

 

Classification/Feature Description Significance to Ethnomedicine & Ecology 

Family Crassulaceae (Stonecrop Family) 
Succulent family known for unique drought adaptation and 

often rich phenolic content. 

Origin/Native Range Eastern Cape and KwaZulu-Natal, South Africa 
Confirms its xerophytic nature and provides context for its 

historical use in South African traditional medicine. 

Morphology (Leaves) 

Fleshy, thick, ovate to obovate green leaves, often 

with a distinctive reddish margin when exposed to 

bright sunlight. 

High water storage capacity (succulence); the fleshy 

parenchyma is the primary source of bioactive 

phytochemicals used in topical preparations. 

Morphology (Stems) 

Starts as green and soft, maturing into thick, heavy, 

highly branched, and woody stems resembling a 

small tree trunk. 

The woody nature contributes to its longevity. The stems 

and bark have secondary metabolites that may differ from 

those in the leaves. 

Reproductive Structure 

Small, star-shaped flowers (typically white or pale 

pink) produced in dense terminal clusters during the 

cooler months (often late autumn/winter). 

The flowering period is seasonal, which may influence the 

concentration of certain secondary metabolites. 

Physiology 

Crassulacean Acid Metabolism (CAM) 

photosynthesis. Stomata open only at night to fix 

CO2, significantly reducing water loss during the 

day. 

CAM metabolism results in unique diurnal variation in 

organic acid concentrations (e.g., malic acid), which can 

influence the stability and extraction efficiency of other 

compounds. 

Medicinal Parts Used Leaves (most common), stems, and roots. 

The use of different plant parts suggests a varied spectrum 

of traditional uses based on the differing concentration and 

composition of their stored 
 

C. ovata's remarkable ability to resist drought and harsh 

environmental conditions, facilitated by its CAM 

photosynthesis and succulent morphology, is fundamentally 

intertwined with its robust secondary metabolite production. 

These compounds, which primarily function as chemical 

defenses and stress response agents in the plant, are 

precisely the substances that hold promise for anthelmintic 

and other therapeutic applications. 

 

Ethnomedicinal and Traditional Applications 

The long-standing use of Crassula ovata in folk medicine 

provides a compelling heuristic basis for its current 

pharmacological investigation. Across various traditional 

African, and subsequently, Asian systems of medicine, the 

plant has been valued for its accessibility and wide spectrum 

of therapeutic effects. These traditional uses, often involving 

the direct application or ingestion of prepared leaf extracts, 
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 form the foundational evidence supporting the subsequent 

scientific inquiry into its mechanisms of action. 

 

Therapeutic Spectrum in Traditional Practice 

The most frequently documented traditional applications of 

C. ovata can be broadly categorized into three areas: 

1. Dermatological and Anti-inflammatory Uses: The 

fleshy leaves are commonly crushed or juiced for 

topical application to facilitate the healing of skin 

wounds, abrasions, and superficial cuts. This practice 

points to the presence of compounds with astringent, 

haemostatic, or cell-regenerative properties. 

Furthermore, its use as an anti-inflammatory and 

antiseptic agent suggests its capacity to modulate 

localized immune responses and counteract minor 

microbial colonization at the site of injury, supporting 

the plant’s efficacy in preventing secondary infections. 

2. Gastrointestinal and Mucosal Health: Internally, 

preparations from C. ovata have been administered to 

manage various gastrointestinal (GI) disturbances. 

These uses include the symptomatic treatment of 

diarrhea—suggesting the presence of compounds with 

anti-motility or astringent effects—and the relief of 

general stomach ailments. The plant is also traditionally 

employed to soothe painful sore throats, indicating an 

action on mucosal surfaces to reduce irritation and 

inflammation [13]. 

3. Antiparasitic and Antimicrobial Function: Crucially, 

traditional healers have historically utilized C. ovata to 

address minor parasitic infections. While often 

nonspecific in classification, this traditional belief in its 

ability to expel or mitigate parasitic organisms—

alongside its documented efficacy against general GI 

disturbances—serves as the primary ethnobotanical 

rationale for the focused scientific investigation of its 

anthelmintic potential [14]. 

 

Phytochemical Constituents and Anthelmintic Action of 

Crassula ovata 

The demonstrated therapeutic efficacy of C. ovata is 

fundamentally rooted in its complex and varied profile of 

secondary metabolites. Phytochemical screening has 

consistently revealed a rich reservoir of bioactive 

compounds, which collectively contribute to the plant’s 

defense mechanisms and, subsequently, its utility as an 

anthelmintic agent. The multi-targeted nature of these 

constituents is hypothesized to be particularly effective in 

circumventing the resistance mechanisms often developed 

against synthetic, single-target drugs. 

The primary classes of compounds identified in C. ovata 

and their hypothesized mechanisms of action against 

parasitic helminths are detailed below [14-16]. 

 

Flavonoids 

Flavonoids are ubiquitous polyphenolic compounds 

celebrated for their potent antioxidant and free-radical 

scavenging capabilities. In the context of anthelmintic 

activity, their efficacy extends beyond general antioxidant 

protection. Flavonoids actively exert membrane-stabilizing 

properties within the parasite's somatic cells and possess 

significant enzyme inhibitory potential. Specifically, they 

are known to interfere with key metabolic enzymes vital for 

the parasite’s energy generation and survival, such as 

reductases and ATPases, ultimately crippling the worm’s 

ability to assimilate nutrients and maintain cellular 

homeostasis [17]. 

 

Alkaloids 

Alkaloids are nitrogen-containing organic molecules that 

often exhibit pronounced biological activity, particularly on 

the nervous system. Their anthelmintic potential is primarily 

attributed to their capacity for neuromuscular blockade. By 

interacting with neurotransmitter receptors (such as nicotinic 

or GABAergic receptors) along the helminth's nervous 

ganglia, alkaloids induce either spastic paralysis or flaccid 

paralysis. This rapid immobilization prevents the parasite 

from maintaining its attachment to the host’s intestinal wall, 

leading to its detachment and subsequent expulsion via 

peristalsis [17-18]. 

 

Tannins 

Tannins are water-soluble polyphenols characterized by 

their ability to precipitate proteins. Against helminths, this 

property is exploited in two critical ways: 

1. Cuticle Binding: Tannins form stable complexes with 

proteins present on the external cuticle, the parasite's 

protective layer. This action leads to the structural 

hardening, shrinkage, and compromise of the cuticle's 

integrity, rendering the helminth susceptible to osmotic 

shock and degradation by the host's digestive enzymes. 

2. Gastrointestinal Interference: Upon ingestion by the 

worm, tannins can bind to and deactivate digestive 

enzymes within the parasite's gut, starving the organism 
[19]. 

 

Saponins 

Saponins are glycosylated compounds defined by their 

distinctive surfactant (soap-like) properties. This 

amphiphilic nature is the foundation of their cytotoxicity. 

Saponins interact specifically with cholesterol and sterol 

components embedded within the cell membranes of the 

helminth. This interaction causes the disruption and 

permeabilization of the membrane, leading to pore 

formation, loss of intracellular contents, and ultimately, cell 

lysis and the death of the parasite [20]. 

 

Terpenoids 

Terpenoids (or terpenes) represent a large and structurally 

diverse group of lipids. Their efficacy as anthelmintic agents 

lies in their lipophilicity, which allows them to easily 

traverse biological membranes. Once inside the parasite, 

terpenoids are hypothesized to interfere critically with 

helminth respiration and core metabolic pathways. This 

metabolic disruption often targets the electron transport 

chain within the parasite's mitochondria, thereby inhibiting 

adenosine triphosphate (ATP) synthesis and causing rapid 

energy deprivation and cellular failure [6-8]. 

 

Phenolic Compounds 

Phenolic compounds, separate from the flavonoid group, 

contribute significantly to the plant's defensive capacity. A 

primary mechanism of action involves the generation of 

reactive oxygen species (ROS) within the helminth's cells. 

While helminths possess antioxidant defence systems, the 

overwhelming influx of ROS induced by phenolics causes 

severe oxidative stress. This stress results in irreparable 

damage to essential cellular macromolecules, including lipid 
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 membranes, structural proteins, and nucleic acids 

(DNA/RNA), leading directly to organism mortality [7]. 

 

Synergistic Activity 

The accumulated evidence suggests that the robust 

anthelmintic activity observed in crude extracts of C. ovata 

is rarely attributable to a single molecule. Instead, the plant's 

effectiveness is believed to be a consequence of the 

synergistic and additive actions of its diverse phytochemical 

ensemble. The combined assault—ranging from 

neurotoxicity (Alkaloids) and physical damage (Tannins, 

Saponins) to metabolic shutdown (Terpenoids) and 

oxidative destruction (Phenolics)—provides a 

comprehensive, multi-pronged attack that significantly 

enhances efficacy and potentially mitigates the emergence 

of parasite resistance [9-11]. 

 

 
 

 Fig 1: Helminths Allergic Response with reference to Pulmonary Hyperactivity 

 

Mechanism of Anthelmintic Action of Crassula ovata 

The potent anthelmintic effects demonstrated by extracts of 

Crassula ovata are not mediated by a single physiological 

event but arise from a concerted, multi-target biochemical 

assault on the parasite. The plant's diverse phytochemical 

profile ensures that helminths are simultaneously subjected 

to several debilitating disruptions, which collectively lead to 

immobilization, cellular damage, and death [20]. 

 

Tegumental and Cuticular Damage 

One of the most immediate and critical mechanisms of 

action involves the physical and structural compromise of 

the helminth’s external protective layer, known as the 

tegument (in trematodes and cestodes) or the cuticle (in 

nematodes). This protective barrier is essential for nutrient 

uptake, waste excretion, and defense against the host's 

immune and digestive systems. The damage is primarily 

driven by the interaction of two key phytochemical groups: 

tannins and saponins. 

 

A. Tannin-Mediated Structural Integrity Loss 

As discussed previously, tannins are renowned for their 

ability to bind and precipitate proteins. Upon contact with 

helminths, these compounds target the high concentration of 

structural proteins and glycoproteins embedded within the 

cuticle and tegument. This binding leads to a severe loss of 

the cuticle's integrity, resulting in: 

 Structural Hardening and Shrinkage: The 

complexation of tannins with cuticular proteins causes 

structural rigidity and contraction, leading to physical 

damage and the formation of fissures. 

 Impaired Nutrient Absorption: The damaged surface 

impairs the function of specialized transporters and 

enzymes located on the tegument, which are crucial for 

the parasite's absorption of glucose and other vital 

nutrients from the host gut. 

 Leakage of Cellular Contents: The breakdown of the 

outer layer results in increased permeability, leading to 

the uncontrolled leakage of essential cellular 

metabolites and organelles (efflux), destabilizing the 

parasite’s osmotic balance and accelerating cellular 

death [21-22]. 

 

B. Saponin-Induced Membrane Disruption 

Saponins, acting as potent natural surfactants, specifically 

interact with the sterol components of the parasite's cell 

membranes underlying the tegument. This leads to the 

formation of pores and micelles, critically compromising the 

membrane’s barrier function. 

 

C. Enhanced Susceptibility 

The cumulative tegumental damage caused by both tannins 

and saponins has two profound consequences for the 

helminth: 

1. Increased Susceptibility to Host Defences: The 

exposed internal tissues and damaged surfaces make the 

parasite highly vulnerable to attack by the host's 

immune cells and digestive enzymes. 

2. Facilitated Uptake of Other Toxins: The 

compromised cuticle acts as a diminished barrier, 

allowing other lipophilic anthelmintic compounds 

present in the C. ovata extract (such as terpenoids and 

phenolics) to penetrate more easily and rapidly, 

amplifying their neurotoxic and metabolic effects and 

thereby achieving a multi-synergistic kill mechanism 
[23]. 
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 Mechanisms of Anthelmintic Action  

The efficacy of C. ovata crude extracts is defined by a 

cascade of biochemical and physiological disruptions that 

target the parasite's survival infrastructure. Beyond physical 

disruption of the cuticle, the mechanisms involve critical 

interference with the nervous system, energy production, 

and reproductive capacity. 

 

Neuromuscular Paralysis 

A cornerstone of anthelmintic therapy is the induction of 

neuromuscular paralysis, which prevents the parasite from 

actively maintaining its position against the host's peristaltic 

forces. Within C. ovata extracts, alkaloids and certain 

flavonoids act as potent neurotoxins by interfering directly 

with neurotransmission. These compounds are hypothesized 

to function as agonists or antagonists at key cholinergic and 

GABAergic receptor sites on the helminth's nervous ganglia 
[23-24]. 

 

 
 

Fig 2: Neuronal Junction 

 

By inhibiting these receptors or blocking essential 

ganglionic transmission, the compounds rapidly induce 

either flaccid or spastic paralysis. The resulting paralysis, 

which includes the inability to sustain attachment to the 

gastrointestinal mucosa, ensures that the paralyzed worms 

are efficiently expelled from the host body via normal gut 

motility. 

 

Oxidative Stress Induction 

Another significant mode of action is the deliberate 

induction of cellular damage through oxidative stress. 

Phenolic compounds and flavonoids present in the extracts 

are capable of redox cycling, leading to the excessive and 

uncontrolled generation of Reactive Oxygen Species (ROS), 

such as superoxide radicals and hydrogen peroxide. 

Helminths possess limited and vulnerable antioxidant 

defence systems. The overwhelming influx of ROS rapidly 

exhausts these defenses, leading to irreversible damage via: 

 Lipid Peroxidation: Destruction of cellular and 

mitochondrial membrane integrity. 

 DNA Fragmentation: Structural damage to genetic 

material, impairing replication and repair. 

 Protein Denaturation: Alteration of enzymatic and 

structural proteins, leading to a cascade of cellular 

malfunction [25]. 

This comprehensive oxidative assault quickly compromises 

cellular viability, culminating in the death of the parasite. 

 

Inhibition of Energy Metabolism 

The unique physiology of parasitic helminths, which often 

rely heavily on anaerobic or modified aerobic pathways for 

energy generation within the low-oxygen host environment, 

makes them exquisitely sensitive to metabolic disruptors. 

Terpenoids and specific alkaloids from C. ovata interfere 

with critical steps in energy production. Key targets include: 

 Disruption of the Mitochondrial Electron Transport 

Chain, which cripples the synthesis of Adenosine 

Triphosphate (ATP). 

 Inhibition of Glycolytic Processes, starving the parasite 

of essential fuel intermediates. 

 Targeting the Fumarate Reductase system, a crucial 

enzyme in the anaerobic respiration pathway of many 

helminths. 

 

By shutting down these essential energy pathways, the 

extract induces rapid energy crisis, leading to physiological 

shutdown and mortality [25-26]. 

 

Inhibition of Egg Hatchability and Larval Development 

In addition to directly killing adult parasites, the active 

phytochemicals from C. ovata demonstrate potential in 

controlling the parasitic lifecycle externally. Certain 

compounds have been observed to interfere with 

embryogenesis and larval differentiation. This action limits 

the ability of eggs to successfully hatch and develop into 

infective larval stages, thereby substantially reducing the 

parasite's reproductive capacity and overall environmental 

transmission rate. This ovicidal and larvicidal activity is 

essential for breaking the infection cycle and managing 

long-term endemic prevalence [27]. 

 

Evidence From In Vivo and In Vitro Anthelmintic 

Studies 

While the therapeutic efficacy of the Crassulaceae family 

has been explored through related species—with extracts of 

Kalanchoe, Aloe, and Sedum species exhibiting recognized 

anthelmintic action—direct, evidence-based studies on the 

anthelmintic potential of Crassula ovata are currently 

emerging [28]. 

Preliminary pharmacological investigations utilizing 

methanolic and ethanolic extracts of C. ovata have yielded 

encouraging evidence that substantiates its traditional use: 

 Significant Reduction in Motility and Viability: In 

vitro assays have demonstrated a profound, 

concentration-dependent reduction in the spontaneous 

motility and subsequent viability of adult worms, often 

resulting in rapid paralysis and death. 

 Dose-Dependent Worm Mortality: In vivo studies, 

typically conducted in murine or ex vivo helminth 

models, indicate that C. ovata extracts achieve dose-

dependent mortality rates comparable to or exceeding 

the effects of synthetic standard drugs in specific testing 

environments [29-30]. 

 Reduction in Fecal Egg Count (FECR): A vital 

metric of efficacy, observed reductions in fecal egg 

counts suggest that the extracts are effective both at 

killing adult worms and/or inhibiting their egg 

production in vivo. 
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  Microscopic Validation of Damage: Detailed 

microscopic examination of treated helminths confirms 

the mechanistic hypotheses, revealing pronounced 

tegumental and cuticular changes consistent with 

physical disruption and cellular leakage, providing clear 

morphological evidence for the plant's potent anti-

parasitic action [30-32]. 

 

These collective preliminary findings offer a strong 

pharmacological foundation, validating the plant’s potential 

as a source for developing next-generation anthelmintic 

agents. 

 

Research Gaps and Future Perspectives 
Despite the encouraging foundational and preliminary 

evidence supporting the anthelmintic potential of Crassula 

ovata, the transition from traditional remedy to clinically 

viable medicine requires addressing several critical research 

gaps. Future investigations must focus on rigorous 

validation, target identification, and enhanced delivery 

methods to establish C. ovata as a credible candidate for 

novel drug development [33]. 

 

Limited Direct Translational Research 

The current body of evidence relies heavily on general 

extract assays and is often compared to anecdotal data from 

related Crassulaceae species. To confirm therapeutic 

viability, future research must shift focus: [34]. 

Controlled In Vivo Models: Rigorous, controlled studies 

utilizing mammalian infection models (e.g., mice, sheep) are 

mandatory. These models must validate the safety profile 

and efficacy of the extracts against a diverse panel of 

clinically relevant helminths, including soil-transmitted 

helminths (STHs) and drug-resistant strains, thereby 

establishing a clear therapeutic index [35]. 

 Comparative Analysis: Comprehensive comparative 

studies against currently used standard anthelmintic 

drugs are essential to position C. ovata's efficacy 

accurately within the existing therapeutic landscape [36]. 

 

Bio-guided Isolation and Structural Elucidation 

The non-specific nature of crude extracts complicates 

dosing and quality control. The next phase must involve the 

isolation and characterization of the active principles: 

 Targeted Fractionation: Employing bio-guided 

fractionation strategies will allow researchers to 

pinpoint the most active fractions. 

 Advanced Analytical Techniques: Isolation and 

definitive structural identification of the lead 

compounds must be achieved using sophisticated 

analytical tools, including High-Performance Liquid 

Chromatography (HPLC), Gas Chromatography–Mass 

Spectrometry (GC–MS), Liquid Chromatography–

Tandem Mass Spectrometry (LC–MS/MS), and Nuclear 

Magnetic Resonance (NMR) spectroscopy. This 

process will confirm whether the activity stems from a 

single potent molecule or a critical synergistic complex. 

 

Deeper Mechanistic Insight [37-38]. 

While mechanisms are hypothesized (e.g., cuticular damage, 

neuromuscular blockade), molecular-level confirmation is 

necessary to guide optimization and establish novelty: 

 Molecular Docking and In Silico Studies: Utilizing 

computational tools, such as molecular docking and 

dynamics simulations, will be essential to map the 

precise binding affinities of isolated compounds to 

critical parasitic targets. This includes confirmation of 

interactions with neurotransmitter receptors, key 

metabolic enzymes (e.g., fumarate reductase), and 

mitochondrial complexes. 

 Target Confirmation: In vitro enzyme inhibition 

assays and receptor binding studies are needed to 

confirm the inhibitory kinetics and mode of action 

against the identified molecular targets. 

 

Novel Formulation Development [38-40]. 

Should the isolated bioactive compounds exhibit limitations 

such as poor aqueous solubility, stability issues, or low 

bioavailability, advanced pharmaceutical formulation will 

be critical for clinical translation: 

 Targeted Delivery Systems: Development of 

specialized delivery carriers—such as nanoparticles, 

liposomes, and phytosomes—is necessary. These 

carriers enhance the compound’s stability, improve its 

absorption across the gastrointestinal tract, and can 

potentially achieve higher concentrations at the site of 

helminthic infection, maximizing efficacy while 

minimizing systemic toxicity. 

 

The successful navigation of these research stages will be 

key to unlocking the full potential of C. ovata as a 

promising, plant-derived resource for tackling the global 

crisis of anthelmintic resistance. 
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