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ABSTRACT 

Phytosome technology represents a major breakthrough in the delivery of plant-derived secondary metabolites for cancer therapy, addressing 
fundamental limitations such as poor aqueous solubility, rapid metamorphosis, and reduced bioavailability, which hinders clinical translation. The 
secondary metabolites flavonoids, terpenoids, alkaloids, and phenolic resins exhibit potent anticancer activities by modulating crucial oncogenic 
nerve pathways e. g., NF-κB (Nuclear Factor kappa-light-chain-enhancer of activated B cells), PI3K (Phosphoinositide 3-kinase), causing apoptosis 
and inhibiting angiogenesis. However, their hydrophobic nature and volatility in the physiological environment limit their curative efficacy. 
Phytosomes, which are molecular complexes containing phytochemicals and phospholipids, increase lipid solubility, prevent bioactive compounds 
from degrading, and facilitate target delivery to the tumor, resulting in refined absorption, dispersed circulation, and reduced systemic toxicity. 
Preclinical studies have shown that phytosome encapsulation can increase anticancer activity by up to fivefold and synergizes with conventional 
chemotherapeutics, resulting in increased efficacy in breast and colorectal tumor models. This review critically examines the structural and 
mechanistic foundations of phytosome technology, its application in improving the pharmacokinetics and therapeutic indices of secondary 
metabolites, and recent innovations, including nanoparticle incorporation and codelivery systems. By integrating metabolomic profiling with 
nanocarrier design, phytosomes hold promise as a cornerstone for next-generation, natural product-based precision oncology, overcoming 
bioavailability barriers and potentiating anticancer effects to advance clinical translation. 
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INTRODUCTION 

Cancer remains one of the most formidable global health challenges, 
with an estimated 29.5 million new cases and 16.4 million deaths 
projected annually by 2040 [1]. Cancer biology, characterized by 
uncontrolled proliferation, metastasis and resistance to 
conventional therapies, requires innovative treatment approaches. 
Unfortunately, while the backbones of oncology, chemotherapy and 
radiation have various systemic toxicities, off-target effects, and 
drug and metal resistance, the need for more effective, safer 
alternatives remains urgent [2, 3]. Plant-derived secondary 
metabolites, such as flavonoids, terpenoids, alkaloids and phenolic 
compounds, have become promising candidates because they 
modulate important oncogene pathways, induce apoptosis, and 
inhibit angiogenesis [4]. However, their clinical translation is 
hindered by intrinsic limitations such as poor aqueous solubility, 
rapid metabolism and low bioavailability, which impede their 
clinical translation due to the inability to administer efficacious 
doses at the pharmacokinally achievable doses [5, 6]. 

A systematic literature search was conducted using PubMed, Scopus, 
Web of Science, and Google Scholar, focusing on studies published 
between January 2010 and March 2025. Keywords such as 
“phytosome technology,” “secondary metabolites,” “bioavailability,” 
“cancer therapy,” and “nanocarriers” were used. Only peer-reviewed 
articles, reviews, and patents related to phytosome technology in 
cancer treatment were included, while non-English publications and 
studies unrelated to cancer or lacking methodological detail were 
excluded. This approach ensured the inclusion of high-quality, 
relevant literature for this review 

Secondary metabolites such as quercetin, curcumin and berberine 
have very robust anticancer activity against preclinical models that 
target survival and progression pathway(s), such as NF-κB and 
PI3K/AKT [7]. Nevertheless, however, they are often hydrophobic 
and unstable in physiological environments, which limits 
formulation design and compromises the risk of adverse effects at 
high doses. Various traditional delivery methods, such as liposomes 
and surfactant-based systems, have proven successful, but they are 
not specific or stable enough to achieve optimal therapeutic 

outcomes [8, 9]. Because this gap has been filled, phytosome 
technology (a phospholipid encapsulation system that forms 
molecular complexes with phytochemicals that form a membrane 
mimicking the lipid bilayer of cell membranes to increase absorption 
and prolong circulation to protect bioactive compounds from 
degradation) has been developed [10]. 

The use of phytochemicals represents a paradigm shift in natural 
product delivery systems. These nanostructures enhance lipid 
solubility by binding polar phytoconstituents to phospholipids such 
as phosphatidylcholine and facilitating their traversal across the 
cellular membrane and accumulation in tumor tissues [11]. 
Compared with free materials, phytosome-encapsulated metabolites 
have been shown to have reduced systemic toxicity, and preclinical 
results have shown that free compounds achieve an approximately 
fivefold increase in potency in breast cancer models [11]. Examples 
of recent developments that incorporate their versatility to address 
different types of cancer include the use of genistein-loaded 
phytosomes (Patent WO2022135652A1) and the incorporation of 
silver nanoparticles in formulations (Patent IN202341042728). 
Phytosomes not only increase bioavailability but also strengthen 
conventional chemotherapeutics by 124% in a cisplatin–glycyrrhizic 
acid nanocomplex, first in a colorectal cancer cell system. 

This review critically examines the transformative role of 
phytosome technology in cancer therapy, focusing on its ability to 
overcome bioavailability barriers and potentiate the anticancer 
effects of secondary metabolites. We explore the structural and 
mechanistic foundations of phytosomes, their preclinical efficacy 
across major cancer types, and innovations in formulation design. By 
synthesizing recent advances and challenges—from scalability to 
regulatory hurdles—this article aims to illuminate the path toward 
clinical translation, positioning phytosomes as a cornerstone of next-
generation, natural product-based oncology. 

Phytosome technology overview 

The technology of preparing complexes of standardized plant 
extracts or hydrophilic phytoconstituents with phospholipid 
molecules, in the most common cases—with phosphatydicholine—
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represents a modern trend in phytopharmaceuticals [11]. These 
complexes form lipid-compatible vesicular structures, as illustrated 
in fig. 1A, that encapsulate and enhance the bioavailability, lipid 
solubility and gastrointestinal solubility of the active compounds 
(see fig. 1A). Compared with traditional formulations, there are 
various advantages with this technology. First, it dramatically 
increases the bioavailability of phytoconstituents by making them 
more permissive to pass through lipid-rich biomembranes and into 
the bloodstream [12]. They increase the solubility of 
bacterioferritins in aqueous media, thereby protecting them from 
degradation in digestive fluids and intestinal microbes [13]. Second, 
such phytosomal complexes also prevent the degradation of 
phytochemicals to prevent improper drug delivery to target tissues. 
Third, phytosomes have better drug entrapment efficiency and 

stability because of the chemical bonds between the bioactive 
compounds and phospholipid molecules [14]. Furthermore, the drug 
complexation rates of phytosomes are relatively high, and 
phytosomes are fabricated in a simple and reproducible manner. 
Therefore, phytosomes enable the delivery of polar phytochemicals 
owing to their molecular complex versus bilayer vesicle structure, 
unlike liposomes [15]. As shown in fig. 1B, phytosomes have key 
applications and obvious advantages that could increase the 
therapeutic efficacy of phytochemicals. The unique structure of 
phytosomes and their benefits make phytosome technology an 
attractive platform for the development of 
phytosomepreparations for disease treatment, particularly for 
cancer, neurodegenerative disease, inflammation, diabetes, 
cardiovascular disease, etc. (table 1) [16]. 

 

 

Fig. 1: A) Structure of phytosomes [17]. B) highlights key applications and advantages of phytosomes 

 

Table 1: Comparative analysis of liposome and phytosome technologies in drug delivery: Structural, functional, and bioavailability 
differences with supporting references 

Aspect Liposomes Phytosomes References 
Structure Phospholipid bilayer surrounding an 

aqueous core 
Plant actives (e. g., flavonoids) chemically bonded to phospholipids 
(no core) 

[18] 

Encapsulation Hydrophilic (core) and hydrophobic 
(bilayer) compounds 

Covalent bonds between active ingredient and phospholipids [18] 

Bioavailability Improves solubility but variable absorption 
for some actives 

Enhanced absorption due to lipid-compatible structure (e. g., 5-10x 
curcumin) 

[19, 20] 

Applications Drugs (Doxil), vaccines (mRNA vaccines), 
nutraceuticals 

Herbal extracts (e. g., curcumin, silymarin) in supplements and 
cosmetics. 

[19] 

Stability Prone to oxidation, fusion, and leakage. More stable due to chemical bonding; resistant to GI degradation. [19, 20] 
Manufacturing Hydration, extrusion, or solvent-based 

methods. 
Reaction of actives with phospholipids (stoichiometric ratio). [19] 

Phospholipid 
content 

High phospholipid-to-drug ratio needed. Lower phospholipid content (1:1 or 1:2 ratio with actives). [20, 21] 

Examples Liposomal vitamin C, Doxorubicin (Doxil). Meriva® (curcumin), Siliphos® (silybin). [20] 

 

Key secondary metabolites in cancer 

Secondary metabolites have emerged as critical components of tumor 
progression, survival and therapeutic resistance traits in cancer 
metabolism [7]. Small molecules that are produced by cells through 
metabolic pathways that are not directly involved in growth or 

survival are called secondary metabolites, and they usually provide 
cells with the capacity to adapt and signal [22]. These metabolites, 
including lactate, succinate, fumarate, fatty acids and amino acid 
derivatives, are modulated in cancer cells, resulting in processes such 
as tumor cell proliferation, immune evasion, angiogenesis and 
metastasis. For example, lactate, a byproduct of glycolysis, 
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accumulates in the tumor microenvironment and affects how genes 
are expressed and how immune cell function, fatty acids, and fatty acid 
products support cell survival and invasion [23]. By understanding the 
roles of these metabolites in interactions with oncogenic pathways, 
novel diagnostic biomarkers and targeted therapies may be 
discovered that could alter the way cancers are treated [24]. 

Cancer metabolism has emerged as a critical area of research, with 
secondary metabolites playing a significant role in tumor 
progression, survival, and therapeutic resistance. These metabolites 

are also natural compounds, such as phenolics, alkaloids, and 
terpenoids or cannabinoids, that contribute to anticancer effects 
through different mechanisms. For example, phenolics induce 
apoptosis and inhibit angiogenesis, whereas alkaloids inhibit 
signaling pathways and induce apoptosis. Terpenoids exhibit anti-
inflammatory effects and modulate metabolic pathways, whereas 
cannabinoids inhibit tumor growth and induce apoptosis (fig. 2). 
Understanding these mechanisms presents an opportunity to pilot 
novel diagnostic biomarkers and targeted therapies, ultimately 
revolutionizing cancer treatment strategies. 

 

 

Fig. 2: Key secondary metabolites in cancer treatment 

 

Moreover, recent innovations in plant metabolomics have 
characterized the exhaustive profile of hundreds of secondary 
metabolites, allowing researchers to identify precise bioactive 
compounds and clarify their anticancer mechanism through high-
resolution mass spectrometry and NMR strategies [25]. Lipid-based 
transport arrangements, such as phytosomes, significantly improve 
flavonoid, terpenoid, and alkaloid solubility, durability, and cell 
consumption, thus increasing their curative index in preclinical 
cancer models [21]. Currently, paclitaxel and homoharringtonine, 
both of which were originally derived from plant secondary 
metabolites, are pillars in the chemotherapy regimen, whereas the 
use of curcumin and ingenolmebutatein clinical tests for solid 
tumors and skin tumors, respectively, continues to advance [26]. 
Mechanistically, these compounds suppress tumor growth by 
targeting important oncogenic pathways, including the 
PI3K/Akt/mTOR, MAPK/ERK, and NFB signaling pathways, thereby 
promoting apoptosis, the cell cycle, and barricade angiogenesis [27]. 
Furthermore, certain alkaloids, such as tetrandrine, have 
demonstrated multidrug resistance reversal properties by 

modulating efflux transporters and apoptotic regulators, 
underscoring their potential as adjuvants in combination therapies 
[28]. As the bioactive phytochemicals of grapevines grow, an 
integrated approach combining metabolomic screening, target 
bioassays, and nanocarrier formulation is proposed to accelerate the 
discovery and optimization of next-generation anticancer agents 
from secondary metabolites in plants [29]. 

Owing to their multifaceted pharmacological effects, plant secondary 
metabolites from multiple botanicals have strong anticancer effects 
[30]. These compounds fall into four main classes, flavonoids, 
terpenoids, alkaloids, and phenolics, each of which has a distinct 
mechanism of tumor control, ranging from oxidative stress 
transition to signal transduction [31]. The flavonoids quercetin, 
kaempferol, and rutin have been shown to inhibit apoptosis, block 
cell proliferation, and reduce metastatic dissemination by reducing 
PI3K/Akt and MAPK signaling [21]. A complete picture of their 
molecular structures, including those of cynaroside, astragalin, 
isorhamnetin 30-glucoside, quercetin, rutin, flavonol, phellopterin, 
bergapten, and isoquinoline, is shown in fig. 3 [32]. 

 

 

Fig. 3: Phytosome-based approaches to cancer treatment: chemical structures of phytoconstituents 
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The encapsulation of flavonoids in a phytosome carrier effectively 
increased the aqueous solubility, chemical toughness, and 
gastrointestinal absorption, which are important for improved 
systemic exposure [21]. Parallel studies revealed that terpenoids—
such as curcumin, betulinic acid, and ginsenoside Rg3—exert 
comprehensive antiproliferative and antiangiogenic actions across 
multiple cancer models [33]. The phytosome formulation further 
enhances the curative index of these terpenoids by improving their 
pharmacokinetic profile and tumor-specific transport [34]. 

Recent progress in plant metabolomics has led to high-resolution 
profiling of hundreds of secondary metabolites, accelerating the 
identification of new anticancer agents via mass spectrometry and 
NMR-based dereplication [35]. The evolution of this signature 
indicates that alkaloid subclasses, such as berberine, matrine, and 
vinca alkaloids, which are powerful modulators of MDR and 
apoptotic regulators, offer new opportunities for combination 
therapy [28]. Furthermore, integrative nanocarrier platforms that 
codeliver phytochemical blends alongside immunomodulators are 
under investigation for synergistic enhancement of tumor 
eradication and reduction in systemic side effects [36]. As 

formulation technologies evolve, the fusion of metabolomic insights 
with targeted delivery systems promises to usher in a new era of 
plant‑based precision oncology. 

The plant alkaloids berberine, dauricine, and vinblastine exhibit 
potent anticancer activities through trip program cell passage, cell 
cycle arrest, and the barricade autophagic persistence nerve 
pathway [37–39]. Phytosome-based delivery of these alkaloids 
significantly enhances their pharmacokinetic profile, resulting in 
significantly increased systemic bioavailability and curative 
exposure [21]. Similarly, phenolic phytochemicals, including 
resveratrol and itsdimethylated derivative pterostilbene, effectively 
suppress malignant cell proliferation and stimulate intrinsic 
apoptosis [40, 41]. The incorporation of these phenolic resins into 
phytosomal nanocarriers further enhances their solubility and cell 
consumption, thus enhancing the target tumor and minimizing 
undesirable side effects [42]. Recent preclinical and in vivo 
investigations have confirmed that phytosome‑encapsulated 
secondary metabolites exhibit superior antitumor efficacy across 
diverse cancer models, underscoring their translational promise [43, 
44].

 

Table 2: Cytotoxic activities of various compounds against cancer cell lines 

Compound/Class Source/Type Cancer cell line(s) IC₅₀ value(s) Notes Ref 
Isorhamnetin-3-O-
glucoside 

Flavonoid (Salsola 
oppositifolia) 

MCF-7 (breast) 18.2 μg/ml Potent activity against hormone-
dependent breast cancer cells. 

[45] 

Isorhamnetin-3-O-
rutinoside 

Flavonoid (Salsola 
oppositifolia) 

MCF-7 (breast), LNCaP 
(prostate) 

25.2 μg/ml (MCF-7), 
20.5 μg/ml (LNCaP) 

Effective against both breast and 
prostate cancer cell lines. 

[46] 

Methanol extract Flavonoid-rich extract 
(Cassia angustifolia) 

MCF-7 (breast) 4.0 μg/μl Demonstrated strong cytotoxicity. [47] 

Ethanol extract Flavonoid-rich extract 
(Cassia angustifolia) 

HeLa (cervical), MCF-7 
(breast) 

8.18 μg/μl (HeLa), 
8.79 μg/μl (MCF-7) 

Moderate cytotoxic effects. [48] 

Compound 3 Alkaloid-like 
compound 

Multiple (e. g., SK-MEL-
28, MOLT-4) 

1.8–7.8 μM Broad-spectrum activity across 
various cancer cell lines. 

[49] 

Lipojesaconitine Diterpenoid alkaloid MCF-7 (breast), A549 
(lung) 

6.7 μM (MCF-7), 7.3 
μM (A549) 

Notable cytotoxicity in breast and 
lung cancer cells. 

[50] 

Compound 3 (Buxus 
microphylla) 

Triterpenoid alkaloid MCF-7 (breast), A549 
(lung) 

4.51 μM (MCF-7), 
11.76 μM (A549) 

Selective cytotoxicity observed. [51] 

 

Exploring the anticancer potential of plant‑derived secondary 
metabolites across diverse tumor cell lines highlights their pivotal 
role in modern oncology drug discovery [26]. In in vitro 
IC₅₀assessment, flavonoids exhibit strong cytotoxicity against breast, 
lung, and hepatic carcinoma cells by disrupting the critical 
proliferation nerve pathway and causing cell cycle arrest [52]. 
Moreover, alkaloids exhibit potent apoptotic initiation and 
proliferation inhibition in a melanoma model via caspase‑dependent 
cascades [53]. These phytochemicals, as flexible scaffolds for 
targeted therapy, effectively suppress metastasis and angiogenesis 
while maintaining selectivity for malignant cells [27, 28]. These 
findings are supported by the IC₅₀ values presented in table 2, which 
highlight the strong effectiveness of these secondary metabolites 
across a range of cancer types. The variation in IC₅₀ values among 
different cell lines also suggests that secondary metabolites can be 
tailored to selectively target specific forms of cancer, thereby 
increasing the precision of oncological treatments [54]. 

Progress in dispensing arrangements, such as phytosomes, has 
significantly improved the bioavailability and curative value of 
secondary metabolites, facilitating excessive simplified consumption 
and prolonging their release within the tumor microenvironment [21]. 
Structure-guided optimization of flavonoid-derived functions has led 
to the evolution of analogs with improved pharmacokinetic profiles 
and target receptor affinities that propel the use of natural-product 
chemotherapeutics in the clinic [55]. Moreover, to increase the 
identification and rational design of fresh plant-derived anticancer 
agents, high-throughput screening channels should be integrated with 
computational docking methods, traditional phytochemistry methods 
and novel drug discovery methods [56–58]. 

Flavonoids, a multifaceted group of plant-derived secondary 
metabolites, exhibit a wide spectrum of curative properties that 
significantly contribute to human viability. The powerful antioxidant 

activity of these compounds neutralizes free radicals, thus protecting 
cell components from oxidative damage. This antioxidative capacity is 
complemented by its anti-inflammatory properties, which contribute 
to reducing the risk of vascular disorders by modulating the 
inflammatory nerve pathway [59]. Flavonoids in oncology have been 
shown to inhibit cancer cell proliferation and induce apoptosis, 
making them very useful agents for cancer prevention and therapy 
[60]. Moreover, their neuroprotective and cardioprotective effects are 
well documented, together with surveys that demonstrate their 
obligation to maintain nervous and cardiac tissues in opposition to 
different stress and injury conditions. Moreover, the antibacterial 
properties of flavonoids make them more powerful in fighting 
bacterial diseases, with a wide range of uses in medicine [61]. The 
categorization of secondary metabolites into classes such as alkaloids, 
flavonoids, terpenoids, and polyphenols is essential for understanding 
their specific curative potential in cancer therapy. This classification is 
represented in fig. 4, which shows the essential compounds in every 
group. In particular, the alkaloids vinblastine [62], vincristine [63], and 
camptothecin [64] have been detected for their potent anticancer 
activities. Vinblastine and vincristine act by disrupting the formation 
of microtubules, thus separating cells in metaphase from those 
undergoing apoptosis. Camptothecin, however, inhibits DNA 
topoisomerase I, resulting in DNA damage and subsequent cell death. 
These compounds exemplify the potential of plant-derived alkaloids in 
the development of effective anticancer therapies [65]. 

Flavonoids, such as apigenin, genistein, and kaempferol, are organic 
compounds found in various fruits and vegetables. These bioactive 
molecules have antioxidant and anti-inflammatory properties that 
contribute to their ability to inhibit cancer cell proliferation and induce 
apoptosis. The mechanism involves modulating essential cellular nerve 
pathways, including the PI3K/Akt and MAPK signaling cascades, leading 
to cell cycle progression and programmed death in cancer cells [66]. 
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Fig. 4: Overview of secondary metabolites and their classifications, including key compounds with anticancer properties 

 

In cancer prevention, terpenoids such as lycopene and gamma-
tocopherol play important roles. Lycopene, which is derived mainly 
from tomato, accumulates in prostate tissues and has been shown to 
suppress tumor evolution by suppressing angiogenesis and 
apoptosis in prostate and breast cancer cells. The gamma-tocopherol 
structure of vitamin E contributes to cancer prevention through its 
antioxidant effects, which reduce oxidative stress and inflammation, 
which are crucial for the progression of cancer [67]. 

Polyphenols such as curcumin, resveratrol, and epigallocatechin 
gallate (EGCG) have promising anticancer activities [68]. Curcumin, 
derived from turmeric, regulates a variety of molecular targets, 
including transcriptional and expansion factors, notably in the fight 
against tumor growth and metastasis. Resveratrol, which is 
produced from grapes and red wine, has anticancer effects through 
apoptosis and the inhibition of angiogenesis. EGG, a key catechin of 
green tea, inhibits tumor cell proliferation and apoptosis via the 
signal nerve pathway [69]. 

The bioavailability of these phytochemicals is typically restricted by 
their reduced solubility and firmness. To overcome this obstacle, 
sophisticated distribution frameworks for phytosomes have been 
developed. Phytosomes are complexes of phospholipids and 
phytoconstituents that increase the solubility, absorption, and 
curative efficiency of bioactive compounds [70]. Compared with its 
pure form, the phytosomal form of apigenin has demonstrated 
improved bioavailability and hepatoprotective properties [71]. 

In addition to phytosomes, nanoformulations such as liposomes, 
micelles, and nanoparticles have been developed to improve the 
delivery and efficiency of phytochemicals. These nanoparticles protect 
the active compound from degeneration, increase its stability, and 
facilitate target delivery to the tumor site, thus increasing its curative 
capacity [68]. EGCG-loaded nanoparticles in a prostate cancer model 
improved cell consumption and anticancer activity [69]. 

The secondary metabolites of medicinal plants, including alkaloids, 
flavonoids, and phenolic compounds, show significant anticancer 
activities. Vincristine and vinblastine interfere with the formation of 
mitotic spindles, which is essential for the detection and inhibition of 
metaphase progression. Flavonoids such as quercetin and curcumin 
facilitate apoptosis in a number of cancer cells, including prostate, 
breast, and melanoma cells, by modulating the central nervous system. 
Phenolic intensifiers, which are abundant in medicinal plants, have 
anticancer effects through their antioxidant and anti-inflammatory 
activities and support tumor suppression [72]. 

Aquatic algae are becoming increasingly important as valuable 
bioactive compounds with powerful anticancer uses, especially in 
treating lung cancer. For example, fucoidan, a sulfated 
polysaccharide derived from brown algae that prefers Sargassum 
fusiforme, has been demonstrated to induce apoptosis in lung cancer 
cells by modulating the mitochondrial nerve pathway and caspase 
activation [73]. Furthermore, compounds such as dieckol and 
phlorofucofuroeckol A from brown algae exhibit significant 
anticancer activities by suppressing cell migration and invasion as 
well as by inducing apoptosis in lung cancer cells [74]. These 
conclusions suggest a synergistic effect between marine bioactives 
and standard chemotherapeutic agents, promoting treatment 
efficacy and reducing side effects. 

In addition, marine microalgae prefer Dunaliella tertiolecta, which 
produces carotenoids identical to violaxanthin and has 

antiproliferative effects on breast cancer cell lines [75]. The various 
chemical compositions of marine algal compounds enable them to 
target several nerve pathways involved in tumor progression, 
including angiogenesis, apoptosis, and immune transition [76]. This 
multidisciplinary method not only enhances anticancer efficacy but 
also contributes to the fight against drug resistance, highlighting the 
importance of incorporating marine extracts into cancer therapy 
methods. 

Mechanism of action: phytosome-based enhancement of 
bioavailability 

Phytosomes, which significantly increase the bioavailability of plant 
bioactive compounds, have transformed the landscape of drug 
delivery structures. The present high-tech dispatch machines use 
phospholipid complexes that closely reproduce the architecture of 
the natural membrane, particularly the lipid bilayer [77]. The 
aforementioned complex facilitates efficient interactions with the 
cell membrane, primarily aimed at improving the absorption of 
phytochemicals in the Gl tract [78]. Phytosomes, as shown in fig. 5, 
are able to enter the cell membrane and facilitate the efficient 
transport of active compounds. They mimic the human body's 
cellular lipid structure and provide a protective shield against 
phytochemicals and harsh gastrointestinal conditions to ensure 
targeted transport to specific tissues [79]. In addition, phytosomes 
support the continuation of the durability and curative potential of 
the bioactive component throughout the delivery process by 
mimicking cell membrane activity [80]. This architectural change, 
which aims at improving the location and allocation of active 
molecules in sought-after areas, ultimately enhances curative 
efficacy [81]. 

The possibility of the use of phytosome-based formulations in the 
treatment of a wide range of chronic diseases has also been 
highlighted in recent surveys. Flavonoids, terpenoids, and alkaloids 
encapsulated in phytosomeshave shown promising results because 
of their current poor water solubility and minimal permeability, two 
major limitations of conventional herbal therapy. Increased 
bioavailability is related to increased pharmacokinetic efficiency and 
better clinical outcomes [82]. Moreover, phytosomes extend the 
targeted transition of the molecular nerve pathway involved in 
inflammation, oxidative stress, and cancer progression, including the 
PI3K/Akt and NF-B signaling cascades [83]. Furthermore, these 
frameworks present decreased systemic toxicity corresponding to 
their ability to guide curative agents, particularly in the treatment of 
the site, to minimize off-target effects [84]. As exploration 
progresses, phytosome tools are becoming increasingly modern 
platforms for personalized and correct medicine, especially in the 
formulation of next-generation herbal medicines. 

The modified phytochemical encapsulation of phytosomes results in 
increased resistance to Gl enzymes, decreased degeneration, and 
improved retention of active compounds in the small intestine [34]. 
This increase in firmness directly contributes to increased systemic 
robustness, ensuring prolonged circulation and bioactivity of the 
curative agent [85]. Phytosome formulations extend the half-life and 
function of phytochemicals below physiological conditions by 
protecting bioactive molecules from enzymatic dislocation and 
microbial metamorphosis [86]. Such systematic encapsulation 
contributes significantly to maintaining drug authority during 
gastrointestinal tract infection and maintains longer curative effects 
[87]. Compared with standard herbal infusions, phytosome 
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innovations significantly increase the number of phytochemicals 
absorbed in systemic circulation and thus increase pharmacologic 
efficiency [88]. The increased bioavailability provided by 
phytosomes has been demonstrated to increase clinical effects, as 
increased plasma concentrations of active ingredients translate into 
increased therapeutic response [89]. As a recent development in 

nanocarrier design, phytosome technology integrates protective 
lipid complexation with optimized delivery, which contributes to 
better drug distribution in the body. The present flexible delivery 
platform is an essential addition to the pharmacokinetic 
performance of a number of phytochemicals, confirming the promise 
of transforming botanical medicines [90]. 

 

 

Fig. 5: Mechanism of the involvement of phytosome-encapsulated secondary metabolites in enhancing cancer. © Copyright 2025 • Dove 
Medical Press Ltd. [21] 

 

Furthermore, phytosome encapsulation has been shown to increase 
the anticancer activity of secondary metabolites via a number of 
mechanisms, together with increased solubility and membrane 
permeability, which contributes to increased plasma bioactive 
concentrations [21]. Furthermore, the phospholipid-based carrier 
facilitates deep penetration into cancer cells, resulting in increased 
intracellular incorporation of the curative agent. This improved 
uptake enables a highly potent transition of a significant oncogenic 
nerve pathway, including NF-B and P|3K/AKT, which are 
fundamental to tumor cell resilience and proliferation [21]. By 
overcoming traditional bioavailability barriers, phytosome systems 
effectively target and inhibit these signaling cascades, leading to 
enhanced apoptotic induction and reduced cancer cell growth [91]. 

Anticance efficacy of phytosome-encapsulated metabolites 

Inhibition of cancer pathways 

Phytosome-encapsulated metabolites exhibit outstanding efficacy in 
suppressing key cancer nerve pathways and represent a significant 
increase over their unencapsulated counterparts. Research suggests 
that these formulations target essential oncogenic signaling 
cascades, including the NF-B and PI3K/AKT nerve pathways, which 
are essential for cancer cell proliferation, strength, and metastasis 
[21, 92]. The increased bioavailability obtained by phytosome 
encapsulation enables such bioactive compounds to reach high 
intracellular concentrations, allowing them to interact smoothly 
with their molecular targets in the confines of cancer cells [93]. 
Phytosome-encapsulated flavonoids and terpenoids have a more 
potent inhibitory effect on this nerve pathway, notably with a 
striking downregulation of the prosurvival protein and activation of 
the apoptotic mechanism in various cancer cells [94]. 

The molecular mechanism underlying the improved anticancer 
effects of phytosome formulations extends beyond better 

bioavailability to include enhanced cellular consumption and 
interaction with specific molecular targets[95]. The phospholipid 
component of phytosomes makes it easier to penetrate the cell 
membrane so that the encased material can be more concentrated 
inside the cell [96]. Moreover, phytosome encapsulation ensures that 
these bioactive molecules reach cancer cells in their integral, active 
form and continue their ability to modulate the oncogenic nerve 
pathway effectively [97]. Recent research has shown that phytosome-
encapsulated secondary metabolites can simultaneously target several 
cancer-related nerve pathways, offering a multitarget technique that 
may help to elucidate the compensatory mechanism commonly 
detected in cancer cells, leading to treatment resistance [98]. 

Enhanced antiproliferative effects 

The antiproliferative capacity of secondary metabolites is 
significantly enhanced when they are delivered via phytosome 
technology, as evidenced by numerous preclinical studies across 
various cancer models. A particularly striking demonstration 
method was derived from the analysis of Moringa oleifera leaf 
polyphenols encased in phytosomes (MoPs), which showed 
remarkable antiproliferative effects on the 4T1 breast cancer cell 
line. The study reported that MoP exhibited an inhibitory 
concentration (IC50) of 7.73±2.87 μg/ml, representing a dramatic 
improvement over nonencapsulated polyphenols (212.9±1.30 
μg/ml) and even outperforming the conventional chemotherapeutic 
agent doxorubicin (68.35±3.508 μg/ml) in the same model. This 
significant increase in potency, approximately 28-fold greater than 
that of the unencapsulated form, underlines the revolutionary 
potential of phytosome innovation to increase the anticancer 
properties of the plant compound [99]. 

To combine different factors beyond simple bioavailability, it may be 
impossible to detect superior antiproliferative effects detected by 
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phytosome-encapsulated metabolites [100]. Phytosome 
formulations have the ability to overcome several drug resistance 
mechanisms, which regularly limits the effectiveness of conventional 
anticancer agents [101]. The use of a single nerve pathway by 
phytosomes may bypass the outflow transporter admire P 
glycoprotein, allowing the encapsulated compound to spread inside 
immune cancer cells at curative concentrations [102]. Furthermore, 
phytosome encapsulation seems to improve the selectivity of these 
compounds for cancer cells above normal cells, as indicated by the 
enhanced selectivity index reported in several studies. The current 
improved selectivity contributes to a broader curative window, 
allowing for additional productive cancer cell targets during the 
minimization of side effects in healthy tissues, a crucial 
consideration for translating the above promising preclinical results 
into clinical applications [103]. 

Reduced side effects 

A significant advantage of phytosome-encapsulated metabolites in 
cancer treatment is their improved safety profile and reduced 
adverse effects compared with both conventional formulations of 
the same compounds and standard chemotherapeutic agents [104]. 
The increased bioavailability obtained by encapsulating phytosomes 
enables a powerful curative effect at a low dose, thus reducing the 
exposure to possibly harmful metabolites and minimizing dose-
dependent side effects [34]. This rule has been skillfully 
demonstrated in a study on CAT-encapsulated SMEDDS, a self-
microemulsifying drug transport organization, where the 
encapsulation of PF403 (a CAT3 metabolite) in the GI tract and 
plasma significantly reduced the coevals of PF403 (a CAT 
metabolite) in the Gl tract and plasma, significantly reducing 
gastrointestinal side effects as well as strong antiglioma effects 
[105]. This metamorphosis modification tactic demonstrates that 
the selective encapsulation of bioactive compounds can modify their 
pharmacokinetic profiles to increase their curative index [106]. 

Safety surveys on phytosome formulations have several motivating 
effects via several models. For example, acute toxicity assessment of 
Moringa oleifera polyphenol-loaded phytosomes in Swiss albino 
mice revealed that these phytosomes are safe at doses less than 
2000 mg/kg, suggesting a wide safety margin for clinical 
development [103]. The decreased toxicity of phytosome 
formulations may be attributed to a number of variables, including a 
more specific tissue target restricting the exposure of nontarget 
organs, safety against the formation of reactive, alternatively 
poisonous metabolites, and improved stability, which prevents the 
development of undesirable byproducts [107]. In cancer therapy, 
treatment-limiting toxicities regularly prevent patients from 
receiving an optimum curative dose or, alternatively, from 
completing complete treatment programs. The phytosome-
encapsulated metabolite has the potential to improve 
simultaneously life satisfaction and treatment effects in patients 
with cancer by allowing a more tolerable and renewable treatment 
regime [108]. 

Synthesis of phytosome containing secondary metabolites 

The phytosome formulation includes the incorporation of the 
bioactive plant component into a phospholipid-rich lipid matrix, 
which significantly enhances phytochemical bioavailability and 
molecular durability [19, 109]. The common manufacturing method 
consists of solvent vaporization, thin film hydration, and antisolvent 
precipitation methods, each of which is adapted to facilitate uniform 
and complex formation [110]. These procedures initiate the 
interaction between the hydrophilic molecule of the phytochemical 
and lipophilic composition of the phospholipid, forming a vesicular 
phytosome that is able to translocate the productive membrane 
[111]. The physicochemical characteristics of the target secondary 
metabolite, ensuring effective incorporation into the lipid 
architecture, determine the choice of the appropriate encapsulation 
system. To optimize phytosome efficacy, critical parameters such as 
the phospholipid‑to‑metabolite molar ratio, processing temperature, 
and mixing conditions are adjusted to maximize encapsulation 
efficiency and maintain bioactive potency [34]. The overall picture of 
the resulting phytosome nanoparticles, via vibrant light dispersal 
(DLS) for atom size distribution and zeta ability evaluation alongside 

scanning electron microscopy (SEM), confirms their firmness and 
suitability for curative applications [112, 113]. 

Phytosome technology has led to marked improvements in 
phytochemical bioavailability and therapeutic potency but faces 
inherent challenges in terms of physicochemical stability, industrial 
scalability, and manufacturing reproducibility [31, 114]. Ensuring 
long‑term stability requires optimized storage—ideally at 25 °C—and 
the incorporation of excipients such as surfactants, natural 
antioxidants, and cryoprotectants to inhibit lipid oxidation, prevent 
nanoparticle aggregation, and maintain vesicle integrity [115]. 
Transitioning from laboratories to large-scale development requires 
the acceptance of incessant management schemes, such as flow 
reactors and microfluidic media, which continue encapsulation 
productivity and nanoarchitecture under high-throughput conditions 
[85]. Capturing Calibers via Design Standard Ship Method Analytical 
technology enables real-time monitoring of important caliber 
attributes—particle size circulation, zeta power, and entrapment 
efficiency—to ensure consistency and performance throughout scale-
up. Ultimately, compliance with relevant standards, including top-
quality manufacturing practices, ICH Q8-Q10 guidelines, and country-
specific phytopharmaceutical legal acts enforced by authorities such as 
the US FDA and CDSCO, is essential for procuring safety, batch-to-
batch homogeneity, and trade mandates [87]. 

Future perspectives and directions 

The progress of phytosome-encapsulated metabolites in cancer 
therapy is poised to extend inside the clarity of oncology, together 
with the evolution of tendencies focused on custom formulations 
adapted to the human inherited profile, metabolism, or tumor 
microenvironments. Progress on multiomics techniques (e. g., 
metabolomics and proteomics) will enable the identification of fresh 
secondary metabolites and the optimization of phytosomal 
composition for synergies with the oncogenic nerve pathway. 
Scholars are examining hybrid dispatch structures that integrate 
phytosomes with stimuli-responsive nanoparticles, otherwise 
immune checkpoint inhibitors, to increase tumorigenic accretion 
and overcome drug resistance. 

Scalable manufacturing approaches, such as microfluidic synthesis 
and 3D-printed dose configurations, are already being developed to 
address new challenges in batch-to-batch variability and industrial 
manufacturing. Moreover, the design of phospholipid‒metabolite 
complexes with optimized firmness and release dynamics is 
accelerated by the use of a machine learning-driven molecular mold, 
which reduces the reliance on the experimental trial-and-error 
method. For the validation of the extended safety and standardized 
dose regimens for synthetic therapy in combination with traditional 
chemotherapeutics, future clinical trials are needed. 

Further promising preclinical data on neuroprotection, 
cardiometabolic disturbances, and antiaging interventions should be 
added to the scope of phytosome use beyond oncology. Theranostic 
phytosome developments, including imaging agents for real-time 
monitoring of therapy, represent a breakthrough in personalized 
medicine. As control standards for sophisticated 
phytopharmaceuticals, cooperation between nanotechnologists, 
pharmacists, and botanists will be essential to translate the above 
developments into clinically feasible treatments. 

CONCLUSION 

Phytosome technology has emerged as a revolutionary platform for 
the delivery of plant-derived secondary metabolites for cancer 
therapy, effectively overcoming the longstanding obstacles of 
insoluble solubility, rapid metamorphosis, and limited 
bioavailability, which hinders their clinical translation. These 
phytosomes not only improve the absorption and systemic exposure 
of important anticancer compounds, such as flavonoids, terpenoids, 
alkaloids, and phenolics, but also protect them from gastrointestinal 
and metabolic decline, thus maximizing their curative potential. 
Preclinical research has consistently shown that compared with 
their free counterparts, phytosome-encapsulated phytochemicals 
have superior antitumor activity, reduced systemic toxicity, and 
better pharmacokinetic profiles. Moreover, the integration of the 
phytosome machinery with advances in plant metabolomics and 
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nanocarrier frameworks will accelerate the design and optimization 
of bioactive compounds, paving the way for a precision oncology 
approach utilizing a multidisciplinary secondary metabolite 
mechanism. Owing to difficulties related to scalability, supervisory 
approval, and delays in clinical validation, this review highlights 
phytosomes as a cornerstone of next-generation, innate product-
based cancer therapy, contributing to a promising path toward safer, 
more powerful, and targeted cancer therapy. 
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