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ABSTRACT 
 

The significant progress in the field of anticancer research has spurred a growing interest in bioactive com-
pounds with potential pharmacological properties. One well-established challenge in utilizing these natural 
bioactives is their inherent low solubility, leading to limited bioavailability and difficulties in formulating 
effective drug delivery strategies to specific target sites. In response to this challenge, this review provides 
a comprehensive overview of the latest advancements in the development of innovative drug delivery sys-
tems. Our analysis focuses on published data related to key plant secondary metabolites known for their 
potent anticancer potential, specifically the flavone, isoflavone, and stilbene groups, which have been suc-
cessfully formulated using novel drug delivery systems. While the precise mechanisms of action for these 
selected natural compounds remain a subject of ongoing investigation, their anticancer effects are undeni-
able. Consequently, current research efforts are primarily dedicated to identifying these bioactive com-
pounds' most effective delivery systems. Recent studies aim to elucidate the exact mechanisms of action and 
therapeutic benefits of these compounds and address the crucial issue of designing suitable natural com-
pound delivery systems capable of efficiently transporting therapeutic doses to the intended target sites. 
This multifaceted approach underscores the ongoing commitment to advancing the field of anticancer re-
search and improving the delivery of bioactive compounds with promising anticancer potential. 
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INTRODUCTION 

Bioactive compounds derived from natural sources, 
such as plants, microorganisms, and animals, have 
played a vital role in traditional medicine for 
millennia. However, the practical application of these 
natural compounds is often hindered by challenges 
related to their limited oral bioavailability and 
restricted systemic distribution. Several physical, 

chemical, and metabolic factors influence these 
limitations, including solubility, susceptibility to 
degradation in gastrointestinal conditions (such as 
varying pH levels and enzymatic activity), brief 
residence time in the stomach, potential interactions 
with other nutrients, and absorption rates in the 
intestine [1, 2]. 

In the context of natural bioactive compounds with 
anticancer properties, their low bioavailability poses 
a significant obstacle to their effectiveness as 
anticancer therapies. Researchers are continually 
making strides in addressing this issue and have 
proposed various solutions. However, significant 
challenges remain. One promising avenue involves 
the incorporation of these bioactives into carriers, 
which offers a potential solution without altering 
their pharmacological properties through chemical 
modifications. One such promising approach involves 
the development of nanoparticle systems designed to 
encapsulate natural bioactive compounds. These 
nanoparticles can serve as protective vehicles, 
facilitating the safe transport of bioactives to their 
intended target sites within the body. This strategy 
holds considerable potential for overcoming the 
limitations associated with the bioavailability and 
systemic delivery of bioactive compounds of natural 
origin. This review seeks to provide an overview of 
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recent advancements in critical areas pertaining to 
the biomedical utilization of natural products with 
anticancer properties and the adoption of novel drug 
delivery systems as carriers for their efficient 
delivery. 

In recent anticancer research, a prominent focus has 
been on exploring the impact of phytochemicals on 
malignant cells and their potential to inhibit the 
growth and division of transformed cells. The 
understanding that exposure to certain natural 
compounds, whether through dietary sources or 
pharmaceuticals, can modulate, prevent, delay, or 
arrest the process of carcinogenesis has become a 
well-established approach in contemporary 
anticancer drug discovery. Plants, rich sources of 
primary and secondary metabolites with diverse 
properties, offer a vast array of possibilities for 
biomedical applications. Consequently, a significant 
proportion of crucial anticancer pharmaceuticals in 
use today are either derived from plant bioactives or 
are structurally related derivatives. The sheer 
complexity and diversity of natural plant compounds 
in terms of their structures and characteristics make 
it challenging to devise a concise classification 
scheme for their systematic presentation and 
evaluation. 

In accordance with existing literature [3, 4], this study 
categorizes plant bioactives based on their chemical 
structures into distinct major groups, including 
vitamins, polyunsaturated fatty acids, carotenoids, 
polyphenols, organosulfur compounds, selenium 
compounds, alkaloids, and miscellaneous 
compounds. Numerous representatives from these 
groups are undergoing comprehensive assessment in 
various in vitro and in vivo experiments to ascertain 
their potential anticancer properties [5-11]. For 
instance, garlic and its sulfur-containing compounds, 
such as diallyl disulfide, have demonstrated 
significant inhibitory effects on mammary cancer in 
animal models, notably rats, and have shown promise 
in suppressing the growth of human breast cancer 
cells. Furthermore, these effects were potentiated 
when selenium-enriched garlic or organoselenium 
compounds were introduced [6, 8, 9]. Similarly, several 
polyphenolic compounds have emerged as subjects of 
intense interest in the realm of anticancer research. 

Natural extracts with Pharmacological activity 

Green tea catechins, notably (-)-epigallocatechin-3-
gallate, are recognized as bioactive compounds with 
a multitude of beneficial effects on human health, 
including potential benefits in combating various 
cancers, heart disease, and liver disorders. These 
catechins have also demonstrated synergistic 
anticancer properties when combined with other 
anticancer pharmaceuticals or nonsteroidal anti-
inflammatory drugs (NSAIDs) when tested against 
different human cancer cell lines [10]. Alkaloids, a class 
of alkaline heterocyclic nitrogen-containing natural 
compounds, are among the abundant plant 

metabolites originally produced as toxic substances 
by plants but exhibiting significant anticancer 
potential in humans. Well-known alkaloids like 
vinblastine, topotecan, taxol, and vincristine are 
integral components of established clinical 
anticancer therapies. Moreover, alkaloids such as 
brucine, cryptolepine, or noscapine continue to be 
evaluated for their antineoplastic and apoptotic 
capabilities [11]. It's noteworthy that many of today's 
leading anticancer pharmaceuticals are either 
derived from plants or are closely related derivatives, 
and the quest for improved and more effective 
anticancer treatments remains ongoing. Plant-
derived compounds hold particular appeal as 
anticancer agents due to their natural availability, 
oral administration suitability (including dietary 
intake), generally well-tolerated nature, and non-
toxicity towards healthy cells (with some exceptions 
like cyanogenic glycosides, lectins, saponins, and 
taxanes). Nevertheless, the primary challenge in 
utilizing natural plant compounds as anticancer 
drugs lies in their limited success in clinical trials, 
primarily attributable to issues related to 
bioavailability, dosage, and delivery [12-14]. 

To enhance their bioavailability and anticancer 
efficacy, various drug delivery formulations have 
been developed, including nanosuspensions, 
nanoparticles (such as solid lipid nanoparticles, gold 
nanoparticles, and polymeric nanoparticles), 
liposomes, exosomes, niosomes, implants, and cell-
based systems [15-23]. These novel delivery systems 
substantially improve active agent delivery by 
enhancing targeting capabilities, bioavailability, 
intracellular concentration, stability, and efficacy 
while concurrently mitigating toxicity and adverse 
side effects. The polyphenol group, a diverse class of 
plant secondary metabolites, exhibits remarkable 
anticancer potential attributed to their unique 
biological properties, including antioxidant activity, 
inhibition of cancer cell growth, proapoptotic effects, 
and cytotoxicity [14]. Prominent members of this 
group, such as flavonoids, tannins, curcumin, 
resveratrol, and gallocatechin, have garnered 
significant attention in anticancer research [10, 17, 19, 24-

26]. 

For instance, curcumin, derived from turmeric, has 
gained widespread recognition not only as a culinary 
spice but also as one of the most extensively 
investigated polyphenolic compounds in recent 
anticancer research. It has demonstrated cytotoxicity 
against various cancer types, including hepatoma, 
breast cancer, lung cancer, prostate cancer, 
melanoma, neck and head cancers, and more [27-30]. 
Another well-known polyphenol, resveratrol, is 
studied both in isolation and in combination with 
other bioactive compounds and chemotherapeutics 
due to its synergistic chemopreventive potential in 
cancer. In this review, we have selected several 
intriguing representatives from the polyphenol 
group, including quercetin, genistein, curcumin, and 
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resveratrol, and examined current published data 
regarding their encapsulation in nanoparticles or 
exosomes for their anticancer properties. While the 
exact mechanisms of action for these four compounds 
remain to be fully elucidated, their described 
anticancer effects are likely attributable to their 
modulation of cellular and signaling pathways, 
transcription factors, proteins, enzymes, and growth 
factors. 

Novel bioactive delivery systems 

Recent advances in nanoparticle (NP) formulations 
have emerged as a promising strategy to enhance the 
bioavailability and specific localization of bioactive 
natural compounds within tumor sites [31]. Moreover, 
the versatility of NP design allows for the 
incorporation of various materials and structures, 
enabling controlled and targeted drug delivery while 
improving bioavailability and pharmacokinetics [32]. 
Nanoparticles, owing to their diminutive size, offer an 
extensive surface area, which can augment solubility, 
elevate bioavailability, enhance stability by 
safeguarding the active substance from enzymatic 
degradation, and prolong circulation time [34]. 
Nanoparticles typically involve the loading of active 
compounds into different matrices or encapsulating 
them within cavities, resulting in particles ranging 
from 1 to 1000 nanometers in size [35]. These 
Nanoparticles can encompass distinct components, 
including core constituents, therapeutic molecules, 
and surface modifiers for precise targeting [36]. The 
ability to create nanoparticles as both matrix-type 
particles (nanospheres) and cavity-loaded particles 
(nanocapsules) adds another dimension to drug 
design [37]. Various materials have been employed in 
NP production, including inorganic (metal-based or 
silicon-based), polymeric (such as polyesters, 
polysaccharides, and proteins), and lipid materials, 
with recent research exploring combinations of these 
materials [38]. Numerous bioactive polyphenols have 
already been successfully formulated into 
Nanoparticles, and ongoing research continues to 
expand this area. This review focuses on the most 
extensively investigated bioactive compounds that 
have been incorporated into NP formulations and 
assessed for their anticancer potential. 

Curcumin, renowned for its anticancer and 
antioxidative properties, has garnered significant 
attention. Most NP formulations containing curcumin 
utilize biodegradable polymers and copolymers like 
chitosan, lipid nanosystems, MPEG-PCL copolymers, 
and PLGA. Additionally, hybrid inorganic-organic 
Nanoparticles have been explored, incorporating 
silver-containing micelles within polymers. 
Resveratrol-containing NP formulations are 
primarily based on biodegradable polymers like PEG-
PLA systems and lipid nanosystems. However, 
resveratrol has also been studied in the context of 
anticancer activity after incorporation into inorganic 
mesoporous silica [39]. Strategies involving ligand 
attachment have been proposed to enhance the 

targeted delivery of resveratrol, such as attaching 
folic acid to target folate receptors [40] or employing 
the biotin-avidin system for improved targeting [41]. 
Quercetin-loaded Nanoparticles have mainly been 
designed to target breast cancer. These formulations 
have utilized various polymer assemblies, including 
PLA, PLGA, DSPE-PEG2000, and modified FITCDSPE-
PEG2000. Targeted delivery has also been achieved 
by incorporating folic acid as a component in both 
inorganic silica particles and biodegradable polymers 
to target folate receptors [42]. Hyaluronic acid has 
been employed as it binds specifically to CD44, a 
glycoprotein overexpressed on the surface of various 
tumor cells [43]. Efforts have been made to target 
folate receptor-positive carcinomas with 
Nanoparticles containing genistein, which have been 
investigated for their activity in cervical carcinoma 
HeLa cell lines [45]. Additionally, attempts have been 
made to harness the anticancer potential of a 
combination of genistein and curcumin within 
nanostructured lipid carriers, particularly in prostate 
cancer cell lines [46]. 

Current trends and futuristic approaches 

Cancer remains a major global health challenge, 
characterized by significant morbidity and mortality 
rates. Conventional anticancer treatments such as 
surgery, chemotherapy, and radiotherapy often entail 
high risks of poor outcomes, treatment 
unresponsiveness, relapse, or the development of 
drug resistance. Therefore, there is an urgent need 
for innovative modalities and approaches that can 
enhance treatment efficacy while minimizing adverse 
effects. Natural compounds derived from plants offer 
promise as potential anticancer agents, harnessing 
their synergistic protective effects through various 
mechanisms of action when combined with 
established anticancer drugs. These natural 
compounds possess both distinct advantages and 
challenges. Their pleiotropy, stemming from their 
ability to activate multiple biochemical pathways, is a 
significant asset. However, their low bioavailability 
presents a substantial limitation, resulting in 
insufficient plasma concentrations to elicit an 
anticancer response. The complexity increases when 
considering that low doses of these natural 
compounds, when consumed in conjunction with 
other plant-based compounds, can exhibit synergistic 
anticancer effects [47-52]. Consequently, predicting 
clinical outcomes following the administration of 
natural bioactive compounds remains a formidable 
task. For instance, while curcumin has garnered 
substantial scientific interest in recent years, its 
therapeutic effects remain somewhat elusive, often 
attributed to its low bioavailability. Hence, current 
research endeavors are not solely aimed at 
unraveling the precise mechanisms of action and 
potential therapeutic benefits but also at developing 
delivery systems capable of transporting adequate 
doses of bioactive compounds to their intended 
targets [53-58]. 
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Currently, nanoparticles hold a prominent position in 
the quest for suitable drug delivery systems. 
However, earlier research has raised concerns 
regarding Nanoparticles, highlighting limitations 
such as complex manufacturing processes leading to 
elevated formulation costs, the use of toxic solvents 
and polyvinyl alcohol as stabilizers, potential 
immune responses, allergic reactions upon 
administration, and the possibility of incorporated 
drugs forming covalent bonds with NP polymers [59-

64]. Moreover, toxicity concerns have emerged as a 
primary drawback associated with many synthetic 
nanoparticles. These challenges have prompted a 
growing interest in exosomes, naturally-derived 
nanoparticles, which appear promising for drug 
delivery. Nevertheless, the application of advanced 
formulations faces additional considerations, 
including scalability issues due to physical and 
chemical instability, material costs, the need for 
specialized equipment, and a skilled workforce in 
large-scale production [65-70]. These factors 
underscore the multifaceted nature of the pursuit of 
improved anticancer therapies and underscore the 
importance of addressing both therapeutic efficacy 
and safety in the development of novel drug delivery 
systems [70-85]. 

CONCLUSION 

Despite the promising outcomes observed in 
experimental studies, including in vitro 
investigations and in vivo animal trials, our 
knowledge regarding the loading of specific drug 
delivery systems with drugs and their design as 
viable pharmaceutical formulations for human in 
vivo applications remains limited. As we move 
forward, future research endeavors will determine 
whether these challenges can be effectively 
surmounted. Additionally, this research will identify 
which types of delivery systems and natural bioactive 
compounds possess the requisite properties to 
potentially emerge as the next generation of 
innovative anticancer or antiviral agents. 
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