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Abstract

Cancer is the greatest cause of mortality worldwide. Various drug classes treat various cancers.
Nanoformulations made from natural sources are being studied for treating several diseases, including
cancer. Surgery, chemotherapy, immunotherapy, and radiation have mostly failed to treat cancer. These
drugs may damage quickly dividing healthy tissues, structural anomalies, bodily toxicity, long-term side
effects, tumor cell drug resistance, and psychiatric disturbances. Researchers are developing nanoscale
medicines using natural medications like Malva sylvestris and Curcumin to lower concentrations and
improve target specificity. Nanoparticles’ small size and unique properties make them beneficial. They
encapsulate medicinal ingredients, improving solubility, medication release, cellular absorption, and
delivery. Nanoparticles may better identify and bind to cancer cells when functionalized with ligands.
Natural chemicals and nanotechnology may improve medication availability, distribution, and targeting to
cancer cells, making cancer treatments more effective and safe. Nanomedicine, which employs
nanoparticles to treat cancer and malignant cells, has grown rapidly because nanodrugs are more effective
and have fewer side effects than current commercial cancer drugs. Nanotechnology-based natural
chemicals and pharmaceutical delivery methods for cancer therapy are covered in this review article. The
paper discusses nanoparticle pros and cons and natural chemicals’ cancer-fighting appeal.
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Graphical abstract. Herbal based nanoparticles for cancer treatment

Introduction

Cancer is the second greatest cause of death worldwide, a significant public health concern, and one of the
most common causes of illness and mortality overall [1]. The International Agency for Research on Cancer
(IARC) has performed a comprehensive survey in 185 countries, including all age groups, sex categories,
and 36 kinds of malignancies. The purpose of this study was to create a worldwide cancer burden database,
which includes data on cancer incidences and cancer mortalities [2]. The data is sufficiently concerning to
warrant a search for novel therapies that can surpass traditional treatments [3]. Cancer is caused by
damage of genes which control the growth and division of cells. Genes carry the instructions for basic
functions of cells [4]. Blood is needed for cancerous cells to proliferate. It is possible to treat cancer by
eliminating it, interrupting the blood flow to the cells, or changing the genes that cause the damage
verifying the cell development allows for detection and diagnosis. As such, the required instruments need
to be very sensitive [5]. Despite several advancements in cancer therapy throughout history, the increasing
number of instances highlights the need for a more profound comprehension and the development of novel
therapeutic agents or the modification of current treatments to effectively manage the prevalence of the
illness [2, 6]. Researchers and scientists are hoping to use nanotechnology to develop therapeutic
compounds that target particular cells and release the toxin in a controlled, time-released [5, 7].
Nanotechnology is gaining global recognition as an essential component of biomedical research, specifically
focused on cancer theranostics. Nano-formulations possess distinct characteristics such as a customizable
surface and a significant surface area-to-volume ratio [8]. This technique enables the effective absorption
and encapsulation of medicinal agents, such as phytochemicals, for targeted medication administration or
passive distribution. In addition, these nanoformulations minimize the risk of causing harm to the whole
body and improve the capacity of the drug to be absorbed and released at the intended location. Examples
of carrier systems often used include liposomes, polymeric nanoparticles (NPs), and polymeric micelles [9].
Developing single agents with the dual capabilities of cancer detection and therapeutic delivery is the main
goal. The NPs will travel throughout the body, identify molecular alterations linked to cancer, help with
imaging, release a therapeutic substance, and then track how well the intervention is working [8, 10]. It is
possible to diagnose, cure, and confirm the growth of the cells. The destructive mechanism of the genes can
be corrected, the blood supply to the cells can be cut off, or the cells can be destroyed. X-rays, CT scans, and
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MRIs are used to observe the physical growth or changes in the organ [11]. A biopsy using cell culture is
used to confirm the diagnosis of cancer [5]. Due to the fact that cells are only a few microns in size and NPs
are few nanometers in size, NP can penetrate cells and access DNA genes, potentially enabling the detection
of gene defects [12]. Radiation therapy, chemotherapy, and surgery are the standard cancer treatment
choices. In nanotechnology, certain NPs can be engineered to selectively absorb specific wavelengths of
radiation, which, if they penetrate malignant cells, will cause them to burn [13]. Therapeutic agents that
target particular cells and deliver toxins to kill them can be created using nanotechnology [14].

Most people agree that cancer is a genetic disease that develops on its own cells and is caused by
changes to the oncogene, tumor-suppressor, and genome-stability genes. But immunity, the stroma, and the
tumor-cell microenvironment all play significant roles in cancer. Indeed, cancer cells must overcome both
intrinsic (cell autonomous) and extrinsic (immune induced) hurdles to oncogenesis in order to progress to
full-blown neoplasia. Tumor cells can only spread and ultimately destroy their host when they are able to
subvert immune regulation [15, 16]. Consequently, the notion that the immune system influences the
development of tumors in humans is supported by the higher incidence of certain solid tumors in
immunocompromised patients, reports of spontaneous tumor regression, and the favorable prognostic
effect of tumor-specific cytotoxic T lymphocytes (CTLs) or antibodies [17-19]. The NP will move
throughout the body, identify molecular alterations linked to cancer, help with imaging, release a
therapeutic substance, and then track how well the intervention is working [20]. In modern times,
healthcare experts are seeking inspiration from traditional medicine to enhance the current treatment
approaches by integrating herbal expertise with technology [21]. Herbal medicine, also known as
phytomedicine, utilizes bioactive compounds obtained from plants/herbs to enhance overall health and
wellness [22, 23]. Strong anticancer agents have historically been found in nature. These include the vinca
alkaloids vincristine (VCR), vinblastine, vindesine, vinorelbine, taxanes paclitaxel (PTX), docetaxel,
podophyllotoxin and its derivatives etoposide (ETP), teniposide, and a number of other medications that
are derived from plants and that the US Food and Drug Administration (US FDA) has approved for use in
cancer therapy [10]. Over thirty naturally occurring chemicals originating from plants have been found and
are currently undergoing clinical trials. Additional plant-derived chemicals that are presently being studied
include combretastatin A4, homoharringtonine, f-lapachone, and flavopiridol. Synthetic flavone
flavopiridol is made from the plant alkaloid rohitukine, which was extracted from Amoora rohituka’s leaves
and stems and then from Dysoxylum binectariferum. An inhibitor of cyclin-dependent kinase is flavopiridol
[24-26]. This study focuses on novel plant-derived medicinal chemicals that have been shown in clinical
studies to be effective in treating a variety of cancers [27].

Phytoconstituents for the treatment of cancer

Presently, more than half of all anticancer medications licensed by the US FDA have natural origins, and
more than 60% of all medications undergoing clinical trials for cancer have natural origins. Epidemiological
research indicates that eating a diet high in phytochemicals, which includes fruits and vegetables, may
lower one’s chance of developing cancer [11]. High concentrations of a wide variety of phytochemicals can
be found in both fresh and processed fruits and food products. Polyphenols, which include anthocyanins
and other flavonoids, hydrolysable tannins (ellagitannins and gallotannins), condensed tannins
(proanthocyanidins), and other tannins, make up a significant component of these phytochemicals.
Antioxidant is one of the proposed mechanisms by which polyphenols have anticancer effects [28].

One cannot undervalue the impact of natural ingredients on the development of anticancer drugs [29].
About 60% of all medications presently undergoing clinical trials for various cancers are either natural
products, compounds derived from natural products, pharmacophores derived from active natural
products, or “old medicines in new clothing”, indicating that natural compounds that have been altered
have been connected to the targeting system [30]. We analyze almost 200 researches that looked at the
connection between eating fruits and vegetables and malignancies of the breast, colon, lung, cervix,
esophagus, stomach, bladder, pancreas, and ovary [31].
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Human-consumed plants have thousands of phenolic chemicals in them. Due to dietary polyphenols’
potential anticarcinogenic and antioxidant properties, their effects are currently of great interest [6].
Dietary polyphenols are thought to be anticarcinogens since they are antioxidants, yet there isn’t enough
concrete proof to support this theory. The inhibitory effects of phenolic acids and their derivatives, tea and
catechins, isoflavones and soy preparations, quercetin (QC) and other flavonoids, resveratrol, and lignans
on cancer are reviewed in this chapter along with the processes underlying them, based on investigations

conducted in vitro and in vivo [32]. By altering the molecular processes at the beginning, promotion, and
advancement phases of carcinogenesis, polyphenols may prevent it from occurring. Through their effects
on estrogen-related activities, isoflavones and lignans may have an impact on the growth of tumors.
Because the biological activity is determined by the tissue levels of the beneficial chemicals, there is a great
deal of discussion over the bioavailability of dietary polyphenols [33]. Some recently used plants for cancer
treatment summarized in Table 1.

Table 1. Comprehensive detail of some recently used plants for the treatment of cancer

Name of plant with Plant part Formulation type Cell line/Animal model  Type of cancer Reference
family used
Malva sylvestris L. Leaves AgNPs RCC-JW (KTCTL-195), Renal cell carcinoma [34]
(Malvaceae) RCC-GH, CaKi-2,
HEK293 cell lines and
HUVEC cell line
Hedra helix (Araliaceae) Leaves AuNPs MCF-7 and MDA-MB-231 Cytotoxic activities [35]
Senna alexandrina
(Fabaceae)
Thyme vulgaris
(Lamiaceae)
Tribulus terrestris
(Zygophyllaceae)
Mellissa officinalis Leaf Herbal NPs HUVEC cell line Human lung cancer  [36]
(Lamiaceae)
Platycodon grandiflorum Dried radix Lipid-polymer NPs Mice (BALB/c) 4T1 tumor- Breast cancer [37]
[Jacq.] A. DC and bearing mice
rhizome
(Campanulaceae)
Curcuma zedoaria
[Berg.] Rosc
(Zingiberaceae)
Curcuma longa Rhizome AgNPs HT-29 cell line Human colon cancer [38]
(Zingiberaceae)
Curcuma aromatic
(Zingiberaceae)
Curcuma caesia
(Zingiberaceae)
Rosmarinus officinalis Leaves Palladium NPs, SW480 and LS180 cell Human colorectal [39]
(Lamiaceae) platinum NPs, line cancer
: : bimetallic (palladium +
Ginseng (Araliaceae) Roots platinum) NPs
Ammi visnaga Entire plant AgNPs Hela cell line Anticancer activity [40]
(Apiaceae)
Artemisinin Niosomal NPs SW480 Colorectal cancer [41]
(Asteraceae)
Mangifera indica Peel AuNPs MDA-MB-231/female Breast cancer [42]
(Anacardiaceae) mice
Catharanthus roseus Leaves AgNPs Human liver cancer Hepatocellular [43]
(Apocynaceae) (HepG2) cells carcinoma (HCC) or
liver cancer
Berberis thunbergii Leaf AgNPs PANC-1, AsPC-1, and Human pancreatic [44]
. MIA PaCa-2 cancer
(Berberidaceae)
Salvia miltiorrhiza Root Lipid-polymer hybrid 4T1 breast cancer tumor- Breast cancer [45, 46]

(Lamiaceae)

NPs

bearing nude mouse
model

AgNPs: Silver nanoparticles
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Phytoconstituents based NPs for cancer treatment

NPs are described as particles having a single dimension of less than 100 nm with special characteristics
that are often absent from bulk samples of the same substance. NPs can be categorized as 0D, 1D, 2D, or 3D
depending on their general shape [47]. The fundamental structure of NPs is composed of three layers: the
surface layer, the shell layer, and the core, which is commonly referred to as the NP itself and is essentially
the central section of the NP. This basic composition is highly complex. Due to their remarkable
characteristics, such as high surface-to-volume ratio, dissimilarity, sub-micron size, and improved targeting
mechanism, these materials have become increasingly significant in interdisciplinary sciences [48].

According to research, NPs can penetrate deep into tissues, increasing their permeability and retention
capacity. Furthermore, the properties of the surface influence bioavailability and half-life by efficiently
overcoming epithelial fenestration. As an illustration, NPs coated with the hydrophilic polymer
polyethylene glycol (PEG) reduce opsonization and evade T cell clearance [49]. Furthermore, by adjusting
the properties of particle polymers, it is feasible to maximize the rate of drug or active moiety release. In
managing and treating cancer, the unique characteristics of NPs work together to control their therapeutic
effect. In the last twenty years, a large number of therapies based on NPs have been released onto the
market to help treat cancer [50]. New potential for the production of NPs for a variety of therapeutic
applications have been made possible by developments in nanotechnology and a growing awareness of the
significance of NP features (size, shape, and surface qualities) for biological interactions at the molecular
level applications [51]. The field of cancer diagnosis and treatment could undergo a revolution thanks to
nanotechnology. Because tumor angiogenesis is poorly regulated, a tumor is frequently linked with a faulty,
leaky vascular architecture. An appropriately engineered nanoparticulate system that enables passive
targeting and allows nanocarriers filled with cytotoxic chemicals to build up in the tumor tissues will
benefit from this EPR phenomenon [52]. Drugs and drug delivery methods with modifications based on
nanotechnology are being employed to treat cancer more and more frequently, with some even finding
successful clinical applications. Improved cancer detection, more effective medication delivery to tumor
cells, and molecularly tailored cancer therapy that enhances cancer patients’ therapeutic management is all
possible with nanotechnology [53, 54]. Currently, a lot of researchers are more interested in plant-based
medicine delivery that uses nanotechnology to reach the tumor location more deeply. Because of their
improved solubility and hence bioavailability, site-specific targetability, decreased toxicities, and possible
synergistic efficacy against various neoplasms, nanoparticulate systems present a viable platform for
efficient phytoconstitutional administration [55]. Among various anticancer plants few plant based NPs are
depicted in Figure 1.

Type of NPs used with phytoconstituents for cancer treatment
Organic NPs
Polymeric NPs

It is generally known that polymeric NPs (PNPs) are “colloidal macromolecules” with a particular structural
architecture made of several monomers [28]. Synthetic and natural polymers are utilized to prepare
polymer NPs, which constitute a substantial class of drug delivery vehicles [48]. Polymer NPs are a versatile
delivery system for a wide range of compounds, including as tiny chemicals, proteins, genes, and
chemotherapeutic medicines. Poly (alkyl cyanoacrylate) (PACA), poly-caprolactone (PCL), polyanhydrides,
polyethyleneimine (PEI), chitosan, gelatin, and polylactic acid (PLA) are just a few of the polymer NPs that
are being studied in the lab. To accomplish controlled drug release in the target, the drug is either
encapsulated or bonded to the exterior of NPs, forming a nanosphere or a nanocapsule [30, 56].

In recent Ginsenoside Rg5, a triterpene saponin derived from the herbal ginseng plant, has been shown
recently to be among the most effective anticancer medications against several types of carcinoma cells.
Rg5’s poor bioavailability, nontargeted administration, and low solubility in water, however, limit its
therapeutic potential. In order to increase Rg5’s therapeutic efficacy and tumor targetability, researchers
created folic acid (FA) modified bovine serum albumin (BSA) NPs (FA-Rg5-BSA NPs) [57].
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Figure 1. Different types of nanoparticles from various plant sources for the treatment of cancer

For the oral delivery of QC, polymeric nanoparticulate systems from PLGA-TPGS (Qu-NPs) were used,
and the anticancer impact of this formulation on TNBC was assessed both in vitro and in vivo. Qu-NPs have
a good drug loading capacity (8.1 = 0.4%) and a homogeneous spherical morphology, with a mean diameter
of 198.4 + 7.8 nm. Additionally, Qu-NPs showed noticeably better inhibition of TNBC cell growth and
metastasis. After oral gavage, 4T1-bearing mice showed a strong anticancer impact of Qu-NPs with a tumor
inhibition ratio of 67.88% and fewer lung metastatic colonies [58].

To combat breast cancer cells, Kumari et al. [59] created NPs of curcumin and PGMD (poly-glycerol-
malic acid-dodecanedioic acid). NPs with an entrapment efficiency range of 75-81% were synthesized by
combining two different ratios of PGMD polymer with curcumin: CUR NP 7:3 and CUR NP 6:4. The MCF 7
and MDA-MB-231 breast cancer lines were used for the scratch test and in vitro anticancer activities. At 48
hours, the CUR NP 7:3 and CUR NP 6:4 nanoformulations each had an IC50 of 40.2 uM and 33.6 uM,
respectively, in the MCF-7 cell line; in the MDA-MB-231 cell line, the corresponding values were 43.4 uM
and 30.5 pM. Assays using acridine orange/EtBr and DAPI labeling revealed apoptotic characteristics and
nuclear abnormalities in the cells that were treated. Western blot study further supported this by showing
that curcumin has a function in apoptosis via upregulation of caspase 9 [59].

Solid lipid NPs (SLN)

These are phospholipid monolayer, emulsifier, and water-based colloidal nanocarriers, with a size range of
1-100 nm. These are referred to as nanomaterials with zero dimensions. Triglycerides, fatty acids, waxes,
steroids, and PEG are examples of the lipid component [31]. Lipids have been proposed as an alternate
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carrier to circumvent these drawbacks of polymeric NPs, especially for lipophilic drugs. SLNs are a class of
lipid NPs that are gaining a lot of attention from formulators all over the world [32].

The cancer burden is rising rapidly worldwide, and it annually causes about 8.8 million deaths
worldwide. Due to chemical drugs’ side effects and the emergence of resistance, the development of new
green drugs has received much attention. We aimed to investigate whether solid-lipid NPs containing
essential oil of Zataria multiflora (ZMSLN) enhanced the anticancer efficacy of the essential oil against
breast cancer (MDA-MB-468) and melanoma (A-375) cells [60].

Studies on podophyllotoxin-based SLNs with epidermal targeting mechanisms have also been
published. The findings showed that podophyllotoxin-based SLN preparations aided in drug penetration via
the stratum corneum and hair follicle routes [61].

To target HT-29 cells for the therapy of colon cancer, the generated SLNs were further conjugated with
FA. Even after coating chitosan on the surface of SLN, the optimization method yields the least amount of
particle size (174 + 5 nm). When compared to the uncoated formulation (25 pg mL™), the chitosan-coated
formulation shows greater cytotoxicity against HT-29 cells at a dosage of 10 ug mL™%. The medication is
delivered by folate receptor-mediated endocytosis, which may be the cause of the increased cytotoxicity in
FA conjugation. The techniques of western blot and fluorescence labeling were employed to verify the high-
affinity binding of the folate receptor. The enhanced drug absorption and death in Ht29 cells are revisited
with the aid of flow cytometry [3].

Liposomes

These are spherical vesicles that contain pharmacological molecules encapsulated in phospholipids, which
can be either unilamellar or multilamellar [62]. Liposomes have distinctive properties, including minimal
intrinsic toxicity, minimal immunogenicity, and biological inertness [63]. Following its description in 1965,
the first closed bilayer phospholipid structures, known as liposomes, were quickly suggested as methods of
delivering drugs. Significant technological advancements including remote drug loading, extrusion for
homogeneous size, long-circulating (PEGylated) liposomes, triggered release liposomes, liposomes
containing nucleic acid polymers, ligand-targeted liposomes, and liposomes containing drug combinations
were made possible by the groundbreaking work of innumerable liposome researchers over the course of
nearly five decades [64]. Because of their increased anti-tumor efficaciousness and improved absorption,
liposomes offer a great vehicle for the administration of drugs including doxorubicin (Dox), PTX, and
nucleic acid [65].

Liposomal-based phytochemical formulations have become more and more popular in recent years.
Deshmukh et al. [66] employed chitosan and lecithin in an electrostatic deposition-assisted film hydration
method to form a liposomal nanosystem that protected the flavone chrysin, also called 5,7-
dihydroxyflavone, which is present in passion flowers, honey, propolis, Passiflora caerulea and Passiflora
incarnata, and Oroxylum indicum, within the nanolipoidal shell [66].

This study investigates the effects of liposomal NP-delivered QC on the metabolism of mycophenolic
acid (MPA) in combination therapy (impeding MPA metabolic rate). Both QC liposome NPs (QC-LNPs) and
MPA liposome NPs (MPA-LNPs) were produced separately and thoroughly described. MPA-LNPs and QC-
LNPs that were produced were measured to have sizes of 183 + 13 and 157 * 09.8, respectively [67].

Dendrimers

Spherical polymeric macromolecules with a well-defined hyperbranched topology are called dendrimers.
Dendrimers are characterized by highly branching architectures [68]. Dendrimers typically have a size
between 1 nm and 10 nm. Still, the size could be as much as 15 nm. A path to synthetic target molecules
with spherical shapes, distinct surface chemistries, and sizes that correspond to virus particles is provided
by the dendrimer chemistry described. The biggest aim is a generation 13 dendrimer made up of triazines
connected by diamines, which is stable in the presence of additives and at different concentrations, pH
levels, temperatures, and solvent polarity ranges [69].
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A family of structurally defined macromolecules known as dendrimers has a central core, a high-
density exterior that is terminated with surface functional groups, and a low-density inner made up of
repeating branching units. Unlike their polymeric cousins, dendrimers are symmetrically structured and
nanoscale particles that can be mass-produced in a reproducible manner using monodispersity technology
[70].

For targeted applications, ursolic acid and FA were coupled with PAMAM dendrimer. The FA improves
cellular absorption by targeting the folate receptor from HepG2 cells. The PAMAM dendrimer facilitates the
cytotoxic action of ursolic acid and exhibits electrostatic absorptive qualities that assist attract HepG2 cells.
PAMAM dendrimer is a potentially useful carrier for the targeted delivery of phytochemicals [71].

Nanoemulsions

Colloidal NPs with heterogeneous mixes of an oil droplet in aqueous media with a diameter ranging from
10 nm to 1,000 nm are known as nanoemulsions [40]. Advanced melanoma can be treated with a
nanoemulsion of rapamycin, bevacizumab, and temozolomide [72]. In contrast to liposomes,
nanoemulsions exhibit superior qualities, including stability, optical clarity, and biodegradability. In both
cellular and animal models, the chosen medication combination loaded in IL shown encouraging results,
most likely by influencing various mechanisms involved in tumor proliferation, dissemination, and
angiogenesis. Future research would examine the impact of changing the chemical makeup of the
nanoemulsion [73].

NEs have been used in the codelivery of several anticancer medications to increase the medications’
therapeutic efficacy and bioavailability. Mice with SKOV3 cancer were given a combination of PTX and
curcumin in the form of a nanoemulsion by Ganta S and Amiji M. When PTX was given to mice treated with
curcumin in nanoemulsion form, the AUC increased by 4.1 times. PTX's relative bioavailability was 5.2
times higher, which enhanced the drug’s accumulation in cancer tissues by 3.2 times [74].

Inorganic NPs
Carbon NPs

As the name implies, carbon NPs are based on the element carbon. Since they are biocompatible and have
optical, mechanical, and electrical qualities, they have been used extensively in the medical field [75]. The
most promising options for various applications are the graphene family of nanomaterials because of their
distinct intrinsic qualities, which are valued in their straightforward molecular design and their capacity to
function in harmony with other nanomaterials already in existence [76]. Via differentiation-based
nanotherapy, graphene oxide may be a useful non-toxic therapeutic approach for eliminating cancer stem
cells [77]. A novel family of carbon compounds known as fullerenes (formerly buckminsterfullerenes) was
first identified in 1985 [78]. If fullerene (Cm) is deposited in the tumor tissue, it should have a
photodynamic effect on the tumor since it efficiently produces singlet oxygen when exposed to light [79].

Due to its low bioavailability, curcumin, a popular natural substance used in anticancer therapy, cannot
reach its full potential. We further assessed the in vivo performance and in vitro properties of SWCNT-Cur,
building on our earlier study of a new curcumin delivery system utilizing functionalized single-walled
carbon nanotubes via phosphatidylcholine and polyvinylpyrrolidone (SWCNT-Cur). In mice, SWCNT-Cur
dramatically raised the blood content of curcumin up to an eighteen-fold increase [78, 80]. Figure 2
depicted the mechanism of herbal NPs to target the cancer stem cells and release of natural drug.

Metallic NPs

Since metallic NPs have exceptional optical, magnetic, and photothermal capabilities, they are frequently
investigated in “biological imaging” and targeted DDS. The most widely utilized metallic NPs include
copper, silver, iron-based, and gold NPs. Because the size and surface characteristics of gold NPs are easily
manipulated, they are exploited as intracellular targeted drug carriers [81]. The multidisciplinary topic of
nanotechnology pertains to the engineering and design of items with a size less than 500 nanometers (nm).
The National Cancer Institute has acknowledged that major advancements in cancer diagnosis and therapy
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Figure 2. Mechanism of herbal nanoparticles to target the cancer stem cells and release of natural drug

can be achieved using nanotechnology, which presents an amazing and transformative opportunity.
Nanotechnology has been researched and developed during the past few decades, mostly for application in
cutting-edge medicine delivery systems [82]. Most cancer-related deaths are caused by metastases.
Treatment of metastases presents distinct challenges because to their tiny size, high multiplicity, and
dispersion into various organ settings [83].

Another naturally occurring alkaloid that is derived from a variety of plants, including Canzptotheca
acirminata and Mappia foetida, is camptothecin. By specifically targeting topoisomerase I, an enzyme
involved in the relaxation of DNA supercoils, this drug exhibits strong antitumor efficaciousness [84].

In Asia, ginseng (Panax ginseng) root is a common traditional medication. Ginseng consumption prior
to a cancer diagnosis raised the overall survival rate for patients with breast cancer. Consuming P. ginseng
improved several elements of the physical and mental functioning of patients with gynecologic or
hepatobiliary cancer in another randomized placebo-controlled experiment. Furthermore, European
mistletoe, or Viscum album, is another often recommended cancer treatment. Up to 2003, this plant extract
was the subject of about 23 clinical investigations, 19 of which produced encouraging findings regarding
the quality of life, survival, and tumor suppression of cancer patients [53].

Quantum dots

Semiconductor quantum dots (QDs) are light-emitting, nanoscale particles with special optical and
electronic characteristics. These include the capacity to simultaneously excite multiple fluorescent colors,
improved signal brightness, and stability of the fluorescent signal [68]. In cultivated HeLa cells, quantum
dots labeled with the protein transferrin underwent receptor-mediated endocytosis, while dots labeled
with immunomolecules identified certain antibodies or antigens [85]. The features of semiconducting
quantum dots are highly uncommon; these particles are in the nanometer range. Band gaps in the quantum
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dots depend intricately on several aspects that are outlined in the article [86]. A new family of inorganic
fluorophores known as QDs is becoming more well-known due to its remarkable photophysical
characteristics [87]. A targeted cancer imaging, treatment, and sensing system utilizing QD-aptamer (Apt)-
Dox conjugate [QD-Apt(Dox)] [88].

C-dots (aqueous fluorescent) of turmeric, black pepper, cinnamon, and red chili were made using a
one-pot green synthesis process and subsequently subjected to an in vitro analysis. Human kidney cells

(HK-2) and human glioblastoma cells (LN-229) were revealed to be more cytotoxic in cytotoxicity assays
[89].

Magnetic NPs

MRI imaging often uses magnetic NPs, and medication delivery involves metal or metal oxides [90]. Lipid-
based gene transfection techniques and magnetic NPs were used to induce active Fas expression in breast
cancer cells. Human Fas and GFP-expressing plasmid DNA (pDNA) was transfected into MCF-7 breast
cancer cells [91]. When the tissues were injected with LHRH-SPIONSs, the contrast enhancement of
conventional T2 images acquired from the tumor tissue and of mice bearing breast cancer xenograft is
demonstrated to be significantly greater than that in saline controls [92]. Breast cancer xenografts and lung
metastases were also observed to have improved MRI contrast in magnetic anisotropy multi-CRAZED
images of tissues taken from animals treated with SPIONs [93, 94]. For the targeted treatment of oral
squamous cell carcinoma, combining thermal ablation with antibody-targeting magnetic NPs is a viable
treatment option [95].

The curcumine-loaded folate-grafted magnetic NPs have strong inhibitory effects on MCF-7 breast
cancer cells and KB nasopharyngeal carcinoma cells. The NPs demonstrated targeted thermo-
chemotherapy resulting in apoptosis by selectively interacting with the folate receptor, which is
overexpressed in cancer cells, according to the magnetic effect [96].

Hybrid NPs

In order to overcome the limitations of single-component NPs, improve properties, achieve new properties
not achievable for single NPs, and/or achieve multiple functionalities for single NPs, hybrid NPs are
constructed from at least two different NPs. Various hybrid nanostructures, include Janus, dot-in-nanotube,
dot-on-nanorod, heterodimer, core-shell, yolk-shell, and nanobranches [97]. There are four different types
of hybrid nanomaterials: mesoporous silica, gold, or iron oxide NPs combined with biodegradable polymers
or biomacromolecuels to form inorganic NP/organic polymer composite systems; polysilsesquioxane (PSQ)
NPs synthesized from condensation of silanol-based monomers; and nanoscale coordination polymers
(NCPs) and nanoscale metal-organic frameworks (NMOFs) composed of metal ions or clusters connected by
organic linkers [98].

Hybrid NPs based on two design methodologies (tanker vs. barge), where a NP’s surface is coated with
a nanotube system or contains liposomal, micellar, porous silica, polymeric, viral, noble metal, and
nanotube systems [99-101]. Scientists draw attention to the design elements that must be taken into
account to produce efficient nanodevices for the diagnosis and treatment of cancer [63, 64].

In recent curcuma longa is a plant and it has been utilized in several civilizations to treat a variety of
illnesses. Its poor oral absorption, fast metabolism, low solubility in water and plasma, and chemical
instability in alkaline environments limit its utilization. Furthermore, numerous plant species produce the
phytoalexin Res (3, 4’, 5-trans-trihydroxystilbene), a polyphenol with a wide range of biological
characteristics that have been thoroughly investigated in vitro and in vivo. Regretfully, Res exhibits low
bioavailability, poor chemical stability, and low water solubility, all of which restrict its therapeutic efficacy.
Cur likewise shares these characteristics. Because Cur and Res can serve as multifunctional agents, they are
both claimed to have considerable anticancer activities [102].
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Exosomes

In recent years, there has been a rise in documents highlighting the significance of exosomes (EXOs) in
cancer biology [103]. Researchers are actively studying plant-derived EXO-like NPs (PENs) as a potential
alternative to EXOs produced by mammalian cells. This allows them to overcome the technical limitations
associated with mammalian vesicles. Polymer-based NPs (PENs) have great potential as nanocarriers in
drug delivery systems due to their physiological, chemical, and biological characteristics. They are
particularly effective in delivering different doses of drugs, especially in situations that need large-scale
repeatability [104]. EXOs, the tiniest extracellular vesicles present in bodily fluids, serve as carriers of
biomolecules, facilitating the passage of information between cells. This attribute makes them valuable as
conveyors. Due to the similarity between the membranes of these NPs and cell membranes, they may be
readily transported to convey various components. Due to their limited solubility in liquid, EXOs may be a
viable method for loading chemotherapeutic medicines. This cancer therapy has the potential to eliminate
the need for administering large amounts of medications via injections and instead offers a more suitable
method of drug release [103].

Researchers have devised a novel approach to selectively induce programmed cell death in breast
cancers and prevent their spread to the lungs. They achieved this by using natural nanovehicles derived
from tea flowers, known as TFENs. The nanovehicles exhibited particle sizes of 131 nm, shape resembling
EXOs, and negative zeta potentials. Cell tests demonstrated that TFENs had potent lethal effects on cancer
cells by inducing the proliferation of reactive oxygen species (ROS). Elevated levels of intracellular ROS not
only induce mitochondrial damage, but also halt the cell cycle, leading to the inhibition of cell proliferation,
migration, and invasion in breast cancer cells in laboratory settings. Subsequent studies on mice revealed
that TFENs, whether administered intravenously or orally, may concentrate in breast tumors and lung
metastatic sites. They have the ability to hinder the development and spread of breast cancer and also
influence the composition of gut microbiota [105, 106].

Crab haemolymph, as studied by Rezakhani et al. [107], was shown to contain EXOs that are rich in
proteins and had antioxidant properties. These EXOs were seen to have the potential to exert anti-cancer
effects on 4T1 cells. These EXOs might be suggested for breast cancer therapies [108].

Marine algae produce a diverse range of metabolites with various biological functions, and several
studies have shown their ability to inhibit the growth of cancer cells. Multiple research has documented the
anti-cancer properties of algae. It has been found that the EXOs generated from algae may have a
suppressive impact on the proliferation of cancer cells [107].

Timely identification of cancer may significantly enhance its management. Recent research in the field
of cancer detection and treatment has moved its attention to EXO biomarkers, which consist of a variety of
RNA and proteins. In order to detect malignant activity at an early stage, microRNAs (miRNAs) may be
isolated from cancerous cells present in the circulatory system’s extracellular vesicles (EXOs). Distinct
markers may be used to identify EXOs originating from cancer that include miRNAs, which might
potentially provide a more dependable and accurate method for early diagnosis [109]. The anticancer
activities of various phytoconstituents are comprised in Table 2.

Table 2. Anticancer activity of different phytoconstituents

S. Active Activity Animal model Major finding References
No. constituents
1. Ginsenosides Antitumor MCF-7 xenograft FA-Rg5-BSA NPs had more efficacy in [57]

mouse model suppressing tumor development compared

to Rg5 and Rg5-BSA NPs, demonstrating
improved tumor accumulation capability.

2. QC, miquelianin,  Antitumor and Orthotopic-4T1 Qu-NPs enhanced the notable anticancer  [58]
isoquercetin antimetastatic breast tumor model and antimetastatic activities by
efficacy suppressing uPA.
3. Tymol, carvacrol,  Antitumor Homogenous matrix ZMSLN exhibited much superior antitumor [60, 110]
linalool, p-cymene model efficacy compared to ZMEO and ZMSLN
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Table 2. Anticancer activity of different phytoconstituents (continued)

S. Active Activity Animal model Major finding References
No. constituents

had a clear inhibitory impact on cell
proliferation.

4. Poly-d- Antimetastatic and Hepatocarcino-ma  Increased cell-killing power and improved  [66, 111]
glucosamine antitumor cells model ability to be absorbed by the body.
5. Curcumin Antitumor, brain Xenograft mouse FA-functionalized NPs with a magnetic [74, 112]
tumors, breast and model field improved the cytotoxicity of drug-
pancreatic cancers loaded nanocomposites.
6. Campthothecin Antitumor Albumin-bound PTX A more easy administration and efficacy [84, 113]
model, tumor and safety data support nab-PTX as a
xenografts breast cancer reference taxane.
7. Piperine Antitumor and Nude mice model Black pepper has been identified as a [89, 114,
prostate cancer xenografted powerful nutraceutical that may effectively 115]
inhibit the development of chronic myeloid
leukemia.

BSA: bovine serum albumin; FA: folic acid; NPs: nanoparticles; PTX: paclitaxel; QC: quercetin

Challenges in conventional chemotherapy with phytochemicals

Phytochemicals, despite their significant potential as anticancer medications, face several limitations with
conventional system of delivery. These include low solubility, poor bioavailability, high dosage
requirements, a narrow therapeutic range, rapid absorption by healthy cells, a large apparent volume of
distribution resulting in drug accumulation in normal cells, high clearance rate, and a short elimination
half-life [4, 116, 117].

Advantages of NPs in cancer therapy

A new era in cancer diagnosis, therapy, and management has been ushered in by the application of
nanotechnology. NPs increase the intracellular concentration of medications while avoiding harm in
healthy tissue by active or passive targeting [65]. One major concern for tumor therapy, particularly
photodynamic therapy (PDT), has been targeted medication delivery. Researches goal is to improve
photosensitizer (PS) targeting efficiency at the tumor site in vivo by employing folate-modified NPs [118].

Several studies have demonstrated that the trapping of anticancer medicines in submicronic colloidal
systems (NPs) can influence their distribution profiles in both tissues and cells. The goal of this strategy is
to lessen systemic adverse effects while increasing antitumor efficacy [119]. The NPs are divided into three
categories: (i) magnetite NPs; (ii) various kinds of inorganic material-based NPs that are typically utilized
for medication delivery, gene therapy, and other applications; and (iii) organic material-based NPs [120].
The advantage of using NPs to target cancer is that they can do so passively, by simply building up and
being lodged in tumors [121]. The enhanced permeation and retention effect, which is brought on by leaky
angiogenetic arteries and inadequate lymphatic drainage, has been used to explain why tumors have higher
ratios of macromolecules and NPs than normal tissues [122].

Clinical studies and patents of herbal medicines in cancer treatment

Clinical studies play a pivotal role in assessing the safety, efficacy, and mechanism of herbal medicines in
cancer care. These studies range from preclinical research to advanced clinical trials.

Preclinical studies

Focus on identifying bioactive compounds in herbs that exhibit anti-cancer properties. Common examples
include flavonoids, alkaloids, saponins, and terpenoids. Laboratory studies on cell lines and animal models
have shown that certain herbs, such as Curcuma longa (turmeric) and Camellia sinensis (green tea), can
inhibit cancer cell proliferation, induce apoptosis, and prevent angiogenesis [123].
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Clinical trials

Herbal extracts like Taxus brevifolia (source of PTX) and Catharanthus roseus (source of vincristine and
vinblastine) have undergone rigorous clinical trials and are now components of mainstream chemotherapy

[124].

Recently, herbs such as Withania somnifera (ashwagandha), P. ginseng (ginseng), and Tinospora
cordifolia (guduchi) are being studied for their role in immunomodulation and reducing chemotherapy-
induced side effects [125, 126]. Some recent clinical studies are listed in Table 3.

Table 3. Recent clinical studies for cancer treatment by herbal medicines

NCT number

Study phase with
sponsor name

Study title

Type of
condition

Treatment

Reference

NCT05897749

NCT03986528

NCT05229809

NCT01142479

NCT04403529

NCT03716518

NCT04546607

NCT03384667

NCT01441752

NCT02929693

Phase 4,
Guang’anmen
Hospital of China
Academy of Chinese
Medical Sciences

Phase 4, Jie Li

Phase 4, Jie Li

Phase 2, phase 3,
Taipei City Hospital

Phase 3, Fudan
University

Phase 3, Xiyuan
Hospital of China
Academy of Chinese
Medical Sciences

Phase 2, phase 3,
Natureceuticals Sdn
Bhd

Phase 2, phase 3,
Seong-Gyu Ko

Phase 3, xuling

Phase 3

Clinical Study on the Effect of
Brucea Javanica Oil Emulsion
Injection on the Survival of Patients
With Advanced Colorectal Cancer
Who Failed to Receive Multi-line

Treatment

Clinical Trial on the Survival
Advantage of Kanglaite Injection
(KLTi) in Advanced Non-Small Cell

Lung Cancer (NSCLC)

Yiqi Wenyang Jiedu Prescription in
the Prevention and Treatment of
Postoperative Metastasis and
Recurrence of Gastric Cancer: A
Randomized, Double-blind,
Controlled and Multi-center Clinical

Study

The Effects of Compound Herbal
Formula (TPE-1) for Leukopenia and
Cancer-related Fatigue in Breast
Cancer Patients With Radiotherapy

Evaluating the Clinical Value of
Traditional Chinese Medicine in the
Adjuvant Therapy of Triple-negative

Breast Cancer

Effect of TCM-TSKSR on
Completion Rates of Chemotherapy
in Patients With Stage Il & 11l Colon
Cancer: A Randomized Placebo-
Controlled Clinical Trial

A Multicenter, Randomized, Double-
Blind, Placebo-Controlled, Parallel,
Study Assessing NuvastaticTM
(C50SEW5050ESA) 1,000 mg (3
Times a Day) in Improving Fatigue in
Patients With Solid Stage -1V

Tumors

Efficacy and Safety Evaluation of
Maekmoondong-tang on Post-
operative Cough in Patients With
Lung Cancer -Randomized, Double-
blind, Placebo-controlled Clinical

Trial

State Administration of Traditional
Chinese Medicine of Shanghai

Clinical Study of Yigi-yangyin-jiedu
Decoction Combined With Gefitinib
in Advanced Pulmonary
Adenocarcinoma Patients With
Activating EGFR Mutation

Colorectal
cancer

Non-small
cell lung
cancer
(NSCLC)

Gastric
carcinoma

Breast
cancer

Triple
negative
breast
cancer

Colon
cancer

Astheni,
cancer

Lung cancer

Non-small
cell lung
cancer

Cancer

Brucea javanica oll
emulsion injection

Kanglaite injection +
chemotherapy

Yiqi Wenyang Jiedu
prescription

Chinese herbal
medicine decoction

Traditional Chinese
medicine formulation

Tonifying spleen and
kidney sequential
regimen

Nuvastatic TM
(C50SEW5050ESA)
1,000 mg

Maekmoondong-tang

TCM

Yiqi-yangyin-jiedu
decoction

[127]

[128]

[129]

[130, 131]

[132]

[133]

[134, 135]

[136, 137]

[138, 139]

[140]
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Patents in herbal medicine for cancer

Patenting herbal formulations is essential for translating research into therapeutic applications. It protects
intellectual property, incentivizes innovation, and facilitates commercialization.

Patenting trends

The number of patents related to herbal anti-cancer drugs has increased, particularly in China, India, and
the United States. Examples include patents for herbal combinations targeting specific cancers, novel
methods of herbal compound extraction, and formulations that enhance bioavailability or reduce toxicity
[141, 142].

Key patented compounds and innovations

Artemisinin

Derived from Artemisia annua, it is patented for its anti-cancer and anti-inflammatory properties [143].

Curcumin derivatives

Patents for curcumin analogs that have improved solubility and efficacy against various cancers [144, 145].

Polysaccharides

Extracted from herbs like Ganoderma lucidum (Reishi mushroom) and patented for their
immunomodulatory and anti-cancer properties [146, 147].

Phytochemistry of chemical constituents loaded into NPs displaying
anticancer activity

Phytoconstituents, also known as phytochemicals, are naturally occurring compounds found in plants that
exhibit various biological activities, including anticancer properties [148, 149]. As shown in Figure 3
numerous phytoconstituents have been identified and studied for their potential to prevent or treat cancer.
Many other plant-derived compounds are being studied for their potential as anticancer agents, and
ongoing research continues to explore their mechanisms of action and therapeutic applications in cancer
prevention and treatment [150]. Here are some examples of phytoconstituents with anticancer activity.

Curcumin

Chemically, curcumin is a polyphenolic compound belonging to a class of compounds called curcuminoids.
Its chemical structure consists of two aromatic rings linked by a seven-carbon chain with several functional
groups [151].

The structure of curcumin plays a crucial role in its anticancer activity. Several structural features
contribute to its ability to inhibit cancer cell growth and induce apoptosis.

B-Diketone structure

The central 3-diketone structure of curcumin is essential for its anticancer activity. This structure is
responsible for curcumin’s ability to chelate metal ions, particularly iron and copper, which are involved in
various cellular processes. By chelating these metal ions, curcumin can disrupt metal dependent enzymes
and signaling pathways implicated in cancer cell proliferation and survival [152].

Aromatic rings and hydrophobicity

The presence of aromatic rings in curcumin enhances its hydrophobicity, allowing it to interact with
hydrophobic regions of proteins and cell membranes. This property enables curcumin to penetrate cancer
cells and target intracellular signaling pathways involved in cell growth, apoptosis, and angiogenesis [153].
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Figure 3. Chemical structures of some anticancer phytoconstituents. a: resveratrol; b: curcumin; c: naringnin; d: quercetin;
e: kaepferol; f: epicatechin; g: myricetin; h: berberine; i: solaidine; j: conanine; k: rutine; I: antoline; m: tylophorine; n: BMA-
155Cl; o: paclitaxel; p: citronellal; q: thymoquinone; r: thymol; s: allicin; t: alpinumisoflavone; u: baicalein; v: baicalin; w:
andrographolide; x: glycyrrihizin; y: withaferin A; z: nimbolide; aa: ursolic acid; bb: resveratrol analogue HS-1793; cc: 6-shogaol;
dd: pterostillben; ee: licochalcone A; ff: hispudilin; gg: dicoumarol; hh: apigenin; ii: decursinol; jj: emodin; kk: gingerol; II:

genistein

Methoxy and hydroxyl groups

The methoxy (-OCH3) and hydroxyl (-OH) groups attached to the aromatic rings of curcumin contribute to
its antioxidant and anti-inflammatory properties. These functional groups scavenge free radicals and inhibit
oxidative stress, which can promote DNA damage and cancer development. Additionally, they modulate

inflammatory signaling pathways implicated in cancer progression [153].

Enol form

The enol form of curcumin, which predominates under physiological conditions, is believed to be the
biologically active form responsible for many of its pharmacological effects, including its anticancer activity.
The enol form participates in various molecular interactions and enzymatic reactions involved in cancer

cell growth inhibition and apoptosis induction.
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Conjugated system

Curcumin’s conjugated system, formed by alternating single and double bonds within its structure,
contributes to its stability and ability to act as an electron donor or acceptor in redox reactions. This
property enables curcumin to modulate intracellular redox balance and interfere with redoxsensitive
signaling pathways implicated in cancer development and progression [152, 154].

Overall, the structural features of curcumin, including its -diketone motif, aromatic rings,
hydrophobicity, functional groups, enol form, and conjugated system, collectively contribute to its
anticancer activity by targeting multiple molecular targets and signaling pathways involved in cancer
pathogenesis. Understanding the structure-activity relationship of curcumin is essential for the rational
design of novel curcumin derivatives with improved efficacy, bioavailability, and specificity for cancer
therapy.

Ginsenosides

The structure of ginsenosides is complex and consists of a steroid backbone with attached sugar moieties
[155]. Several structural features contribute to the pharmacological activities of ginsenosides, including
their anticancer properties.

Triterpene structure

Ginsenosides have a triterpene backbone composed of four fused rings, which is essential for their
biological activity. This structure is responsible for the ability of ginsenosides to interact with cellular
membranes and modulate signaling pathways involved in cancer cell growth and survival.

Sugar moieties

Ginsenosides contain one or more sugar moieties attached to the triterpene backbone, such as glucose,
xylose, or arabinose. These sugar residues can affect the pharmacokinetics and bioavailability of
ginsenosides and may influence their interactions with cellular targets [156].

Aglycone and glycoside forms

Ginsenosides exist in both aglycone (non-sugar) and glycoside (sugar-bound) forms, with different
pharmacological properties. Aglycone ginsenosides, such as protopanaxadiol (PPD) and protopanaxatriol
(PPT), are more readily absorbed and metabolized in the body compared to glycoside forms.

Hydroxyl groups
Ginsenosides contain hydroxyl (-OH) groups at various positions on the triterpene backbone. These

hydroxyl groups can influence the biological activity of ginsenosides by affecting their solubility, stability,
and interactions with cellular targets [156, 157].

Overall, the structural features of ginsenosides, including their triterpene backbone, sugar moieties,
hydroxyl groups, collectively contribute to their anticancer activity. Understanding the structure-activity
relationship of ginsenosides is essential for optimizing their therapeutic potential and developing novel
anticancer agents derived from P. ginseng.

Quercetin

QC belongs to the flavonoid group of polyphenolic compounds. Its chemical structure consists of three rings
(A, B, and C) with multiple hydroxyl (-OH) groups attached. The presence of these hydroxyl groups
contributes to its antioxidant activity, which helps neutralize harmful free radicals and reduce oxidative
stress in cells. This oxidative stress is often associated with cancer development [158].

Antioxidant activity

QC’s potent antioxidant properties make it effective in protecting cells from oxidative damage, which can
lead to mutations and cancer initiation. By scavenging free radicals and inhibiting oxidative stress, QC helps
maintain cellular integrity and reduce the risk of carcinogenesis.
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Anti-inflammatory effects

Chronic inflammation is closely linked to cancer development and progression. QC exhibits strong anti-
inflammatory effects by inhibiting the production of inflammatory mediators such as cytokines and
prostaglandins. By reducing inflammation, QC may help create an environment less conducive to cancer
growth.

Apoptosis induction

QC has been shown to induce apoptosis, or programmed cell death, in cancer cells. This process is essential
for removing damaged or abnormal cells from the body and preventing tumor growth. QC activates
signaling pathways that trigger apoptosis in cancer cells, leading to their death.

Inhibition of angiogenesis

QC can inhibit the formation of new blood vessels (angiogenesis) that supply nutrients and oxygen to
tumors, thereby slowing down tumor growth and metastasis. By disrupting the angiogenic process, QC
helps deprive cancer cells of essential resources for their survival and proliferation.

Modulation of cell signaling

QC can modulate various cellular signaling pathways involved in cancer progression, including those
related to cell proliferation, survival, and metastasis. By interfering with these signaling pathways, QC
exerts control over cancer cell behavior and inhibits tumor growth and spread.

Chemopreventive effects

Numerous studies suggest that QC may have chemopreventive properties, meaning it can help prevent the
initiation and progression of cancer. Its antioxidant, anti-inflammatory, and pro-apoptotic activities
collectively contribute to its ability to protect against carcinogenesis.

In conclusion, the multifaceted properties of QC, including its antioxidant, anti-inflammatory, pro-
apoptotic, anti-angiogenic, and signaling modulation effects, make it a promising natural compound for
cancer prevention and therapy. However, further research, including clinical trials, is needed to fully
elucidate its efficacy, safety, and optimal dosing regimens in cancer management [159, 160].

Carvacrol

[t is a natural monoterpenic phenol found in various essential oils, including oregano oil and thyme oil. It
possesses a wide range of pharmacological properties, including antimicrobial, antioxidant, anti-
inflammatory, and anticancer activities. While much of the research on carvacrol has focused on its
antimicrobial effects, emerging studies suggest its potential as an anticancer agent [161]. Here’s how
carvacrol’s properties relate to its anticancer activity.

Induction of apoptosis

Carvacrol has been shown to induce apoptosis, or programmed cell death, in cancer cells through various
mechanisms. It activates signaling pathways that lead to apoptosis, including the mitochondrial apoptotic
pathway and the death receptor pathway. By triggering apoptosis in cancer cells, carvacrol can effectively
inhibit tumor growth and progression.

Cell cycle arrest

Carvacrol has been found to arrest the cell cycle at different checkpoints, preventing cancer cells from
proliferating uncontrollably. By inhibiting cell cycle progression, carvacrol can halt the growth of cancer
cells and impede tumor development.

Anti-proliferative effects

Carvacrol exhibits anti-proliferative properties by inhibiting the proliferation of cancer cells. It interferes
with cellular processes involved in cell growth and division, thereby suppressing the proliferation of
cancerous cells and reducing tumor size [162].
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Inhibition of angiogenesis

Carvacrol has been shown to inhibit angiogenesis, the formation of new blood vessels that supply nutrients
and oxygen to tumors. By disrupting angiogenesis, carvacrol deprives cancer cells of essential resources for
their growth and metastasis, thereby impeding tumor progression.

Modulation of signaling pathways

Carvacrol can modulate various signaling pathways involved in cancer progression, including those related
to cell proliferation, survival, and metastasis. By interfering with these pathways, carvacrol exerts control
over cancer cell behavior and inhibits tumor growth and spread [162].

Overall, the diverse pharmacological properties of carvacrol, including its ability to induce apoptosis,
arrest the cell cycle, inhibit proliferation, reduce inflammation, scavenge free radicals, inhibit angiogenesis,
and modulate signaling pathways, collectively contribute to its potential as an anticancer agent [161, 163].
However, further research, particularly clinical studies, is needed to fully elucidate its efficacy, safety, and
optimal therapeutic applications in cancer treatment [164].

Conclusions

Over the past 25 years, around 65% of anticancer drugs have been derived from natural sources, with
chemical synthesis enabling large-scale production and the creation of novel analogs. However, many
natural compounds face challenges like low solubility and poor bioavailability. Nanotechnology addresses
these issues by enhancing drug solubility, biocompatibility, and surface modification while enabling tumor
targeting and multidrug resistance (MDR) management. NP-based drug delivery systems (NP-based DDS)
offer improved pharmacokinetics, stability, and efficacy compared to traditional therapies, serving as
platforms for combination treatments.

While combining phytochemicals with chemotherapy shows promising results, challenges remain in
developing optimized nanocarriers and achieving synchronized pharmacokinetics at tumor sites. Though
preclinical studies are encouraging, phyto-nanoformulations are not yet clinically viable. Risks related to
NP safety and efficacy must also be addressed. Nonetheless, researchers believe phytochemical-based
nanoformulations will soon become integral to cancer treatment, meeting international toxicity and
biocompatibility standards.

Abbreviations

AgNPs: Silver nanoparticles
BSA: bovine serum albumin
CTLs: cytotoxic T lymphocytes
ETP: etoposide

EXOs: exosomes

FA: folic acid

LNPs: liposome nanoparticles
MDR: multidrug resistance

MPA: mycophenolic acid
NMOFs: nanoscale metal-organic frameworks
NPs: nanoparticles

PACA: poly (alkyl cyanoacrylate)
PCL: poly-caprolactone

PDT: photodynamic therapy

Explor Target Antitumor Ther. 2025;6:1002285 | https://doi.org/10.37349/etat.2025.1002285 Page 18



PEG: polyethylene glycol
PLA: polylactic acid

PS: photosensitizer

PSQ: polysilsesquioxane
PTX: paclitaxel

QC: quercetin

QDs: quantum dots

SLN: solid lipid nanoparticles

VCR: vinca alkaloids vincristine

Declarations
Acknowledgments

During the preparation of this work, author(s) used the ChatGPT Plus for enhancing the quality of figures.
After using the tool/service, author(s) reviewed and edited the content as needed and take(s) full
responsibility for the content of the publication.

Author contributions

RY: Investigation, Data curation, Writing—original draft. HSC: Supervision, Project administration,
Writing—review & editing. GD: Supervision, Project administration, Writing—review & editing. MSA:
Writing—review & editing, Validation. VK: Validation. PS: Validation. NKU: Validation. TY:
Conceptualization, Data curation, Writing—review & editing, Supervision, Project administration. Each
author reviewed and approved the version that was submitted after helping to revise the document.

Conflicts of interest

The authors declare that they have no conflicts of interest.

Ethical approval
Not applicable.

Consent to participate

Not applicable.

Consent to publication

Not applicable.

Availability of data and materials

Not applicable.

Funding
Not applicable.

Copyright
© The Author(s) 2025.

Publisher’s note

Open Exploration maintains a neutral stance on jurisdictional claims in published institutional affiliations
and maps. All opinions expressed in this article are the personal views of the author(s) and do not
represent the stance of the editorial team or the publisher.

Explor Target Antitumor Ther. 2025;6:1002285 | https://doi.org/10.37349/etat.2025.1002285 Page 19



References

1.

10.
11.

12.

13.

14.

15.

16.

17.

18.

Molyneux G, Geyer FC, Magnay FA, McCarthy A, Kendrick H, Natrajan R, et al. BRCA1 basal-like breast
cancers originate from luminal epithelial progenitors and not from basal stem cells. Cell Stem Cell.
2010;7:403-17. [DOI] [PubMed]

Fares ], Fares MY, Khachfe HH, Salhab HA, Fares Y. Molecular principles of metastasis: a hallmark of
cancer revisited. Signal Transduct Target Ther. 2020;5:28. [DOI] [PubMed] [PMC(]

More MP, Pardeshi SR, Pardeshi CV, Sonawane GA, Shinde MN, Deshmukh PK, et al. Recent advances
in phytochemical-based Nano-formulation for drug-resistant Cancer. Med Drug Discov. 2021;10:
100082. [DOI]

Kumar P, Yadav N, Chaudhary B, Jain V, Balaramnavar VM, Alharbi KS, et al. Promises of
phytochemical based nano drug delivery systems in the management of cancer. Chem Biol Interact.
2022;351:109745. [DOI] [PubMed]

Karpuz M, Silindir-Gunay M, Ozer AY. Current and Future Approaches for Effective Cancer Imaging
and Treatment. Cancer Biother Radiopharm. 2018;33:39-51. [DOI] [PubMed]

Wabhi A, Bishnoi M, Raina N, Singh MA, Verma P, Gupta PK, et al. Recent updates on nano-phyto-
formulations based therapeutic intervention for cancer treatment. Oncol Res. 2023;32:19-47. [DOI]
[PubMed] [PMC]

Sharma AN, Dewangan HK, Upadhyay PK. Comprehensive Review on Herbal Medicine: Emphasis on
Current Therapy and Role of Phytoconstituents for Cancer Treatment. Chem Biodivers. 2024;21:
€202301468. [DOI] [PubMed]

Manzari-Tavakoli A, Babajani A, Tavakoli MM, Safaeinejad F, Jafari A. Integrating natural compounds
and nanoparticle-based drug delivery systems: A novel strategy for enhanced efficacy and selectivity
in cancer therapy. Cancer Med. 2024;13:e7010. [DOI] [PubMed] [PMC(]

Ashrafizadeh M, Zarrabi A, Hashemi F, Zabolian A, Saleki H, Bagherian M, et al. Polychemotherapy
with Curcumin and Doxorubicin via Biological Nanoplatforms: Enhancing Antitumor Activity.
Pharmaceutics. 2020;12:1084. [DOI] [PubMed] [PMC]

Mohanraj V], Chen Y. Nanoparticles - A review. Trop ] Pharm Res. 2007;5:561-73. [DOI]

Sakore P, Bhattacharya S, Belemkar S, Prajapati BG, Elossaily GM. The theranostic potential of green
nanotechnology-enabled gold nanoparticles in cancer: A paradigm shift on diagnosis and treatment
approaches. Results Chem. 2024;7:101264. [DOI]

Li C, Zhang ], Zu Y], Nie SF, Cao ], Wang Q, et al. Biocompatible and biodegradable nanoparticles for
enhancement of anti-cancer activities of phytochemicals. Chin ] Nat Med. 2015;13:641-52. [DOI]
[PubMed] [PMC]

Anand A, Gautam P, Ojha S. Application of Nanotechnology for Herbal Medicine Development: A
Review. Lett Drug Des Discov. 2024;21:1325-33. [DOI]

Ravindran R. NANO TECHNOLOGY IN CANCER DIAGNOSIS AND TREATMENT: AN OVERVIEW. Oral
Maxillofac Pathol J. 2011;2:101-6.

Hertog MG, Hollman PC, Katan MB, Kromhout D. Intake of potentially anticarcinogenic flavonoids
and their determinants in adults in The Netherlands. Nutr Cancer. 1993;20:21-9. [DOI] [PubMed]
Nakamura W, Hirata M, Oda S, Chiba K, Okada A, Mateos RN, et al.; NCBN Controls WGS Consortium;
Tsujimoto SI, Shiba N, Ito S, Yoshida T, Shiraishi Y. Assessing the efficacy of target adaptive sampling
long-read sequencing through hereditary cancer patient genomes. NP] Genom Med. 2024;9:11. [DOI]
[PubMed] [PMC]

Zitvogel L, Apetoh L, Ghiringhelli F, Kroemer G. Immunological aspects of cancer chemotherapy. Nat
Rev Immunol. 2008;8:59-73. [DOI] [PubMed]

Wang L, Lynch C, Pitroda SP, Piftké A, Yang K, Huser AK, et al. Radiotherapy and immunology. ] Exp
Med. 2024;221:e20232101. [DOI] [PubMed] [PMC]

Explor Target Antitumor Ther. 2025;6:1002285 | https://doi.org/10.37349/etat.2025.1002285 Page 20


https://dx.doi.org/10.1016/j.stem.2010.07.010
http://www.ncbi.nlm.nih.gov/pubmed/20804975
https://dx.doi.org/10.1038/s41392-020-0134-x
http://www.ncbi.nlm.nih.gov/pubmed/32296047
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7067809
https://dx.doi.org/10.1016/j.medidd.2021.100082
https://dx.doi.org/10.1016/j.cbi.2021.109745
http://www.ncbi.nlm.nih.gov/pubmed/34774839
https://dx.doi.org/10.1089/cbr.2017.2378
http://www.ncbi.nlm.nih.gov/pubmed/29634415
https://dx.doi.org/10.32604/or.2023.042228
http://www.ncbi.nlm.nih.gov/pubmed/38188681
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10767243
https://dx.doi.org/10.1002/cbdv.202301468
http://www.ncbi.nlm.nih.gov/pubmed/38206170
https://dx.doi.org/10.1002/cam4.7010
http://www.ncbi.nlm.nih.gov/pubmed/38491817
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10943377
https://dx.doi.org/10.3390/pharmaceutics12111084
http://www.ncbi.nlm.nih.gov/pubmed/33187385
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7697177
https://dx.doi.org/10.4314/TJPR.V5I1.14634
https://dx.doi.org/10.1016/j.rechem.2023.101264
https://dx.doi.org/10.1016/S1875-5364(15)30061-3
http://www.ncbi.nlm.nih.gov/pubmed/26412423
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5488276
https://dx.doi.org/10.2174/1570180820666230308105723
https://dx.doi.org/10.1080/01635589309514267
http://www.ncbi.nlm.nih.gov/pubmed/8415127
https://dx.doi.org/10.1038/s41525-024-00394-z
http://www.ncbi.nlm.nih.gov/pubmed/38368425
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10874402
https://dx.doi.org/10.1038/nri2216
http://www.ncbi.nlm.nih.gov/pubmed/18097448
https://dx.doi.org/10.1084/jem.20232101
http://www.ncbi.nlm.nih.gov/pubmed/38771260
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11110906

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Lu Q, Kou D, Lou S, Ashrafizadeh M, Aref AR, Canadas I, et al. Nanoparticles in tumor
microenvironment remodeling and cancer immunotherapy. ] Hematol Oncol. 2024;17:16. [DOI]
[PubMed] [PMC]

Nair HB, Sung B, Yadav VR, Kannappan R, Chaturvedi MM, Aggarwal BB. Delivery of
antiinflammatory nutraceuticals by nanoparticles for the prevention and treatment of cancer.
Biochem Pharmacol. 2010;80:1833-43. [DOI] [PubMed] [PMC(]

Prakash K, Tiwari S. Prospective Approaches of Herbal Novel Delivery System with Special Reference
to the Herbal Nanosciences. Curr Drug Ther. 2024;19:678-93. [DOI]

Ashique S, Afzal O, Hussain A, Zeyaullah Md, Altamimi MA, Mishra N, et al. It’s all about plant derived
natural phytoconstituents and phytonanomedicine to control skin cancer. ] Drug Deliv Sci Technol.
2023;84:104495. [DOI]

Bisht D, Kumar D, Kumar D, Dua K, Chellappan DK. Phytochemistry and pharmacological activity of
the genus artemisia. Arch Pharm Res. 2021;44:439-74. [DOI] [PubMed] [PMC]

Bhanot A, Sharma R, Noolvi M. Natural sources as potential anti-cancer agents: A review. Int ]
Phytomedicine. 2011;3:09-26.

Afifi-Yazar FU, Kasabri V, Abu-Dahab R. Medicinal plants from Jordan in the treatment of cancer:

traditional uses vs. in vitro and in vivo evaluations--part 1. Planta Med. 2011;77:1203-9. [DOI]
[PubMed]

Nobili S, Lippi D, Witort E, Donnini M, Bausi L, Mini E, et al. Natural compounds for cancer treatment
and prevention. Pharmacol Res. 2009;59:365-78. [DOI] [PubMed]

Asati V. Perspectives of Anti-Cancer Phytoconstituents in Pharmacotherapy. Int ] Med Pharm Sci.
2022;12:1. [DOI]

Samadian H, Hosseini-Nami S, Kamrava SK, Ghaznavi H, Shakeri-Zadeh A. Folate-conjugated gold
nanoparticle as a new nanoplatform for targeted cancer therapy. ] Cancer Res Clin Oncol. 2016;142:
2217-29. [DOI] [PubMed]

Igbal ], Abbasi BA, Ahmad R, Batool R, Mahmood T, Ali B, et al. Potential phytochemicals in the fight
against skin cancer: Current landscape and future perspectives. Biomed Pharmacother. 2019;109:
1381-93. [DOI] [PubMed]

Cragg GM, Newman D]. Antineoplastic agents from natural sources: achievements and future
directions. Expert Opin Investig Drugs. 2000;9:2783-97. [DOI] [PubMed]

Block G, Patterson B, Subar A. Fruit, vegetables, and cancer prevention: a review of the
epidemiological evidence. Nutr Cancer. 1992;18:1-29. [DOI] [PubMed]

Almalki WH, Alotaibi NN, Alayaf AAM, Alotaibi AF, Althubiti MA. Phytochemical-based Nanodrug
Delivery in Cancer Therapy. Int ] Health Sci. 2022:5736-54. [DOI]

Yang CS, Landau JM, Huang MT, Newmark HL. Inhibition of carcinogenesis by dietary polyphenolic
compounds. Annu Rev Nutr. 2001;21:381-406. [DOI] [PubMed]

Wang H, Luo Y. Green mediated of nanoparticles by plant extract: Investigation of its performance to
treat the human renal cell carcinoma. ] Eng Res. 2024;12:11-6. [DOI]

Jafari M, Juybari KB, Shiri H, Amirkhosravi A, Mehrabani M, Mehrabani M. Synthesis of Gold
Nanoparticle from Aqueous Extracts of Hedera helix L., Senna alexandrina Mill.,, Thymus vulgaris L.
and Tribulus terrestris L. and Evaluation of Their In-Vitro Antioxidant and Cytotoxic Effects. Nano.
2024;19:24500609. [DOI]

Fang S, Li Y, Wu W, He K. Mellissa officinalis Leaf Aqueous Extract Green-Formulated Nanoparticles
as a new Chemotherapeutic Drug in the Field of Healthcare and Nursing: Determination of Anti-
Cancer, Antioxidant, and Cytotoxicity Effects. Sci Adv Mater. 2024;16:484-93. [DOI]

Shi ], Zhang R, Wang Y, Sun Y, Gu X, An Y, et al. Herb-Nanoparticle Hybrid System for Improved Oral
Delivery Efficiency to Alleviate Breast Cancer Lung Metastasis. Int ] Nanomedicine. 2024;19:
7927-44. [DOI] [PubMed] [PMC(]

Explor Target Antitumor Ther. 2025;6:1002285 | https://doi.org/10.37349/etat.2025.1002285 Page 21


https://dx.doi.org/10.1186/s13045-024-01535-8
http://www.ncbi.nlm.nih.gov/pubmed/38566199
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10986145
https://dx.doi.org/10.1016/j.bcp.2010.07.021
http://www.ncbi.nlm.nih.gov/pubmed/20654584
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2974020
https://dx.doi.org/10.2174/0115748855269312231110114359
https://dx.doi.org/10.1016/j.jddst.2023.104495
https://dx.doi.org/10.1007/s12272-021-01328-4
http://www.ncbi.nlm.nih.gov/pubmed/33893998
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8067791
https://dx.doi.org/10.1055/s-0030-1270832
http://www.ncbi.nlm.nih.gov/pubmed/21347997
https://dx.doi.org/10.1016/j.phrs.2009.01.017
http://www.ncbi.nlm.nih.gov/pubmed/19429468
https://dx.doi.org/10.31782/IJMPS.2022.12301
https://dx.doi.org/10.1007/s00432-016-2179-3
http://www.ncbi.nlm.nih.gov/pubmed/27209529
https://dx.doi.org/10.1016/j.biopha.2018.10.107
http://www.ncbi.nlm.nih.gov/pubmed/30551389
https://dx.doi.org/10.1517/13543784.9.12.2783
http://www.ncbi.nlm.nih.gov/pubmed/11093353
https://dx.doi.org/10.1080/01635589209514201
http://www.ncbi.nlm.nih.gov/pubmed/1408943
https://dx.doi.org/10.53730/ijhs.v6nS1.6134
https://dx.doi.org/10.1146/annurev.nutr.21.1.381
http://www.ncbi.nlm.nih.gov/pubmed/11375442
https://dx.doi.org/10.1016/j.jer.2023.09.010
https://dx.doi.org/10.1142/S1793292024500693
https://dx.doi.org/10.1166/sam.2024.4645
https://dx.doi.org/10.2147/IJN.S463657
http://www.ncbi.nlm.nih.gov/pubmed/39114181
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11304439

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

49.

50.

51.

52.

53.

54.

Jain A, Jain P, Soni P, Tiwari A, Tiwari SP. Design and Characterization of Silver Nanoparticles of
Different Species of Curcuma in the Treatment of Cancer Using Human Colon Cancer Cell Line (HT-
29).] Gastrointest Cancer. 2023;54:90-5. [DOI] [PubMed]

Alinaghi M, Mokarram P, Ahmadi M, Bozorg-Ghalati F. Biosynthesis of palladium, platinum, and their
bimetallic nanoparticles using rosemary and ginseng herbal plants: evaluation of anticancer activity.
Sci Rep. 2024;14:5798. [DOI] [PubMed] [PMC(]

Farooq U, Qureshi AK, Noor H, Farhan M, Khan ME, Hamed OA, et al. Plant Extract-Based Fabrication
of Silver Nanoparticles and Their Effective Role in Antibacterial, Anticancer, and Water Treatment
Applications. Plants (Basel). 2023;12:2337. [DOI] [PubMed] [PMC(]

Firouzi Amandi A, Jokar E, Eslami M, Dadashpour M, Rezaie M, Yazdani Y, et al. Enhanced anti-cancer
effect of artemisinin- and curcumin-loaded niosomal nanoparticles against human colon cancer cells.
Med Oncol. 2023;40:170. [DOI] [PubMed]

Khoobchandani M, Katti KK, Karikachery AR, Thipe VC, Srisrimal D, Dhurvas Mohandoss DK, et al.
New Approaches in Breast Cancer Therapy Through Green Nanotechnology and Nano-Ayurvedic
Medicine - Pre-Clinical and Pilot Human Clinical Investigations. Int ] Nanomedicine. 2020;15:181-97.
[DOI] [PubMed] [PMC(]

Azhar NA, Ghozali SZ, Abu Bakar SA, Lim V, Ahmad NH. Suppressing growth, migration, and invasion
of human hepatocellular carcinoma HepG2 cells by Catharanthus roseus-silver nanoparticles. Toxicol
In Vitro. 2020;67:104910. [DOI] [PubMed]

Guo J, Li Y, Yu Z, Chen L, Chinnathambi A, Almoallim HS, et al. Novel green synthesis and
characterization of a chemotherapeutic supplement by silver nanoparticles containing Berberis
thunbergii leaf for the treatment of human pancreatic cancer. Biotechnol Appl Biochem. 2022;69:
887-97. [DOI] [PubMed]

Liu Y, Xie X, Hou X, Shen ], Shi ], Chen H, et al. Functional oral nanoparticles for delivering silibinin
and cryptotanshinone against breast cancer lung metastasis. ] Nanobiotechnology. 2020;18:83. [DOI]
[PubMed] [PMC(]

Zhao H, Han B, Li X, Sun C, Zhai Y, Li M, et al. Salvia miltiorrhiza in Breast Cancer Treatment: A
Review of Its Phytochemistry, Derivatives, Nanoparticles, and Potential Mechanisms. Front
Pharmacol. 2022;13:872085. [DOI] [PubMed] [PMC(]

Laurent S, Forge D, Port M, Roch A, Robic C, Vander Elst L, et al. Magnetic iron oxide nanoparticles:
synthesis, stabilization, vectorization, physicochemical characterizations, and biological applications.
Chem Rev. 2008;108:2064-110. [DOI] [PubMed]

Gavas S, Quazi S, Karpinski TM. Nanoparticles for Cancer Therapy: Current Progress and Challenges.
Nanoscale Res Lett. 2021;16:173. [DOI] [PubMed] [PMC]

Shin WK, Cho ], Kannan AG, Lee YS, Kim DW. Cross-linked Composite Gel Polymer Electrolyte using
Mesoporous Methacrylate-Functionalized SiO2 Nanoparticles for Lithium-lon Polymer Batteries. Sci
Rep. 2016;6:26332. [DOI] [PubMed] [PMC]

Prokop A, Davidson JM. Nanovehicular intracellular delivery systems. ] Pharm Sci. 2008;97:3518-90.
[DOI] [PubMed] [PMC(]

Khan T, Gurav P. PhytoNanotechnology: Enhancing Delivery of Plant Based Anti-cancer Drugs. Front
Pharmacol. 2018;8:1002. [DOI] [PubMed] [PMC]

Alshatwi AA, Athinarayanan ], Vaiyapuri Subbarayan P. Green synthesis of platinum nanoparticles
that induce cell death and G2/M-phase cell cycle arrest in human cervical cancer cells. ] Mater Sci
Mater Med. 2015;26:5330. [DOI] [PubMed]

Rao PV, Nallappan D, Madhavi K, Rahman S, Jun Wei L, Gan SH. Phytochemicals and Biogenic Metallic
Nanoparticles as Anticancer Agents. Oxid Med Cell Longev. 2016;2016:3685671. [DOI] [PubMed]
[PMC]

Arruda SC, Silva AL, Galazzi RM, Azevedo RA, Arruda MA. Nanoparticles applied to plant science: a
review. Talanta. 2015;131:693-705. [DOI] [PubMed]

Explor Target Antitumor Ther. 2025;6:1002285 | https://doi.org/10.37349/etat.2025.1002285 Page 22


https://dx.doi.org/10.1007/s12029-021-00788-7
http://www.ncbi.nlm.nih.gov/pubmed/35043370
https://dx.doi.org/10.1038/s41598-024-56275-z
http://www.ncbi.nlm.nih.gov/pubmed/38461314
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10925055
https://dx.doi.org/10.3390/plants12122337
http://www.ncbi.nlm.nih.gov/pubmed/37375962
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10304048
https://dx.doi.org/10.1007/s12032-023-02032-7
http://www.ncbi.nlm.nih.gov/pubmed/37156929
https://dx.doi.org/10.2147/IJN.S219042
http://www.ncbi.nlm.nih.gov/pubmed/32021173
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6970107
https://dx.doi.org/10.1016/j.tiv.2020.104910
http://www.ncbi.nlm.nih.gov/pubmed/32526345
https://dx.doi.org/10.1002/bab.2160
http://www.ncbi.nlm.nih.gov/pubmed/33811673
https://dx.doi.org/10.1186/s12951-020-00638-x
http://www.ncbi.nlm.nih.gov/pubmed/32473632
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7260741
https://dx.doi.org/10.3389/fphar.2022.872085
http://www.ncbi.nlm.nih.gov/pubmed/35600860
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9117704
https://dx.doi.org/10.1021/cr068445e
http://www.ncbi.nlm.nih.gov/pubmed/18543879
https://dx.doi.org/10.1186/s11671-021-03628-6
http://www.ncbi.nlm.nih.gov/pubmed/34866166
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8645667
https://dx.doi.org/10.1038/srep26332
http://www.ncbi.nlm.nih.gov/pubmed/27189842
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4870681
https://dx.doi.org/10.1002/jps.21270
http://www.ncbi.nlm.nih.gov/pubmed/18200527
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3747665
https://dx.doi.org/10.3389/fphar.2017.01002
http://www.ncbi.nlm.nih.gov/pubmed/29479316
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5811929
https://dx.doi.org/10.1007/s10856-014-5330-1
http://www.ncbi.nlm.nih.gov/pubmed/25577212
https://dx.doi.org/10.1155/2016/3685671
http://www.ncbi.nlm.nih.gov/pubmed/27057273
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4781993
https://dx.doi.org/10.1016/j.talanta.2014.08.050
http://www.ncbi.nlm.nih.gov/pubmed/25281161

55.

56.

57.

58.

59.

60.

61.

62.
63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Chaudhary KR, Banik P, Singh K. Recent trends in the delivery of plant-derived phytochemicals
against various cancers using Nanotechnological approach: A comprehensive review. ] Drug Deliv Sci
Technol. 2023;87:104859. [DOI]

Amreddy N, Babu A, Muralidharan R, Panneerselvam J, Srivastava A, Ahmed R, et al. Recent Advances
in Nanoparticle-Based Cancer Drug and Gene Delivery. Adv Cancer Res. 2018;137:115-70. [DOI]
[PubMed] [PMC]

Dong Y, Fu R, Yang ], Ma P, Liang L, Mi Y, et al. Folic acid-modified ginsenoside Rg5-loaded bovine
serum albumin nanoparticles for targeted cancer therapy in vitro and in vivo. Int ] Nanomedicine.
2019;14:6971-88. [DOI] [PubMed] [PMC(]

Zhou Y, Chen D, Xue G, Yu S, Yuan C, Huang M, et al. Improved therapeutic efficacy of quercetin-
loaded polymeric nanoparticles on triple-negative breast cancer by inhibiting uPA. RSC Adv. 2020;
10:34517-26. [DOI] [PubMed] [PMC]

Kumari M, Sharma N, Manchanda R, Gupta N, Syed A, Bahkali AH, et al. PGMD/curcumin
nanoparticles for the treatment of breast cancer. Sci Rep. 2021;11:3824. [DOI] [PubMed] [PMC(]
Valizadeh A, Khaleghi AA, Roozitalab G, Osanloo M. High anticancer efficacy of solid lipid
nanoparticles containing Zataria multiflora essential oil against breast cancer and melanoma cell
lines. BMC Pharmacol Toxicol. 2021;22:52. [DOI] [PubMed] [PMC(]

Mohammed HA, Khan RA, Singh V, Yusuf M, Akhtar N, Sulaiman GM, et al. Solid lipid nanoparticles
for targeted natural and synthetic drugs delivery in high-incidence cancers, and other diseases:
Roles of preparation methods, lipid composition, transitional stability, and release profiles in
nanocarriers’ development. Nanotechnol Rev. 2023;12. [DOI]

Pegtel DM, Gould S]. Exosomes. Annu Rev Biochem. 2019;88:487-514. [DOI] [PubMed]

Samad A, Sultana Y, Aqil M. Liposomal drug delivery systems: an update review. Curr Drug Deliv.
2007;4:297-305. [DOI] [PubMed]

Allen TM, Cullis PR. Liposomal drug delivery systems: from concept to clinical applications. Adv Drug
Deliv Rev. 2013;65:36-48. [DOI] [PubMed]

Zhang L, Gu FX, Chan JM, Wang AZ, Langer RS, Farokhzad OC. Nanoparticles in medicine: therapeutic
applications and developments. Clin Pharmacol Ther. 2008;83:761-9. [DOI] [PubMed]

Deshmukh PK, Mutha RE, Surana SJ. Electrostatic deposition assisted preparation, characterization
and evaluation of chrysin liposomes for breast cancer treatment. Drug Dev Ind Pharm. 2021;47:
809-19. [DOI] [PubMed]

Patel PK, Sahu ], Chandel SS. A Detailed Review on Nociceptive Models for the Screening of Analgesic
Activity in Experimental Animals. Int ] Neu Phy Ther. 2016;2:44-50. [DOI]

Wang X, Yang L, Chen ZG, Shin DM. Application of nanotechnology in cancer therapy and imaging. CA
Cancer ] Clin. 2008;58:97-110. [DOI] [PubMed]

Lim ], Kostiainen M, Maly ], da Costa VCP, Annunziata O, Pavan GM, et al. Synthesis of large
dendrimers with the dimensions of small viruses. ] Am Chem Soc. 2013;135:4660-3. [DOI] [PubMed]
[PMC]

Lo ST, Kumar A, Hsieh JT, Sun X. Dendrimer nanoscaffolds for potential theranostics of prostate
cancer with a focus on radiochemistry. Mol Pharm. 2013;10:793-812. [DOI] [PubMed] [PMC]

Gao Y, Li Z, Xie X, Wang C, You ], Mo F, et al. Dendrimeric anticancer prodrugs for targeted delivery of
ursolic acid to folate receptor-expressing cancer cells: synthesis and biological evaluation. Eur ]
Pharm Sci. 2015;70:55-63. [DOI] [PubMed]

Du M, Yang Z, Lu W, Wang B, Wang Q, Chen Z, et al. Design and development of spirulina
polysaccharide-loaded nanoemulsions with improved the antitumor effects of paclitaxel. ]
Microencapsul. 2020;37:403-12. [DOI] [PubMed]

Dianzani C, Monge C, Miglio G, Serpe L, Martina K, Cangemi L, et al. Nanoemulsions as Delivery
Systems for Poly-Chemotherapy Aiming at Melanoma Treatment. Cancers (Basel). 2020;12:1198.
[DOI] [PubMed] [PMC(]

Explor Target Antitumor Ther. 2025;6:1002285 | https://doi.org/10.37349/etat.2025.1002285 Page 23


https://dx.doi.org/10.1016/j.jddst.2023.104859
https://dx.doi.org/10.1016/bs.acr.2017.11.003
http://www.ncbi.nlm.nih.gov/pubmed/29405974
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6550462
https://dx.doi.org/10.2147/IJN.S210882
http://www.ncbi.nlm.nih.gov/pubmed/31507319
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6718740
https://dx.doi.org/10.1039/d0ra04231e
http://www.ncbi.nlm.nih.gov/pubmed/35514369
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9056791
https://dx.doi.org/10.1038/s41598-021-81701-x
http://www.ncbi.nlm.nih.gov/pubmed/33589661
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7884397
https://dx.doi.org/10.1186/s40360-021-00523-9
http://www.ncbi.nlm.nih.gov/pubmed/34587996
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8482686
https://dx.doi.org/10.1515/ntrev-2022-0517
https://dx.doi.org/10.1146/annurev-biochem-013118-111902
http://www.ncbi.nlm.nih.gov/pubmed/31220978
https://dx.doi.org/10.2174/156720107782151269
http://www.ncbi.nlm.nih.gov/pubmed/17979650
https://dx.doi.org/10.1016/j.addr.2012.09.037
http://www.ncbi.nlm.nih.gov/pubmed/23036225
https://dx.doi.org/10.1038/sj.clpt.6100400
http://www.ncbi.nlm.nih.gov/pubmed/17957183
https://dx.doi.org/10.1080/03639045.2021.1934873
http://www.ncbi.nlm.nih.gov/pubmed/34039121
https://dx.doi.org/10.11648/j.ijnpt.20160206.11
https://dx.doi.org/10.3322/CA.2007.0003
http://www.ncbi.nlm.nih.gov/pubmed/18227410
https://dx.doi.org/10.1021/ja400432e
http://www.ncbi.nlm.nih.gov/pubmed/23398590
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3638248
https://dx.doi.org/10.1021/mp3005325
http://www.ncbi.nlm.nih.gov/pubmed/23294202
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3599782
https://dx.doi.org/10.1016/j.ejps.2015.01.007
http://www.ncbi.nlm.nih.gov/pubmed/25638419
https://dx.doi.org/10.1080/02652048.2020.1767224
http://www.ncbi.nlm.nih.gov/pubmed/32401077
https://dx.doi.org/10.3390/cancers12051198
http://www.ncbi.nlm.nih.gov/pubmed/32397484
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7281359

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

Hiremath CG, Heggnnavar GB, Kariduraganavar MY, Hiremath MB. Co-delivery of paclitaxel and
curcumin to foliate positive cancer cells using Pluronic-coated iron oxide nanoparticles. Prog
Biomater. 2019;8:155-68. [DOI] [PubMed] [PMC(]

Swaminathan S, Pastero L, Serpe L, Trotta F, Vavia P, Aquilano D, et al. Cyclodextrin-based
nanosponges encapsulating camptothecin: physicochemical characterization, stability and
cytotoxicity. Eur ] Pharm Biopharm. 2010;74:193-201. [DOI] [PubMed]

Krishna KV, Ménard-Moyon C, Verma S, Bianco A. Graphene-based nanomaterials for

nanobiotechnology and biomedical applications. Nanomedicine (Lond). 2013;8:1669-88. [DOI]
[PubMed]

Fiorillo M, Verre AF, Iliut M, Peiris-Pagés M, Ozsvari B, Gandara R, et al. Graphene oxide selectively
targets cancer stem cells, across multiple tumor types: implications for non-toxic cancer treatment,
via “differentiation-based nano-therapy”. Oncotarget. 2015;6:3553-62. [DOI] [PubMed] [PMC(]

Mroz P, Tegos GP, Gali H, Wharton T, Sarna T, Hamblin MR. Photodynamic therapy with fullerenes.
Photochem Photobiol Sci. 2007;6:1139-49. [DOI] [PubMed] [PMC]

Tabata Y, Murakami Y, Ikada Y. Photodynamic effect of polyethylene glycol-modified fullerene on
tumor. Jpn ] Cancer Res. 1997;88:1108-16. [DOI] [PubMed] [PMC(]

Li H, Zhang N, Hao Y, Wang Y, Jia S, Zhang H. Enhancement of curcumin antitumor efficacy and
further photothermal ablation of tumor growth by single-walled carbon nanotubes delivery system
in vivo. Drug Deliv. 2019;26:1017-26. [DOI] [PubMed] [PMC(]

Mousa SA, Bharali D]. Nanotechnology-based detection and targeted therapy in cancer: nano-bio
paradigms and applications. Cancers (Basel). 2011;3:2888-903. [DOI] [PubMed] [PMC(]

Cuenca AG, Jiang H, Hochwald SN, Delano M, Cance WG, Grobmyer SR. Emerging implications of
nanotechnology on cancer diagnostics and therapeutics. Cancer. 2006;107:459-66. [DOI] [PubMed]
Schroeder A, Heller DA, Winslow MM, Dahlman JE, Pratt GW, Langer R, et al. Treating metastatic
cancer with nanotechnology. Nat Rev Cancer. 2011;12:39-50. [DOI] [PubMed]

Guarneri V, Dieci MV, Conte P. Enhancing intracellular taxane delivery: current role and perspectives
of nanoparticle albumin-bound paclitaxel in the treatment of advanced breast cancer. Expert Opin
Pharmacother. 2012;13:395-406. [DOI] [PubMed]

Chan WC, Nie S. Quantum dot bioconjugates for ultrasensitive nonisotopic detection. Science. 1998;
281:2016-8. [DOI] [PubMed]

Bera D, Qian L, Tseng TK, Holloway PH. Quantum Dots and Their Multimodal Applications: A Review.
Materials. 2010;3:2260-345. [DOI]

Carrillo-Carrion C, Cardenas S, Simonet BM, Valcarcel M. Quantum dots luminescence enhancement
due to illumination with UV/Vis light. Chem Commun (Camb). 2009:5214-26. [DOI] [PubMed]
Bagalkot V, Zhang L, Levy-Nissenbaum E, Jon S, Kantoff PW, Langer R, et al. Quantum dot-aptamer
conjugates for synchronous cancer imaging, therapy, and sensing of drug delivery based on bi-
fluorescence resonance energy transfer. Nano Lett. 2007;7:3065-70. [DOI] [PubMed]

Baig MS, Suryawanshi RM, Zehravi M, Mahajan HS, Rana R, Banu A, et al. Surface decorated quantum
dots: Synthesis, properties and role in herbal therapy. Front Cell Dev Biol. 2023;11. [DOI]

Castaneda RT, Khurana A, Khan R, Daldrup-Link HE. Labeling stem cells with ferumoxytol, an FDA-
approved iron oxide nanoparticle. ] Vis Exp. 2011:e3482. [DOI] [PubMed] [PMC]

Basoglu H, Goncu B, Akbas F. Magnetic nanoparticle-mediated gene therapy to induce Fas apoptosis
pathway in breast cancer. Cancer Gene Ther. 2018;25:141-7. [DOI] [PubMed]

Avval ZM, Malekpour L, Raeisi F, Babapoor A, Mousavi SM, Hashemi SA, et al. Introduction of
magnetic and supermagnetic nanoparticles in new approach of targeting drug delivery and cancer
therapy application. Drug Metab Rev. 2020;52:157-84. [DOI] [PubMed]

Chariou PL, Ortega-Rivera OA, Steinmetz NF. Nanocarriers for the Delivery of Medical, Veterinary,
and Agricultural Active Ingredients. ACS Nano. 2020;14:2678-701. [DOI] [PubMed] [PMC]

Explor Target Antitumor Ther. 2025;6:1002285 | https://doi.org/10.37349/etat.2025.1002285 Page 24


https://dx.doi.org/10.1007/s40204-019-0118-5
http://www.ncbi.nlm.nih.gov/pubmed/31197663
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6825627
https://dx.doi.org/10.1016/j.ejpb.2009.11.003
http://www.ncbi.nlm.nih.gov/pubmed/19900544
https://dx.doi.org/10.2217/nnm.13.140
http://www.ncbi.nlm.nih.gov/pubmed/24074389
https://dx.doi.org/10.18632/oncotarget.3348
http://www.ncbi.nlm.nih.gov/pubmed/25708684
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4414136
https://dx.doi.org/10.1039/b711141j
http://www.ncbi.nlm.nih.gov/pubmed/17973044
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2933422
https://dx.doi.org/10.1111/j.1349-7006.1997.tb00336.x
http://www.ncbi.nlm.nih.gov/pubmed/9439687
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5921311
https://dx.doi.org/10.1080/10717544.2019.1672829
http://www.ncbi.nlm.nih.gov/pubmed/31578087
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6781245
https://dx.doi.org/10.3390/cancers3032888
http://www.ncbi.nlm.nih.gov/pubmed/24212938
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3759178
https://dx.doi.org/10.1002/cncr.22035
http://www.ncbi.nlm.nih.gov/pubmed/16795065
https://dx.doi.org/10.1038/nrc3180
http://www.ncbi.nlm.nih.gov/pubmed/22193407
https://dx.doi.org/10.1517/14656566.2012.651127
http://www.ncbi.nlm.nih.gov/pubmed/22263900
https://dx.doi.org/10.1126/science.281.5385.2016
http://www.ncbi.nlm.nih.gov/pubmed/9748158
https://dx.doi.org/10.3390/ma3042260
https://dx.doi.org/10.1039/b904381k
http://www.ncbi.nlm.nih.gov/pubmed/19707627
https://dx.doi.org/10.1021/nl071546n
http://www.ncbi.nlm.nih.gov/pubmed/17854227
https://dx.doi.org/10.3389/fcell.2023.1139671
https://dx.doi.org/10.3791/3482
http://www.ncbi.nlm.nih.gov/pubmed/22083287
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3308617
https://dx.doi.org/10.1038/s41417-018-0017-2
http://www.ncbi.nlm.nih.gov/pubmed/29593359
https://dx.doi.org/10.1080/03602532.2019.1697282
http://www.ncbi.nlm.nih.gov/pubmed/31834823
https://dx.doi.org/10.1021/acsnano.0c00173
http://www.ncbi.nlm.nih.gov/pubmed/32125825
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8085836

94.

95.

96.

97.

98.

99,

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

Meng ], Fan |, Galiana G, Branca RT, Clasen PL, Ma S, et al. LHRH-functionalized superparamagnetic
iron oxide nanoparticles for breast cancer targeting and contrast enhancement in MRI. Mater Sci Eng
C.2009;29:1467-79. [DOI]

Legge (], Colley HE, Lawson MA, Rawlings AE. Targeted magnetic nanoparticle hyperthermia for the
treatment of oral cancer. ] Oral Pathol Med. 2019;48:803-9. [DOI] [PubMed]

Montazerabadi A, Beik |, Irajirad R, Attaran N, Khaledi S, Ghaznavi H, et al. Folate-modified and
curcumin-loaded dendritic magnetite nanocarriers for the targeted thermo-chemotherapy of cancer
cells. Artif Cells Nanomed Biotechnol. 2019;47:330-40. [DOI] [PubMed]

Ma D. Chapter 1 - Hybrid Nanoparticles: An Introduction. In: Mohapatra S, Nguyen TA, Nguyen-Tri P,
editors. Noble Metal-Metal Oxide Hybrid Nanoparticles. Woodhead Publishing; 2019. pp. 3-6. [DOI]
He C, Lu ], Lin W. Hybrid nanoparticles for combination therapy of cancer. ] Control Release. 2015;
219:224-36. [DOI] [PubMed] [PMC]

Huang X, El-Sayed IH, Qian W, El-Sayed MA. Cancer cell imaging and photothermal therapy in the
near-infrared region by using gold nanorods. ] Am Chem Soc. 2006;128:2115-20. [DOI] [PubMed]
Corr SA, Rakovich YP, Gun’ko YK. Multifunctional magnetic-fluorescent nanocomposites for
biomedical applications. Nanoscale Res Lett. 2008;3:87-104. [DOI]

Sailor MJ, Park JH. Hybrid nanoparticles for detection and treatment of cancer. Adv Mater. 2012;24:
3779-802. [DOI] [PubMed] [PMC(]

Micale N, Molonia MS, Citarella A, Cimino F, Saija A, Cristani M, et al. Natural Product-Based Hybrids
as Potential Candidates for the Treatment of Cancer: Focus on Curcumin and Resveratrol. Molecules.
2021;26:4665. [DOI] [PubMed] [PMC]

Rezakhani L, Fekri K, Rostaminasab G, Rahmati S. Exosomes: special nano-therapeutic carrier for
cancers, overview on anticancer drugs. Med Oncol. 2022;40:31. [DOI] [PubMed]

Rahmati S, Karimi H, Alizadeh M, Khazaei AH, Paiva-Santos AC, Rezakhani L, et al. Prospects of plant-
derived exosome-like nanocarriers in oncology and tissue engineering. Hum Cell. 2024;37:121-38.
[DOI] [PubMed]

Chen Q, Li Q, Liang Y, Zu M, Chen N, Canup BSB, et al. Natural exosome-like nanovesicles from edible
tea flowers suppress metastatic breast cancer via ROS generation and microbiota modulation. Acta
Pharm Sin B. 2022;12:907-23. [DOI] [PubMed] [PMC(]

Azhari Rad R, Naghdi Y, Majidi Jamalabadi M, Masoumi S, Rezakhani L, Alizadeh M. Tissue
Engineering Scaffolds Loaded With a Variety of Plant Extracts: Novel Model in Breast Cancer
Therapy. Breast Cancer (Auckl). 2024;18:11782234241236358. [DOI] [PubMed] [PMC(]

Rezakhani L, Alizadeh M, Sharifi E, Soleimannejad M, Alizadeh A. Isolation and Characterization of
Crab Haemolymph Exosomes and Its Effects on Breast Cancer Cells (4T1). Cell J. 2021;23:658-64.
[DOI] [PubMed] [PMC(]

Rahmati S, Alizadeh M, Mirzapour P, Miller A, Rezakhani L. The effect of marine algae-derived
exosomes on breast cancer cells: Hypothesis on a new treatment for cancer. ] Cancer Res Ther. 2023;
19:218-20. [DOI] [PubMed]

Jafari A, Karimabadi K, Rahimi A, Rostaminasab G, Khazaei M, Rezakhani L, et al. The Emerging Role
of Exosomal miRNAs as Biomarkers for Early Cancer Detection: A Comprehensive Literature Review.
Technol Cancer Res Treat. 2023;22:15330338231205999. [DOI] [PubMed] [PMC]

Anani H, Baluchi I, Farsinejad A, Fatemi A, Khalilabadi RM. Zataria multiflora methanolic extract has
antitumor properties on U266 multiple myeloma cell line. Gene Rep. 2020;20:100655. [DOI]

Zhou L, Li X, Chen X, Li Z, Liu X, Zhou S, et al. In vivo antitumor and antimetastatic activities of
camptothecin encapsulated with N-trimethyl chitosan in a preclinical mouse model of liver cancer.
Cancer Lett. 2010;297:56-64. [DOI] [PubMed]

Tomeh MA, Hadianamrei R, Zhao X. A Review of Curcumin and Its Derivatives as Anticancer Agents.
Int ] Mol Sci. 2019;20:1033. [DOI] [PubMed] [PMC]

Explor Target Antitumor Ther. 2025;6:1002285 | https://doi.org/10.37349/etat.2025.1002285 Page 25


https://dx.doi.org/10.1016/j.msec.2008.09.039
https://dx.doi.org/10.1111/jop.12921
http://www.ncbi.nlm.nih.gov/pubmed/31309616
https://dx.doi.org/10.1080/21691401.2018.1557670
http://www.ncbi.nlm.nih.gov/pubmed/30688084
https://dx.doi.org/10.1016/B978-0-12-814134-2.00001-2
https://dx.doi.org/10.1016/j.jconrel.2015.09.029
http://www.ncbi.nlm.nih.gov/pubmed/26387745
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4656047
https://dx.doi.org/10.1021/ja057254a
http://www.ncbi.nlm.nih.gov/pubmed/16464114
https://dx.doi.org/10.1007/s11671-008-9122-8
https://dx.doi.org/10.1002/adma.201200653
http://www.ncbi.nlm.nih.gov/pubmed/22610698
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3517011
https://dx.doi.org/10.3390/molecules26154665
http://www.ncbi.nlm.nih.gov/pubmed/34361819
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8348089
https://dx.doi.org/10.1007/s12032-022-01887-6
http://www.ncbi.nlm.nih.gov/pubmed/36460860
https://dx.doi.org/10.1007/s13577-023-00994-4
http://www.ncbi.nlm.nih.gov/pubmed/37878214
https://dx.doi.org/10.1016/j.apsb.2021.08.016
http://www.ncbi.nlm.nih.gov/pubmed/35256954
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8897038
https://dx.doi.org/10.1177/11782234241236358
http://www.ncbi.nlm.nih.gov/pubmed/38476474
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10929036
https://dx.doi.org/10.22074/cellj.2021.7595
http://www.ncbi.nlm.nih.gov/pubmed/34939759
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8665981
https://dx.doi.org/10.4103/0973-1482.371856
http://www.ncbi.nlm.nih.gov/pubmed/37006061
https://dx.doi.org/10.1177/15330338231205999
http://www.ncbi.nlm.nih.gov/pubmed/37817634
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10566290
https://dx.doi.org/10.1016/j.genrep.2020.100655
https://dx.doi.org/10.1016/j.canlet.2010.04.024
http://www.ncbi.nlm.nih.gov/pubmed/20546992
https://dx.doi.org/10.3390/ijms20051033
http://www.ncbi.nlm.nih.gov/pubmed/30818786
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6429287

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

Venditto V], Simanek EE. Cancer therapies utilizing the camptothecins: a review of the in vivo
literature. Mol Pharm. 2010;7:307-49. [DOI] [PubMed] [PMC]

Banerjee S, Katiyar P, Kumar V, Saini SS, Varshney R, Krishnan V, et al. Black pepper and piperine
induce anticancer effects on leukemia cell line. Toxicol Res (Camb). 2021;10:169-82. [DOI]
[PubMed] [PMC]

Rather RA, Bhagat M. Cancer Chemoprevention and Piperine: Molecular Mechanisms and
Therapeutic Opportunities. Front Cell Dev Biol. 2018;6:10. [DOI] [PubMed] [PMC]

Kumar G, Virmani T, Sharma A, Pathak K. Codelivery of Phytochemicals with Conventional
Anticancer Drugs in Form of Nanocarriers. Pharmaceutics. 2023;15:889. [DOI] [PubMed] [PMC(]
Mohapatra P, Singh P, Singh D, Sahoo S, Sahoo SK. Phytochemical based nanomedicine: a panacea for
cancer treatment, present status and future prospective. OpenNano. 2022;7:100055. [DOI]

Son ], Yang SM, Yi G, Roh Y], Park H, Park JM, et al. Folate-modified PLGA nanoparticles for tumor-

targeted delivery of pheophorbide a in vivo. Biochem Biophys Res Commun. 2018;498:523-8. [DOI]
[PubMed]

Brigger I, Dubernet C, Couvreur P. Nanoparticles in cancer therapy and diagnosis. Adv Drug Deliv
Rev. 2012;64:24-36. [DOI]

Fukumori Y, Ichikawa H. Nanoparticles for cancer therapy and diagnosis. Adv Powder Technol. 2006;
17:1-28. [DOI]

Subramanian S, Prasanna R, Biswas G, Das Majumdar SK, Joshi N, Bunger D, et al. Nanosomal
Docetaxel Lipid Suspension-Based Chemotherapy in Breast Cancer: Results from a Multicenter
Retrospective Study. Breast Cancer (Dove Med Press). 2020;12:77-85. [DOI] [PubMed] [PMC(]

Wang M, Thanou M. Targeting nanoparticles to cancer. Pharmacol Res. 2010;62:90-9. [DOI]
[PubMed]

Fawzy RM, Abdel-Aziz AA, Bassiouny K, Fayed AM. Phytocompounds-based therapeutic approach:
Investigating curcumin and green tea extracts on MCF-7 breast cancer cell line. | Genet Eng
Biotechnol. 2024;22:100339. [DOI] [PubMed] [PMC(]

Blanco Carcache PJ, Addo EM, Kinghorn AD. Higher Plant Sources of Cancer Chemotherapeutic
Agents and the Potential Role of Biotechnological Approaches for Their Supply. In: Ekiert HM,
Ramawat KG, Arora ], editors. Medicinal Plants: Domestication, Biotechnology and Regional
Importance. Cham: Springer International Publishing; 2021. pp. 545-81. [DOI]

Basu S, Mukherjee S, Chakraborty S, Dey A. Role of traditional Indian plants on treating
myelosuppression caused by chemotherapy with special reference to cyclophosphamide. The
Nucleus. 2023. [DOI]

Sulaiman MK, Lakshmanan ]. Systemic and Anticancer Potential of Adaptogenic Constituents Isolated

from Traditional Herbs - A Mini-Review. Anticancer Agents Med Chem. 2022;22:2811-21. [DOI]
[PubMed]

Ye L, Zhao JF, Wang YM, Chen WH, Qian S, Zhou ZG, et al. Brucea javanica oil emulsion suppresses
tumor growth in human cervical cancer cells through inhibition of the E6 oncogene and induction of
apoptosis. Transl Cancer Res. 2020;9:918-29. [DOI] [PubMed] [PMC(]

Gao R, Zhang Y, Hou W, Li ], Zhu G, Zhang X, et al. Combination of first-line chemotherapy with
Kanglaite injections versus first-line chemotherapy alone for advanced non-small-cell lung cancer:
study protocol for an investigator-initiated, multicenter, open-label, randomized controlled trial.
Trials. 2021;22:214. [DOI] [PubMed] [PMC]

Cao L, Zhu G, Wang X, Kuang Z, Song X, Ma X, et al. Yiqi Wenyang Jiedu prescription for preventing
and treating postoperative recurrence and metastasis of gastric cancer: a randomized controlled
trial protocol. Front Oncol. 2024;14:1326970. [DOI] [PubMed] [PMC(]

Yang ], Li Y, Chau CI, Shi ], Chen X, Hu H, et al. Efficacy and safety of traditional Chinese medicine for
cancer-related fatigue: a systematic literature review of randomized controlled trials. Chin Med.
2023;18:142. [DOI] [PubMed] [PMC(]

Explor Target Antitumor Ther. 2025;6:1002285 | https://doi.org/10.37349/etat.2025.1002285 Page 26


https://dx.doi.org/10.1021/mp900243b
http://www.ncbi.nlm.nih.gov/pubmed/20108971
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3733266
https://dx.doi.org/10.1093/toxres/tfab001
http://www.ncbi.nlm.nih.gov/pubmed/33884168
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8045589
https://dx.doi.org/10.3389/fcell.2018.00010
http://www.ncbi.nlm.nih.gov/pubmed/29497610
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5818432
https://dx.doi.org/10.3390/pharmaceutics15030889
http://www.ncbi.nlm.nih.gov/pubmed/36986748
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10055866
https://dx.doi.org/10.1016/j.onano.2022.100055
https://dx.doi.org/10.1016/j.bbrc.2018.03.013
http://www.ncbi.nlm.nih.gov/pubmed/29518390
https://dx.doi.org/10.1016/j.addr.2012.09.006
https://dx.doi.org/10.1163/156855206775123494
https://dx.doi.org/10.2147/BCTT.S236108
http://www.ncbi.nlm.nih.gov/pubmed/32547188
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7250303
https://dx.doi.org/10.1016/j.phrs.2010.03.005
http://www.ncbi.nlm.nih.gov/pubmed/20380880
https://dx.doi.org/10.1016/j.jgeb.2023.100339
http://www.ncbi.nlm.nih.gov/pubmed/38494270
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10980874
https://dx.doi.org/10.1007/978-3-030-74779-4_17
https://dx.doi.org/10.1007/s13237-023-00461-3
https://dx.doi.org/10.2174/1871520622666220408091610
http://www.ncbi.nlm.nih.gov/pubmed/35400325
https://dx.doi.org/10.21037/tcr.2019.12.62
http://www.ncbi.nlm.nih.gov/pubmed/35117437
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8797272
https://dx.doi.org/10.1186/s13063-021-05169-w
http://www.ncbi.nlm.nih.gov/pubmed/33731199
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7966914
https://dx.doi.org/10.3389/fonc.2024.1326970
http://www.ncbi.nlm.nih.gov/pubmed/39035732
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11257841
https://dx.doi.org/10.1186/s13020-023-00849-y
http://www.ncbi.nlm.nih.gov/pubmed/37907925
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10619240

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

Compound Herbal Formula (TPE-1) for Leukopenia and Cancer-related Fatigue in Breast Cancer
Patients With Radiotherapy [Internet]. [Cited 2024 Nov 20]. Available from: https://clinicaltrials.go
v/study/NCT01142479?cond=cancer&intr=Herbal%20medicine&aggFilters=phase:3&rank=1
Evaluating the Clinical Value of Traditional Chinese Medicine in the Adjuvant Therapy of Triple-
negative Breast Cancer [Internet]. [Cited 2024 Nov 20]. Available from: https://clinicaltrials.gov/stu
dy/NCT04403529?cond=cancer&intr=Herbal%20medicine&aggFilters=phase:3&rank=2

Herbal Treatment to Improve Chemotherapy Delivery [Internet]. [Cited 2024 Nov 20]. Available
from: https://clinicaltrials.gov/study/NCT03716518?cond=cancer&intr=Herbal%20medicine&aggF
ilters=phase:3&rank=3

Ng ML, Majid AMSA, Yee SM, Natesan V, Basheer MKA, Gnanasekaran A, et al. A phase Il randomized,
double-blind, placebo-controlled study of Nuvastatic (C50SEW5050ESA), a standardized rosmarinic
acid-rich polymolecular botanical extract formulation to reduce cancer-related fatigue in patients
with solid tumors. Support Care Cancer. 2024;32:331. [DOI] [PubMed]

Evaluation of Clinical Efficacy and Safety of Nuvastatic in Cancer Asthenia [Internet]. [Cited 2024
Nov 20]. Available from: https://clinicaltrials.gov/study/NCT04546607?cond=cancer&intr=Herba
1%20medicine&aggFilters=phase:3&rank=4

Maekmoondong-tang on Post-operative Cough in Patients With Lung Cancer [Internet]. [Cited 2024
Nov 20]. Available from: https://clinicaltrials.gov/study/NCT03384667?cond=cancer&intr=Herba
1%20medicine&aggFilters=phase:3&rank=5

Cheon C, Kang S, Ko Y, Kim M, Jang BH, Shin YC, et al. Maekmoondong-tang in treatment of
postoperative cough in patients with lung cancer: Study protocol for a randomized, double-blind,
placebo-controlled, multicenter trial. Medicine (Baltimore). 2018;97:e11541. [DOI] [PubMed] [PMC]
Efficacy Study of Integrated TCM Combined With Chemotherapy in Postoperative NSCLC Patients
[Internet]. [Cited 2024 Nov 20]. Available from: https://clinicaltrials.gov/study/NCT014417527?con
d=cancer&intr=Herbal%20medicine&aggFilters=phase:3&rank=7

Xiao Z, Chen Z, Han R, Lu L, Li Z, Lin ], et al. Comprehensive TCM treatments combined with
chemotherapy for advanced non-small cell lung cancer: A randomized, controlled trial. Medicine
(Baltimore). 2021;100:e25690. [DOI] [PubMed] [PMC(]

Clinical Study of YY]JD Decoction Combined With Gefitinib in Advanced Pulmonary Adenocarcinoma
[Internet]. [Cited 2024 Nov 20]. Available from: https://clinicaltrials.gov/study/NCT02929693?con
d=cancer&intr=Herbal%20medicine&aggFilters=phase:3&rank=9

Shen |, Li], Yu P, Du G. Research Status and Hotspots of Anticancer Natural Products Based on the
Patent Literature and Scientific Articles. Front Pharmacol. 2022;13:903239. [DOI] [PubMed] [PMC(]
Chunarkar-Patil P, Kaleem M, Mishra R, Ray S, Ahmad A, Verma D, et al. Anticancer Drug Discovery
Based on Natural Products: From Computational Approaches to Clinical Studies. Biomedicines. 2024;
12:201. [DOI] [PubMed] [PMC(]

Septembre-Malaterre A, Lalarizo Rakoto M, Marodon C, Bedoui Y, Nakab ], Simon E, et al. Artemisia
annua, a Traditional Plant Brought to Light. Int ] Mol Sci. 2020;21:4986. [DOI] [PubMed] [PMC]
DiMauro TM, inventor; DePuy Spine LLC, DePuy Synthes Products Inc, assignee. Curcumin
derivatives. United States patent US8383865B2. 2013 Feb 26.

Kuzminska ], Szyk P, Mlynarczyk DT, Bakun P, Muszalska-Kolos I, Dettlaff K, et al. Curcumin
Derivatives in Medicinal Chemistry: Potential Applications in Cancer Treatment. Molecules. 2024;29:
5321. [DOI] [PubMed] [PMC(]

Jin X, Ruiz Beguerie ], Sze DM, Chan GC. Ganoderma lucidum (Reishi mushroom) for cancer
treatment. Cochrane Database Syst Rev. 2016;4:CD007731. [DOI] [PubMed] [PMC(]

Gao X, Homayoonfal M. Exploring the anti-cancer potential of Ganoderma lucidum polysaccharides
(GLPs) and their versatile role in enhancing drug delivery systems: a multifaceted approach to
combat cancer. Cancer Cell Int. 2023;23:324. [DOI] [PubMed] [PMC]

Explor Target Antitumor Ther. 2025;6:1002285 | https://doi.org/10.37349/etat.2025.1002285 Page 27


https://clinicaltrials.gov/study/NCT01142479?cond=cancer&intr=Herbal%20medicine&aggFilters=phase:3&rank=1
https://clinicaltrials.gov/study/NCT01142479?cond=cancer&intr=Herbal%20medicine&aggFilters=phase:3&rank=1
https://clinicaltrials.gov/study/NCT04403529?cond=cancer&intr=Herbal%20medicine&aggFilters=phase:3&rank=2
https://clinicaltrials.gov/study/NCT04403529?cond=cancer&intr=Herbal%20medicine&aggFilters=phase:3&rank=2
https://clinicaltrials.gov/study/NCT03716518?cond=cancer&intr=Herbal%20medicine&aggFilters=phase:3&rank=3
https://clinicaltrials.gov/study/NCT03716518?cond=cancer&intr=Herbal%20medicine&aggFilters=phase:3&rank=3
https://dx.doi.org/10.1007/s00520-024-08536-w
http://www.ncbi.nlm.nih.gov/pubmed/38710920
https://clinicaltrials.gov/study/NCT04546607?cond=cancer&intr=Herbal%20medicine&aggFilters=phase:3&rank=4
https://clinicaltrials.gov/study/NCT04546607?cond=cancer&intr=Herbal%20medicine&aggFilters=phase:3&rank=4
https://clinicaltrials.gov/study/NCT03384667?cond=cancer&intr=Herbal%20medicine&aggFilters=phase:3&rank=5
https://clinicaltrials.gov/study/NCT03384667?cond=cancer&intr=Herbal%20medicine&aggFilters=phase:3&rank=5
https://dx.doi.org/10.1097/MD.0000000000011541
http://www.ncbi.nlm.nih.gov/pubmed/30024544
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6086514
https://clinicaltrials.gov/study/NCT01441752?cond=cancer&intr=Herbal%20medicine&aggFilters=phase:3&rank=7
https://clinicaltrials.gov/study/NCT01441752?cond=cancer&intr=Herbal%20medicine&aggFilters=phase:3&rank=7
https://dx.doi.org/10.1097/MD.0000000000025690
http://www.ncbi.nlm.nih.gov/pubmed/33950949
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8104195
https://clinicaltrials.gov/study/NCT02929693?cond=cancer&intr=Herbal%20medicine&aggFilters=phase:3&rank=9
https://clinicaltrials.gov/study/NCT02929693?cond=cancer&intr=Herbal%20medicine&aggFilters=phase:3&rank=9
https://dx.doi.org/10.3389/fphar.2022.903239
http://www.ncbi.nlm.nih.gov/pubmed/35784720
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9247190
https://dx.doi.org/10.3390/biomedicines12010201
http://www.ncbi.nlm.nih.gov/pubmed/38255306
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10813144
https://dx.doi.org/10.3390/ijms21144986
http://www.ncbi.nlm.nih.gov/pubmed/32679734
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7404215
https://dx.doi.org/10.3390/molecules29225321
http://www.ncbi.nlm.nih.gov/pubmed/39598712
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11596437
https://dx.doi.org/10.1002/14651858.CD007731.pub3
http://www.ncbi.nlm.nih.gov/pubmed/27045603
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6353236
https://dx.doi.org/10.1186/s12935-023-03146-8
http://www.ncbi.nlm.nih.gov/pubmed/38104078
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10724890

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

Choudhari AS, Mandave PC, Deshpande M, Ranjekar P, Prakash O. Phytochemicals in Cancer
Treatment: From Preclinical Studies to Clinical Practice. Front Pharmacol. 2020;10:1614. [DOI]
[PubMed] [PMC]

Singh S, Sharma B, Kanwar SS, Kumar A. Lead Phytochemicals for Anticancer Drug Development.
Front Plant Sci. 2016;7:1667. [DOI] [PubMed] [PMC]

Ali Abdalla YO, Subramaniam B, Nyamathulla S, Shamsuddin N, Arshad NM, Mun KS§, et al. Natural
Products for Cancer Therapy: A Review of Their Mechanism of Actions and Toxicity in the Past
Decade. ] Trop Med. 2022;2022:5794350. [DOI] [PubMed] [PMC]

Malik P, Mukherjee TK. Structure-function elucidation of antioxidative and prooxidative activities of
the polyphenolic compound curcumin. Chin ] Biol. 2014;2014:1-8. [DOI]

Simoni D, Rizzi M, Rondanin R, Baruchello R, Marchetti P, Invidiata FP, et al. Antitumor effects of
curcumin and structurally beta-diketone modified analogs on multidrug resistant cancer cells.
Bioorg Med Chem Lett. 2008;18:845-9. [DOI] [PubMed]

Rohani Sarvestani Z, Hashemi M, Solati Z. m-stacking interactions between curcumin and aromatic
ring of amino acids in amyloid fibrils: A theoretical study. Comput Theor Chem. 2023;1225:114175.
[DOTI]

Priyadarsini KI. Chemical and structural features influencing the biological activity of curcumin. Curr
Pharm Des. 2013;19:2093-100. [DOI] [PubMed]

Chen H, Yang H, Fan D, Deng ]. The Anticancer Activity and Mechanisms of Ginsenosides: An Updated
Review. eFood. 2020;1:226-41. [DOI]

Chopra P, Chhillar H, Kim Y], Jo IH, Kim ST, Gupta R. Phytochemistry of ginsenosides: Recent
advancements and emerging roles. Crit Rev Food Sci Nutr. 2023;63:613-40. [DOI] [PubMed]

Zhang Q, Wang X, Lv L, Su G, Zhao Y. Antineoplastic activity, structural modification, synthesis and
structure-activity relationship of dammarane-type ginsenosides: an overview. Curr Org Chem. 2019;
23:503-16. [DOI]

Scotti L, Bezerra Mendonga Junior F], Magalhaes Moreira DR, da Silva MS, Pitta IR, Scotti MT. SAR,
QSAR and docking of anticancer flavonoids and variants: a review. Curr Top Med Chem. 2012;12:
2785-809. [DOI] [PubMed]

Rather RA, Bhagat M. Quercetin as an innovative therapeutic tool for cancer chemoprevention:
Molecular mechanisms and implications in human health. Cancer Med. 2020;9:9181-92. [DOI]
[PubMed] [PMC(]

Vafadar A, Shabaninejad Z, Movahedpour A, Fallahi F, Taghavipour M, Ghasemi Y, et al. Quercetin and
cancer: new insights into its therapeutic effects on ovarian cancer cells. Cell Biosci. 2020;10:32. [DOI]
[PubMed] [PMC]

Mondal A, Bose S, Mazumder K, Khanra R. Carvacrol (Origanum vulgare): Therapeutic Properties and
Molecular Mechanisms. In: Pal D, Nayak AK, editors. Bioactive Natural Products for Pharmaceutical
Applications. Cham: Springer International Publishing; 2021. pp. 437-62. [DOI]

Singh ], Lugman S, Meena A. Carvacrol as a Prospective Regulator of Cancer Targets/Signalling
Pathways. Curr Mol Pharmacol. 2023;16:542-58. [DOI] [PubMed]

Yazici A, Marinelli L, Cacciatore I, Emsen B, Eusepi P, Di Biase G, et al. Potential Anticancer Effect of
Carvacrol Codrugs on Human Glioblastoma Cells. Curr Drug Deliv. 2021;18:350-6. [DOI] [PubMed]
de Souza RL, Dantas AGB, de Oliveira Melo C, Felicio IM, Oliveira EE. Nanotechnology as a tool to

improve the biological activity of carvacrol: A review. ] Drug Deliv Sci Technol. 2022;76:103834.
[DOI]

Explor Target Antitumor Ther. 2025;6:1002285 | https://doi.org/10.37349/etat.2025.1002285 Page 28


https://dx.doi.org/10.3389/fphar.2019.01614
http://www.ncbi.nlm.nih.gov/pubmed/32116665
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7025531
https://dx.doi.org/10.3389/fpls.2016.01667
http://www.ncbi.nlm.nih.gov/pubmed/27877185
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5099879
https://dx.doi.org/10.1155/2022/5794350
http://www.ncbi.nlm.nih.gov/pubmed/35309872
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8933079
https://dx.doi.org/10.1155/2014/396708
https://dx.doi.org/10.1016/j.bmcl.2007.11.021
http://www.ncbi.nlm.nih.gov/pubmed/18039573
https://dx.doi.org/10.1016/j.comptc.2023.114175
https://dx.doi.org/10.2174/138161213805289228
http://www.ncbi.nlm.nih.gov/pubmed/23116315
https://dx.doi.org/10.2991/efood.k.200512.001
https://dx.doi.org/10.1080/10408398.2021.1952159
http://www.ncbi.nlm.nih.gov/pubmed/34278879
https://dx.doi.org/10.2174/1385272823666190401141138
https://dx.doi.org/10.2174/1568026611212240007
http://www.ncbi.nlm.nih.gov/pubmed/23368103
https://dx.doi.org/10.1002/cam4.1411
http://www.ncbi.nlm.nih.gov/pubmed/31568659
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7774748
https://dx.doi.org/10.1186/s13578-020-00397-0
http://www.ncbi.nlm.nih.gov/pubmed/32175075
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7063794
https://dx.doi.org/10.1007/978-3-030-54027-2_13
https://dx.doi.org/10.2174/1874467215666220705142954
http://www.ncbi.nlm.nih.gov/pubmed/35792130
https://dx.doi.org/10.2174/1567201817666201027123424
http://www.ncbi.nlm.nih.gov/pubmed/33109049
https://dx.doi.org/10.1016/j.jddst.2022.103834

	Abstract
	Keywords
	Introduction
	Phytoconstituents for the treatment of cancer
	Phytoconstituents based NPs for cancer treatment
	Type of NPs used with phytoconstituents for cancer treatment
	Organic NPs
	Polymeric NPs
	Solid lipid NPs (SLN)
	Liposomes
	Dendrimers
	Nanoemulsions

	Inorganic NPs
	Carbon NPs
	Metallic NPs
	Quantum dots
	Magnetic NPs

	Hybrid NPs
	Exosomes


	Challenges in conventional chemotherapy with phytochemicals
	Advantages of NPs in cancer therapy
	Clinical studies and patents of herbal medicines in cancer treatment
	Preclinical studies
	Clinical trials
	Patents in herbal medicine for cancer
	Patenting trends
	Key patented compounds and innovations
	Artemisinin
	Curcumin derivatives
	Polysaccharides



	Phytochemistry of chemical constituents loaded into NPs displaying anticancer activity
	Curcumin
	β-Diketone structure
	Aromatic rings and hydrophobicity
	Methoxy and hydroxyl groups
	Enol form
	Conjugated system

	Ginsenosides
	Triterpene structure
	Sugar moieties
	Aglycone and glycoside forms
	Hydroxyl groups

	Quercetin
	Antioxidant activity
	Anti-inflammatory effects
	Apoptosis induction
	Inhibition of angiogenesis
	Modulation of cell signaling
	Chemopreventive effects

	Carvacrol
	Induction of apoptosis
	Cell cycle arrest
	Anti-proliferative effects
	Inhibition of angiogenesis
	Modulation of signaling pathways


	Conclusions
	Abbreviations
	Declarations
	Acknowledgments
	Author contributions
	Conflicts of interest
	Ethical approval
	Consent to participate
	Consent to publication
	Availability of data and materials
	Funding
	Copyright

	Publisher’s note
	References

