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Use of Plant-Derived Nanoparticles 
in Cancer Therapy

R. Sai Nandhini, S. Kalpana Shree, Phalguni Maity, G. S. Madhumathi, 
Anindita Bhar, and Jeyanthi Palanivelu

1 � Use of Plant Resources in Cancer  
Therapy: Anticancer Phytochemical

Antineoplastic phytochemicals may be commonly extracted from edible plants, 
including medicinal plants, vegetables and fruits. The abundance and easy avail-
ability of plants make it phytochemicals to be used in different studies. In addition, 
phytochemicals found in these edible sources are usually safe for human consump-
tion, even beneficial for normal body function jobs. This means that they show less 
or no toxic effects in normal human organs and cells when used in the correspond-
ing physical concentration. Further research on pharmacological properties of the 
anti-cancer components of nature showed that they usually do not reflect only living 
organisms such as anti-inflammation, antioxidation and immuno-modulation, but 
also direct more cancer-related demonstration procedures and methods [1]. Their 
anti-cancer bioactivities include stimulating apoptosis, anti-growth and anti-
metastatic activities, working alone or in combination killing cancer cells. In short, 
phytochemicals can work in many ways to fight cancer. Once bioactive phytochemi-
cals are identified, it is often used as a structural basis modification or as a leading 
chemical to synthesise new compounds based on structure–function relationships, 
physicochemical features and pharmacodynamics for their development along with 
bioavailability and reduction of their toxins for continuous improvement [2]. A vari-
ety of novel phytochemicals have been found to have antineoplastic activity. They 
are currently in clinical trials or clinical use for the treatment of cancer and show 
promising clinical practice. Genistein, 5,7-dihydroxy-3-(4-hydroxyphenyl) chro-
men-4-one, belongs to a group of chemicals called flavones. It is found mainly in 
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leguminous plants, which include soybeans, lupine and fava beans. Studies show 
that genistein exhibits a number of beneficial biological effects: heart disease, dia-
betes, neuropathy, osteoporosis, inflammatory diseases and cancer. In the last 
decade, a few cancer-related clinical trials on genistein, including colorectal, pros-
tate, pancreatic, breast and kidney cancer, have been diagnosed worldwide. 
Meanwhile, the inhibition of the effects of genistein on different types of cancer and 
subcutaneous pathways are under investigation. Like phytoestrogen, genistein can 
competitively bind to oestrogen receptors (ERs) and affects oestrogen-dependent 
cancer (Fig. 1).

Hwang et al, reported that genistein inhibits the growth of ovarian cancer cells 
(BG-1) by suppressing both ER and insulin-like growth factor-1 receptor (IGF-1R) 
signalling methods  [3]. Genistein also presses proliferation and secretion of MCF-7 
and 3T3-L1 breast cancer cells by reducing regulation of ERα expression [4]. In 
addition, genistein induces apoptosis by inhibiting the nuclear factor-kappa B (NF-
κB) pathway in LoVo and HT-29 human colon cancer cells [5] and T-cell leukaemia 

Fig. 1  Plant resources containing nanoparticles used in cancer therapy
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cells [6]. In addition, genistein is active ATM/P53-dependent mechanisms in colon 
cancer cells (HCT-116 and SW-480) [7]. Genistein has been identified as a tyrosine 
kinase inhibitor and antiangiogenic agent as well.

A DNA topoisomerase II inhibitor, contributes to cancer therapy by its antineo-
plastic activity. Recently, there are reports of the regulatory effect of genistein on 
microRNA in cancer cells. Speeches of onco-miR-1260b in prostate cancer cells [8] 
and kidney cancer cells [9] are reduced by genistein. On the other hand, genistein 
controls the expression of tumour-suppressors miR-34a and miR-574-3p [10] pros-
tate cancer. Overall, these bioactivities of genistein result in the inhibition of cancer 
cell growth.

Lycopene is a carotenoid found in red fruits and vegetables, such as red carrot, 
watermelon, grapefruit, papaya and especially tomatoes. Because of polyunsatu-
rated hydrocarbon chain with 13 double bonds, 11 of them combined, lycopene is 
very lipophilic and shows strong antioxidant activities. It can prevent oxidative 
DNA damage and types of active oxygen (ROS) generation. This may have implica-
tions because of its chemopreventive activities against cancer [11]. Lycopene has 
shown therapeutic activity in breast cancer [12], leukaemia [13], ACTH-pituitary 
adenoma [14] and prostate cancer [15]. Holzapfel et al. report that the effectiveness 
of lycopene against prostate cancer is due to its ability to detect multiple steps and 
signal mechanisms in cancer development [16]. In a study by Yang et al. the growth 
of androgen-independent prostate tumour (PC3 cells) was severely inhibited there-
after by lycopene treatment in the model of mice xenograft. At the same time, lyco-
pene also suppressed the tumour cell proliferation by increasing the expression of 
increased cell nuclear antigen, reducing angiogenesis by lowering VEGF plasma 
levels and inhibiting IGF-1 signalling by elevating plasma IGF-binding protein 
level 3 [17]. An example of an anti-cancer phytochemical currently used clinically 
is paclitaxel, which is mitotic. The inhibitor was first discovered in the Pacific’s reef, 
Taxusbrevifolia in 1962, that paclitaxel strengthens cellular microtubules, thereby 
preventing cell division. For now, it is FDA approved as an anti-cancer drug for 
many types of cancer, including breast, lung and cervical cancer. At the time, its 
semi-synthetic analogue, docetaxel, was developed by Pierre Potier. It has been 
shown to have twice as much power as the parent compound, paclitaxel, because of 
its effect on the centrosome of the mitotic spindle. It encourages and stabilizes the 
assembly of microtubules, and prevents its disintegration, thereby causing a signifi-
cant decrease in free tubulin, preventing the division of mitotic cells and ultimately 
preventing the proliferation of cancer cells. In the meantime, it is widely used in the 
treatment of advanced and/or metastatic cancers of the breast, stomach, prostate and 
lungs. Another mitotic inhibitor, vincristine, is a vinca alkaloid extracted from 
Catharanthus roseus. It binds mitosis to metaphase by binding to tubulin dimers. It 
has since been approved by the FDA as an anti- cancer drug in 1963 and is widely 
used in the treatment of various types of cancer.

The tumour-fighting mechanisms of natural chemical phytochemicals are very 
complex and require caution. In short, plant compounds can trigger apoptosis of 
cancer cells, promote cell adhesion, prevent the proliferation of cancer cells and 
direct the expression of cancer- related cells.
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Fig. 2  Few naturally available anticancer phytochemicals

Phytochemicals can also act as suppressors of oncogenes, cancer cell invasion 
and metastasis inhibitors, as well as growth factor controls. Many natural com-
pounds have been studied in the epidemiology, preclinical and early clinical stages. 
Although there are many challenges, phytochemicals continue to be the best source 
of chemotherapy novel medicines (Figs. 2 and 3).

2 � Principal Steps in the Process of Nanoparticle Biosynthesis

2.1 � Nano-based Drug Delivery

Nanotechnology has been shown to help the success of cancer drug development. 
Several phytochemical nanoparticles are commercially available. Compared to free 
phytochemicals, phytochemical nanoparticles show not only an increase in drug 
solubility but also other benefits.

Changes in pharmacokinetics and distribution of phytochemicals due to the com-
position of nanoparticles can lead to improving the therapeutic index of these 
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Fig. 3  Flowchart of extraction technique to get biosynthesised nanoparticles

phytochemicals in reducing toxins and increasing efficiency. For example, conju-
gating phytochemicals as well as antibodies to form antibodies–drug conjugates 
(ADCs) can produce potent cytotoxic phytochemicals selectively in cancer cells. 
These conjugates are about the size of a nanometre. Definition of ADCs to the 
tumour against other organs leads to a wide-ranging cytotoxic treatment win-
dow [18].

Improved permeability and retention (EPR) effect are the key to identifying a 
tumour by nanovehicles. Many hardy plants are associated with a structure that has 
a unique vascular structure lymphatic drainage dysfunction. EPR effect makes mac-
romolecules and nanocarriers “leaky” especially from the blood vessels around the 
tumour [19]. In the meantime, lymphatic drainage dysfunction in the abscesses 
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allows them to focus on the area of cancer cells. The effect of EPR is not present in 
normal muscles. The most important factors that influence the impact of EPR were 
the size and consistency of biocompatibility. The minimum size of the EPR result is 
cell size greater than 40 kDa (macromolecules) or particle size greater than 5 nm 
(nanocarrier) (Fig. 3) [20]. It takes a lot of rotation time to give enough time for 
delivery of the drug through the EPR effect. Many phytochemicals are low-weight 
agents with rapid approval in vivo and widespread distribution in normal organs and 
tissues [21]. MDR is one of the main causes of the failure of phytochemicals in 
cancer. Using nanovehicles, the delivery of phytochemicals is a new strategy to 
overcome MDR.

Modification of facial nanocarriers can improve the delivery of phytochemicals 
and defeat drug resistance by altering biophysical interactions between nanocarriers 
and cancer cell membrane lipids and increase the delivery of phytochemicals to 
target tissues [22]. Chemical modification of phytochemicals and recruitment of 
drug delivery systems are widely used for the delivery of phytochemicals. For chem-
ical repair, we focus on selected drug candidates who have been tested in clinical 
trials or who have the ability to enter the clinic temptations. With the delivery pro-
grams of the phytochemical component, we will focus on the former FDA approved 
(Fig. 4).

3 � Nanoparticles

Nanoparticles are particles at a size of 10–1000 μm, non-embedded drugs or cov-
ered at the top [23]. Based on the materials used to make them, they can be divided 
into biodegradable high molecular weight polymer nanoparticles and natural poly-
mer nanoparticles [24]. The former includes poly (lactic-co-glycolic acid (PLGA) 
nanoparticles and polylactic acid (PLA) nanoparticles etc. The latter include albu-
min nanoparticles, gelatine cellulose nanoparticles and chitosan nanoparticles, etc. 
Abraxane (nanoparticle’s formulations for paclitaxel) is the only FDA-approved 
nanoparticle drug. Abraxane is made up of human serum albumin. Abraxane 
nanoparticles are about 130 nm wide and have a loading capacity of about 10% 
paclitaxel [25].

Paclitaxel loading of nanoparticles is achieved using advanced high-pressure 
homogenisation technology by American Bioscience. In Abraxane, albumin is ille-
gally bound and retained by paclitaxel [26, 27]. Compared to other commercial 
nanocarriers, Abraxane has unique advantages over its pharmacokinetic and drug 
distribution. Abraxane does not depend solely on the effect of EPR for the delivery 
of paclitaxel in cancer cells. Abraxane binds to gp60, a 6 kDa high-density glyco-
protein receptor albumin affinity, and albumin fluid phase entry for tumour endothe-
lium in the subendothelial area. Then, SPARC (secreted protein, acid and rich in 
cysteine), an extracellular matrix glycoprotein highly exposed to a variety of can-
cers with a high concentration of gp60, also improves its plant placement (Fig. 4) 
[28–30]. Phase I Abraxane® clinical trials in 19 patients with metastatic breast 
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Fig. 4  Current nanomedicines available for the treatment of cancer

cancer were performed at M. D. Anderson Cancer Centre, Texas, USA. This study 
focuses on the toxicity profile, magnitude tolerated dose (MTD), as well as the 
pharmacokinetics properties of Abraxane. The schedule was administered every 
3 weeks using Abraxane dosage pump from 135 to 375 mg/m2. The results showed 
that Abraxane was well tolerated, producing only neuropathy in three patients, sto-
matitis in two patients, and external keratopathy in two patients with doses of 
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ABI-007 at 375 mg/m2. They concluded that the Mett of Abraxane was 300 mg/m2. 
The plasma AUC of Abraxane was higher than that of Taxol if 260  mg/m2 of 
Abraxane was injected for 30 min i.e., 175 mg/m2 of Taxol injected as 3 h. Abraxane 
provided an example of albumin nanoparticles that will be used in clinical practice 
[31, 32]. Currently, Abraxane progresses to Phase II/III clinical trials for metastatic 
breast cancer patients with i.e., dose at 260 mg/m2 in 3-week cycles compared to the 
standard paclitaxel system, taken at 175 mg/m2. Compared to Taxol, Abraxane indi-
cated that patients’ response rates were significantly higher (19% vs 33%, respec-
tively) and much longer length of plant growth period (16.9  weeks vs 23.0, 
respectively) [32, 33].

3.1 � Silver Nanoparticles

Plant-based silver nanoparticles have been repeatedly tested against various human 
cancer cell lines like breast cells, liver cells and colon cells. While compared to 
other routine physical and chemical approaches in the treatment of this lethal dis-
ease, green synthesis of silver nanoparticles by implementing the abilities of various 
secondary metabolites from plants has been proven to be more efficient, ecofriendly, 
cost-friendly and safer [34].

For example, using the bark and leaf extracts from the tree Ziziphus xylopyrus 
which is very common in the Indian sub-continent, biofabrication of silver nanopar-
ticles (AgNPs) was possible. Not only the Zizipus tree but also several other com-
mon plants and trees like hibiscus, polyalthia, papaya, Ocimum, Coriandrum and 
Ficus are employed in the biosynthesis of silver nanoparticles [35].

Green synthesis of nanoparticles over synthetic nanoparticles has paved way to 
overcome some serious problems like aggregation of nanoparticles, toxicity and 
non-compatibility, which offers advantages like stability, faster reduction rate 
and so on.

Benefits of
using green

nanoparticles

reduced
toxicity

improved
stability

dna,
mitrochondrial

damage

faster
reduction rate

improved
apoptosis

reduced
compatibility
complications

 

Many research studies have proved that silver nanoparticles have beneficial toxic 
mechanisms, which are capable of causing DNA and mitochondrial damage and 
inducing apoptosis (programmed cell death) in cancer cells. For instance, green 
synthesis of the plant Datura inoxia, activities like cell cycle arrest, decreased DNA 
synthesis and apoptosis were recorded in cancer cells [36].
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Interestingly enough, not just terrestrial plants but even marine corals were 
reported to show anti-cancer properties when used to synthesise silver nanoparti-
cles. For example, extracts from the soft coral Cladiella pachyclados were used in 
producing bioactive silver nanoparticles. This coral possesses a compound called 
eunicellin, a diterpenoid that has a great potential against breast cancer [37].

This compound, when used to synthesise AgNPs or using silver nanoparticles as 
drug carriers, showed anti-inflammatory potential almost equal to the commonly 
used cancer drug Doxorubicin; in fact, it was able to express high selectivity 
comparatively.

The experiment showed that silver nanoparticles synthesised using the extracts 
from the mint plant as a stabilising agent exhibited a significant potential against the 
HCT116 human cancer cell line [36]. This analysis showed that plant-mediated 
AgNPs were capable of suspending cell division and minimising the further prolif-
eration of cancer cells.

AgNPs have proved themselves very useful in the manufacture of nanodrugs. 
They use a mechanobiological and microenvironmental mechanism to cause apop-
totic cell death in carcinogenic cells with the aid of ROS-mediated pathways. For 
example  the chemotherapeutic drug—fructose coated angstrom silver has been 
reported to inhibit osteosarcoma cells (a malignant bone cancer), pancreatic and 
lung cancer cells. Further experiments showed the drug to be capable of inhibiting 
tumour growth, improving survival rate and attenuating osteolysis in osteosarcoma-
bearing mice [38].

Therefore, green-synthesised silver nanoparticles are being extensively studied 
by researchers worldwide to be implemented in the cure of cancer effective imme-
diately, which could be a significant breakthrough, given its properties and eco-
friendly nature.

3.2 � Nanodiamonds

Nanodiamonds are carbon nanoparticles with truncated octahedral architecture that 
are about 2–8 nm in diameter and can deliver a wide range of therapeutics, includ-
ing small molecules, proteins and nucleic acids, making them very adaptable in the 
field of anticancer research [39].

Superior properties of nanodiamonds like hardness, high thermal conductivity, 
chemical stability and resistance to harsh environments have made them very com-
patible with several biotechnological and medical applications [40]. While com-
pared to other nanocarbons that are synthesised from carbon blacks or fullerenes, 
nanodiamonds were confirmed to express comparatively less toxicity [41]. Thus, 
they are widely used in delivering drugs due to their biocompatible properties.

For instance, a popular drug widely used in cancer therapy is Doxorubicin [42]. 
It is a small-molecule drug that aids in cell death or apoptosis. This drug slows down 
or stops the growth of cancer cells by blocking an enzyme called topoisomerase 2. 
Without this enzyme, cancer cells cannot grow or divide. While working on the 4T1 
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breast cancer cells in mice, the nanodiamond mediated doxorubicin delivery system 
was well able to cease the generation of lung metastasis [43]. Thus, with the help of 
nanodiamonds, the drug was able to be successfully delivered in several lab tri-
als  which the  researchers have speculated using Nano diamonds as intercellular 
carriers of plant metabolites, like the plant metabolites quercetin and citropten are 
intensely being studied for their pro-apoptotic and redox properties [42].

Quercetin is a natural pigment (flavonoid) that is available in most common 
fruits, grains and vegetables and is nowadays taken as a dietary supplement. Due to 
its high level of free radicals, the flavonoid promotes inflammation in human cells 
which is a very important anti- cancer activity.

Citropten or 5,7-dimethoxycoumarin is a metabolite (coumarin) extracted from 
a plant called Peleaanisata and several natural oils and citrus fruits which is known 
for inducing melanogenesis [44].

Extensive studies have been carried out to assess whether these plant metabolites 
were able to show improved antiproliferative and inflammatory effects when 
adsorbed on nanodiamonds.

It was speculated that the bioactivities of these plant metabolites were modifiable 
through their interaction with nanodiamonds.

When tests were performed on the HeLa cell line, it was evident that the conju-
gates were able to first penetrate the cell compartment, next, the intracellular spaces, 
following the areas near the nuclear region successfully.

On the whole, based on the experiments performed on the HeLa and B16F10 cell 
lines, it was clear that the nanodiamonds heightened the cell growth inhibitory prop-
erties of the two plant metabolites quercetin and citropten, making it an effective 
agent against cancer [39].

3.2.1 � In Silico Studies of Plant Nanoparticles in Cancer Therapy

In silico studies are a very crucial step in the process of drug design. These are 
computer-aided analyses that are carried out in order to know several properties like 
the binding affinity which are very important in order to design an approvable drug.

4 � Liposomes

Liposomes, with a diameter of 20–1200 nm, contain a water-repellent inner layer as 
well external phospholipids. Hydrophilic drugs can be injected into the aqueous 
core while hydrophobic drugs can be embedded or advertised externally with low 
phospholipids. Liposomes can improve in vivo biocompatibility as well as the phar-
macokinetics of drugs and their properties can be improved by simply changing the 
composition of bilayer parts [45].

Marqibo (liposomal formulations of vincristine, FDA approved) and Lipusu 
(liposomal formulations for PTX, approved by China Food and Drug Administration) 
only 2 liposomal phytochemical products entered the medical field applications. 
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Marqibo is made of a combination of sphingomyelin: cholesterol in the 57.4: 
42.6 mol average [46].

Liposomes are approximately 100 nm in size and drug loading is done with a 
remote-control loading. In preclinical studies, following an injection of 2.0 mg/m2 
in mice, Marqibo showed higher AUC (63,438 vs 806 ng.h/ml) and lower permit (32 
vs 2488 mL/h/m2) and volume (383 vs 113,513 mL/m2) for distribution compared 
to Vincristine. Similar pharmacokinetic profiles have been demonstrated in mice 
and dogs. These data show that Marqibo has half times the long cycle of system 
rotation throughout three types. Of the 11 different cancer indications studied, 
Marqibo was found to be present as more effective than vincristine at 8 [47–49].

In clinical studies, Marqibo was used for leukaemia. There are 65 patients in the 
Phase II case. Marqibo dose of 2.25 mg/m2 once a week is associated with 63% 
degree of neuropathy, 20% paraesthesia and no third-degree peripheral motor events 
neuropathy. In contrast, vincristine injected into 1.4 mg/m2 every 21-day injection 
is the same associated with 92% neuropathy, 78% paraesthesia and 16% grade 3 
motor weakness. Marqibo has proven the highest accessible volume for each indi-
vidual and collection of vincristine compared to other vincristine products [50]. 
Lipusu is designed to eliminate the need for complex material pre-treatment and 
side effects associated with Taxol car. This construction is repaired with egg PC and 
cholesterol [51].

A study of preclinical acute poisonity was made available by mice comparing 
Lipusu and Taxol. The results showed that Lipusu has the potential to more than 
double LD50 (69.8 vs 33.0 mg/kg). In mice, Lipusu led to 1.5 times higher concen-
trations within the tumour tissue compared to Taxol 24 h after treatment. In the 
Phase I study, a complete comparable safety profile has been reported with Lipusu 
compared to Taxol®, the results show that Lipusu has twice as much MTD (375 mg/
m2 vs 175 mg/m2) [52].

5 � Micelle

Micelles automatically assemble themselves when the concentration of the surfac-
tant exceeds its sensitivity micelle concentration (CMC). Compared to other nano-
carriers, micelles are smaller in size (10–400 nm). Micelles, especially polymeric 
micelles, are gaining popularity as drug delivery carriers of phytochemicals [53]. 
Genexol-PM (Paclitaxel formulations, in Korea), polymeric micelle, is a product 
that has entered the clinic. Genexol-PM is prepared using a solid distribution pro-
cess installation of paclitaxel in diblock monomethoxy poly (ethylene glycol)-
block-poly (D, L-lactide) (mPEG-PDLLA) is a polymer. The micelles are about 
24  nm wide and are almost identical 16% w/w paclitaxel loading [54]. In this 
micelle structure, a hydrophilic block (PDLLA group) forms a micellar corona and 
the hydrophobic block (PEG group) forms the core. The PDLA team provides 
hydrophobic interaction with paclitaxel resulting in high drug and spherical stable 
loading core, the PEG group provides a polymer coating that can prevent the bind-
ing of plasma proteins and increase circulation time in plasma. In a pre-clinical 
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study, Genexol-PM showed strong inhibition of tumour growth and higher MTD 
than-Taxol®. A few of the Genexol-PM clinical trials have been in operation or in 
place completed, with indications including non- small cell lung cancer, metastatic 
breast cancer and pancreatic cancer [55]. In the first phase of clinical trials, 
Genexol-PM showed MTD 2.3 times higher than Taxol® in humans [56]. In addi-
tional clinical research, Genexol-PM has shown better performance than Taxol 
when used alone and as part of a combined treatment. However, it is interesting that 
Genexol-PM showed a very low T 1/2 (12 h vs 20 h) and AUC 11.58 compared to 
Taxol®, possibly due to Genexol-PM faster approval and better access to cancer.

6 � Cladiella pachyclados

C. pachyclados is a marine soft coral that exhibits several anti-cancer properties 
when silver nanoparticles were synthesised using its extract eunicellin. King 
AbdulAziz University in Saudi Arabia conducted several experiments in order to 
record the anti-cancer activities of the combination mentioned above.

The extracts recovered from the coral lying in the red sea were subjected to chemi-
cal profiling with the help of LC-HRESIMS (liquid chromatography-high-resolution 
electrospray ionisation mass spectrometry). Several other molecular-level analyses of 
the silver nanoparticles were performed using UV spectroscopy, XRD, FTIR, TEM, 
and SEM, and an anti-proliferative assay was carried out [37].  By the aid of 
SwissADME, an online software which is a web tool that allows to evaluate of phar-
macokinetics and drug-likeness of molecules [57] was used to analyse the drug-like 
characteristics and ADME profiles (adsorption, distribution, metabolism and excre-
tion) of gastrointestinal absorption, blood-brain barrier, solubility and bioavailability 
were studied. These compounds were subjected to inverse docking in order to assign 
the potential protein targets using the PDB (protein data bank) and target platforms. 
The divide and conquer strategy was implied in order to run a large number of dock-
ing experiments in less time consumption. Binding affinity score was set to −7 kcal/
mol to select the best targets. 26 targets were obtained for the human breast cancer cell 
proteins. From the experiment, it was observed that the coral extract eunicellin deliv-
ered via AgNPs showed a significant level of antiproliferative activity and cytotoxicity 
towards breast cancer cells almost as same as the common cancer drug doxorubicin.

(IC50 = 71.85 ± 3.57 μg/mL) [37].

MCF7 (SI) MDA – MB – 231 (SI) MCF10a

CE 24.32 ± 0.52c

(2.95)
9.55 ± 0.53b (7.52) 71.85 ± 0.5c

AgNPs 5.62 ± 0.26b (7.34) 1.72 ± 0.14a (24) 41.29 ± 0.44b

Doxorubicin 2.61 ± 0.03a (7.7) 1.5 ± 0.26a (13.4) 20.09 ± 0.72a

Selectivity index (SI) = IC50 of tested material in a normal cell line/IC50 of the material in 
cancer cell line
IC50 is the concentration required to kill 50% of the cell population

The letters a, b and c indicate the differences from repeated experiments n = 3
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Out of the 26 compounds that were tested with the aid of inverse molecular dock-
ing, only six were found to show binding orientations inside the corresponding 
binding sites. They also were reported to have the highest dG values, proving that 
they could be used as potential binders for several BC proteins [37].

7 � Flavonoids

As we discussed the usage of flavonoids like the quercetin in the treatment of can-
cer, there are many other such flavonoids which possess beneficial anti-cancer prop-
erties. For example, MYRICETIN is one of the plants derived flavonoids which 
contains a lot of strong anticancer properties. This compound that is obtained from 
common plants and fruits is also one of the major constituents of several food and 
beverages [58]. Myricetin is proven to exhibit cytotoxic activity towards a huge 
number of human cancer cell lines.

Research studies show that the biosynthesis of Myr-Au NPs resulted in spherical-
shaped particles of size less than 50 nm [59].

mTOR is the mammalian target of rapamycin which is a kinase molecule that 
regulates protein synthesis. A theoretical network analysis was carried out by the 
Kyoto Encyclopedia of Genes and Genomes (KEGG) database with the help of a 
software called Cytoscape 3.7.1 to understand the role of different genes in the 
mTOR signalling mechanism. The observation of the said analysis is shown below 
[59] (Table 1).

Molecular docking of myricetin (Myr) guided in understanding the X-ray crystal 
structure of human mTOR kinase enzyme obtained from the RCSB-PDB (Research 
Collaboratory for Structural Bioinformatics-Protein Data Bank).

The GLIDE program (v.11, Schrödinger, LLC, New York, 2016) was utilised in 
extra precision (XP) docking mode with the Glidescore and E-model scoring func-
tions to perform the molecular docking analysis of myricetin for the mTOR gene.

MTT assay that is a colorimetric assay performed for assessing the cell meta-
bolic activity was done, and ROS generation studies were carried out and the values 
were compared using SPSS (v. 20.0, SPSS Inc., Chicago, IL, USA).

In this analysis of Myr-AuNPs, extra precision GLIDE docking procedure was 
done by removing the inhibitor compound with the human mTOR receptor. The 
docking result of myrecitin was found to be −7.79 kcal mol−1, and its interactions 

Table 1  The observation of a 
said analysis to understand 
the role of different genes in 
mTOR signalling mechanism

The measured value of degree 20
Closeness 0.007686
Eccentricity 0.267857
Eigen vector 0.74402
Radiality 18.74074
Stress 6948
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were confirmed with ALA 1708, ARG 1709, LYS 1710, ILE 1711 and ASP 1712 of 
chain B, thereby proving a good binding activity of Myrecitin with human mTOR 
kinase. The molecular docking studies in mTOR kinase were understood to show a 
strong binding affinity with IC50 value = 13 μg mL–1. After staining, the cells treated 
with myr-AuNPs showed a good proportion of dead cells, thereby showing an 
anticancer activity [59].

8 � Chitosan

Jatropha pelargoniifolia is a very famous medicinal shrub which is common in 
Africa, Ethiopia and in some regions of the Arabian Peninsula [60]. The plant has 
several therapeutic activities that make it very unique in research projects.

A recent phytochemical analysis of the plant has shown the presence of certain 
bioactive compounds like tannins, coumarins and flavonoids which can be exploited 
against cancer.

Chitosan is one of the important compounds extracted from the plant whose 
composition is poly [-(1,4)-2-amino-2-deoxy-D-glucopyranose]. Chitosan is popu-
lar for being the second most abundant biopolymer next to cellulose. It has several 
beneficial properties like biocompatibility, mucoadhesiveness and 
biodegradability.

By combining the constituents of Jatropha with bacterial DNA gyrase B and the 
kinase domain of human topo isomerase II a, a molecular docking analysis was 
performed with the aid of the software Autodock 4.2.

From the Chemdraw ultra 12.0 software, the suitable ligand structures which 
were bound to their respective proteins were downloaded and selected as a positive 
control. With the aid of a universal force field, the ligand energies were minimised.

Further, with the help of the Lamarck Genetic algorithm model and Solis and 
Wets local search method, a molecular docking experiment was performed for a 
total of 2,500,000 energy calculations for each docking run. By using one way 
ANOVA, a statistical analysis was done with graph pad prism 9.0 software [48].

9 � Pro-haloacetate NPs

PDK or pyruvate dehydrogenase kinase is a mitochondrial enzyme which plays a 
major role in reversing the suppression of mitochondria-dependent apoptosis. If the 
suppression activity does not take place, the cell death process is disturbed and 
might later become a lead cause of cancer. In order for cancer to progress, the 
apoptosis process must be inhibited [49].

Inhibition of the PDK enzyme results in decreased tumour growth and angiogen-
esis in a variety of cancers with high selectivity. This indicates the importance of 
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reversing the mitochondrial suppression with metabolic modulating drugs like PDK 
inhibitors. Recent molecular modelling studies show that the haloacetic acids are 
capable of selective recognition of certain PDK isoforms allowing us to recognise 
better haloacetate drug candidates. The quantitative docking energy data from the 
molecular recognition analysis indicated that MCA (mono chloroacetate) was a 
comparable PDK binder while DBA (di bromo acetate) showed a slightly weaker 
binding than the DCA [49]. For further process of molecular modelling, the above-
mentioned haloacetates were prepared with the help of SKETCH module. The fol-
lowing requirements was  set up to carry out the procedure, followed by the 
results [49].

Gradient convergence – 0.05 kcal/mol
NB cutoff – 8.00
Dielectric constant – 1.00
Docking protocol – induced fit
Score function – London dG
Active site – L53, Y80, S83, I111, R112, H115, S153, R154, I157, R158, I161 [49]

DBA DCA MCA

− 3.463(KJ mol−1) − 4.104 (KJ mol−1) − 4.121 (KJ Mol−1)

As a result of these analyses, we can interpret that PDK-modulating haloacetic 
acids in pro-drugs can be used for inhibition of PDK in order to reverse the suppres-
sion of before mentioned apoptosis.

10 � Plants and Bioactive Component-Based Nanoparticles

With the growing necessity day by day to develop environment and economy-
friendly approaches in the cure of the deadly disease cancer, the utilisation of plant 
nanoparticles has indeed offered a huge helping hand in this deed, given its numer-
ous advantages over several other existing techniques.

Employment of plants in the field of medicine especially in curing diseases is not 
new in our civilisation. Taking this under consideration, the aid of green synthesis 
of nanoparticles or simply green nanoparticles has improved not just the methods 
but, ecofriendly and very achievable methods of treating cancer in multitudes.

Nowadays, synthesising nanoparticles with the aid of plants is a majorly dis-
cussed topic due to their unbelievably advantageous properties and safe nature. 
Using commonly available plants, several nanoparticles have been synthesised suc-
cessfully. Few examples are given in Tables 2 and 3 [97].
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Table 2  List of various common plants from where different nanoparticles have been synthesised

Plant Nanoparticle synthesised Size (nm)

Aloe vera Au & Ag 50–350
Curcuma longa Pd 10–15
Eucalyptus macrocarpa Au Ag 20–100

10–100
Mangifera indica Ag 20
Psidium guajava Au 25–30
Caria papaya Ag 15
Citrus sinensis Ag 35

11 � Drug Release Nanosystem

Auxemma oncocalyx is a medicinal tree native to northeast Brazil. This tree is 
known to have several medicinal properties including antisepsis and antitumor 
activity which makes it very applicable as a part of traditional medicine in parts of 
Brazil till date [98].

Oncocalyxone A or simply Onco A, a meroterpenoid quinone, is a secondary 
metabolite extracted from the heartwood of the above-mentioned tree which pos-
sesses several pharmacological benefits like anti-platelet, anti-inflammatory, anal-
gesic, antioxidant and more importantly several antitumor properties which help in 
fighting cancer [99, 100].

Several researches have shown that onco A is cytotoxic to human leukaemia cells 
and other cancer cell lines during the cell phases G1, G1/S and S. While exposed, 
the compound is capable of inhibiting DNA synthesis and cell division in the carci-
nogenic cells [98, 101].

 

Onco A was reported to show anti-proliferative activities on various cancer cell 
lines of the lungs, ovarian, rectal and leukemic cancer resulting in intense anti-
cancer research worldwide. In spite of its medicinal properties, during clinical trials, 
unfortunately, the compound began to express certain toxicological side effects on 
vital organs like the lungs, kidneys and heart [100].
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Table 3  List of the phytochemicals used in drug delivery system

Type Advantages Limitations References

Nanoparticles Fairly simple to prepare.
Targeted and drug delivery.
Excellent size and size distribution 
management.
Small drug doses.
Less toxicity.

Huge use of polyvinyl 
alcohol as a detergent- 
issues with toxicity.
Limited targeting abilities.

[61–72]

Solid lipid 
nanoparticles

Possibility of drug targeting and 
controlled drug release.
Incorporation of hydrophilic drugs 
and lipophilic.
There is no biotoxicity of the carrier.
Organic solvents are avoided.

Particle growth.
Gelation tendency is 
unpredictable.
Sometimes burst release.

[73–76]

Liposomes Improvement and control over 
pharmacodynamics and 
pharmacokinetics.
Toxicity is decreased.
Liposomes can be made target 
selective.

Sterilisation.
Short shelf life

[77–82]

Carbon 
nanotubes

High stability in vivo is obtained due 
to their mechanical properties.
Large surface area is available for 
multiple fictionalisation.
Low costs are associated with bulk 
production.

Because of the insolubility 
of as-produced materials, 
functionalisation is 
essential to make the 
substance physiologically 
acceptable.
A strong proclivity for 
aggregation.

[83–85]

Micelles Very small size.
Structural stability is high.
Huge amount of drug loading.
Water solubility is high.
Less toxicity.

Polymer synthesis is 
difficult.
Immature drug-
incorporating technology.
Slow extravasation.

[86–91]

Dendrimers Due to strict control during the 
synthesis, they have lower 
polydispersity index
As the density of the branches grows, 
the outermost branches form spheres 
around a lower-density core and the 
outer surface density decreases, 
leaving most of the area hollow 
toward the core, thus increasing drug 
impact

Complex, multistep 
procedures are involved in 
the processing and 
synthesis of dendrimer-
based nanoparticles.
Trouble related to 
biodistribution.

[92–96]

Following this, further researches theorised that the use of nanosystems can 
reduce those toxic side effects by a great proportion with the help of Fucoidan, a 
polysaccharide extracted from brown algae and certain marine invertebrates [102].

This compound is used widely in the green synthesis of nanoparticles using AEP 
method aiding in a few advantageous biological activities like anti-inflammatory, 
anticoagulant and antitumor activities as well as low toxicity [103].
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Fucoidan is also claimed to show additional beneficial properties like improved 
antitumor activity of certain chemotherapeutic drugs when used in combination and 
induced cell growth inhibition and commencement of apoptosis in the breast cancer 
cell lines [104].

Experiments were performed to analyse the release kinetics of OncoA from the 
fucoidan-coated nanoparticles in vitro using dialysis technique with different solu-
tions in order to stimulate the pH of the gastrointestinal tract. Using HPLC-UV 
technology, the released Onco A was quantified. Likewise, stability tests, biocom-
patibility tests, cytotoxicity tests and blood compatibility tests were vigorously car-
ried out in labs, which conveniently gave satisfying results proving fucoidan was 
successfully able to deliver Onco A.

To conclude, with the implementation of fucoidan-coated nanoparticles possess-
ing OncoA prepared by AEP method, researchers were successfully able to gain 
minimal toxicity residues and good compatibility with human blood, paving way 
for further studies [103].

12 � Polyphenol Nanoformulations for Cancer Therapy

12.1 � Coumarins

Coumarins are polyphenols with appetite-suppressing structures that prevent ani-
mals from eating plants. It can also be used in the medicine of lymphedema. It may 
also cause bleeding, which is their well-known feature. Fabaceae, Lamiaceae, and 
Rosaceae are some among the natural sources of coumarins. These phytochemicals 
have shown anticancer properties in several ways. 4-Methyl-7-hydroxycoumarin is 
a synthetic coumarin made by methylation nanoparticles of umbelliferone 
(7-hydroxycoumarin). 4-Methyl-7- hydroxy coumarin has shown anticancer effects 
on cell melanoma A culture by increasing cell apoptosis, DNA fragmentation, cas-
pase-3 and p53 (tumour suppressor factor) and decreased cell function. Farnesiferol 
C is another coumarin extracted from plant species such as Ferula asafoetida.

Dendrosomal nanoformulation of farnesiferol C is indicated antineoplastic 
activity by reducing cell proliferation in iAGS gastric cell line. Bax’s speech (an 
antiapoptotic marker) and Bcl-2 (proapoptotic factor) were changed to increase 
Bax/Bcl-2 levels due to treatment with dendrosomal farnesiferol C.

12.2 � Flavonoids

Flavonoids are a group of sub-polyphenols classes, such as chalcones, flavones, 
isoflavones, flavanones, flavonols and anthocyanins. Many pharmacological effects 
flavonoids reported, such as antioxidant, anti-inflammatory, immunomodulatory 
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and antineoplastic activities. Flavonoids can be extracted from high plants. They 
can be found in yellow, orange, or red and so on is widely available as colourful 
fruits and vegetables in human food: Apiaceae (parsley), Ericaceae (berries), 
Rutaceae (orange fruit), Rosaceae (apple) and a famous sweet product of Theobroma 
cacao, that is, black chocolate. Flavonoids have shown antineoplastic properties 
work in several subjects.

12.3 � Diarylheptanoid (Curcumin)

Curcumin is a major diarylheptanoid polyphenolic structure extracted from tur-
meric (Curcuma longa) rhizome and has many biological and pharmacological 
properties such as antioxidant, anti-inflammatory and anticarcinogenic functions. It 
has been thoroughly researched in the field of cancer treatment drugs.
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