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1. Introduction

Cancer is one of the deadliest diseases that has a 
significant negative impact on the world’s population1. 
Most chemotherapy drugs disperse throughout the 
body, leading to widespread toxicity, low patient 
adherence and even treatment discontinuation. 
This makes it challenging to administer therapeutic 
medicines to tumour cells precisely. The invention of 
nanotechnology has greatly advanced medical research 
by offering remarkable options for treating life-
threatening illnesses. Many materials at the nanoscale 
level (between 1 and 100 nm) have been produced by 
nanotechnology2,3.

Based on the origin of the NPs, they are classified 
as natural and synthetic. Natural NPs are produced 
by volcanic explosions, combustion of materials, 

straightforward erosion, plants and animals, or even 
bacteria4,5. NPs created artificially are crucial to 
nanotechnology. They serve as the basis for a wide 
range of currently prevalent applications and offer 
significant potential for the development of innovative 
materials. They differ in size, chemical makeup, shape, 
surface properties and method of their synthesis6. 
Based on their size- and shape-dependent tuneable 
optoelectronic capabilities, the most well-known anti-
cancer NP are silver (Ag), gold (Au), zinc (Zn) and 
platinum (Pt)7.

For medicinal use, NP synthesis must be low or non-
toxic and biocompatible8. Silver, gold and platinum 
NPs, among other MNPs, have all passed rigorous 
human testing. These NPs exhibit a variety of features 
in the realm of nanotechnology and this has opened 
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up numerous new avenues, particularly for drug 
delivery carriers8. Other well-known uses of MNPs in 
medicine besides drug delivery include diagnostics, 
the creation of improved biocompatible materials and 
nutraceuticals9. 

Several advantages have been observed by using 
nanoparticle (NP)-based drug delivery systems 
in the treatment of cancer, including improved 
pharmacokinetics, precise targeting of tumour cells, 
decreased side effects and decreased drug resistance9-11.

In the field of bio-nanotechnology, the green 
method of generation of NPs is emerging as an 
alternative approach to physical and chemical 
method9,10,12. The advantages of using green methods 
for NP generation include lower failure rates, lower 
costs and simpler characterisation12. This technique is 
extremely appealing nowadays, due to its potential to 
lessen the toxicity of NPs13. Green synthesised MNPs 
are widely used as antibacterial, anti-inflammatory, 
anti-angiogenic and as an anti-cancer medicine.

Therefore, this review aims to study the Green 
synthesised different MNPs, their method of synthesis, 
characterisation and their applications in medicine.

2.  Biogenic/ Green Synthesis of 
Nanoparticles

There are several methods for creating nanoparticles 
biologically or biogenically from salts of the relevant 
metals14-27. Many plant components (peel, leaves, 
bark, fruits, stem, etc.) and microorganisms (bacteria, 
fungus and algae) are employed in the biological 
synthesis of MNPs28,29. The procedures for making 
NPs using plant extracts are easily scalable and may be 
less expensive than the very costly technologies based 
on microbiological processes30. Plants are the finest 
biological source to employ for NP manufacturing 
because they provide a more favourable platform than 
both chemical and biological processes. They don’t 
contain any harmful compounds, can be produced 
at a reasonable price, synthesise more quickly, 
offer protection and secondary metabolites can act 
as a capping agent and a natural reducing agent. 
Furthermore, compared to nanoparticles from other 
biological sources, those produced by plants are more 
stable30-32.

Research on green synthesis is currently gaining 
popularity. Green synthesis principles are compatible 
with the use of bio-organisms in synthesis, particularly 
plants that exude the functional molecules for 
the process. The manufacture of NPs necessitates 
the selection of three essential components: a safe 
stabilising substance, an effective reducing agent and 
an environmentally compatible solvent33,34. Typically, 
the green chemistry-based strategy uses either pure 
phytochemicals with potential medical value or 
medicinally useful plants. These phytochemicals aid in 
the stabilising and chelating of NPs35,36.

Metallic ions are reduced by the phytocompounds 
present in plant extracts, which include alkaloids, 
terpenoids and polyphenols28,37. The function of 
reductases and reducing equivalents in characterising 
the elements of live organisms involved in such 
nanoparticle formation has been revealed.

Various plants including Aloe barbadensis, 
Phyllanthus reticulatus, Medicago sativa, Osimum 
sanctum, Citrus limon, Azadirachta indica), Coriandrum 
sativum, Syzigium cumini, Curcuma longa, Brassica 
juncea and Cymbopogon flexuosus have been utilised to 
synthesise various NPs38-43.

3. Synthesis of MNPs from Plants

The process of synthesising metallic nanoparticles from 
plant extracts involves three steps: (1) The activation 
phase, involving the nucleation of the reduced metal 
ions and the bio-reduction of salts and metal ions; (2) 
The growth phase involves the spontaneous aggregation 
of smaller particles into larger ones through a process 
called Ostwald ripening; (3) The termination phase 
involves the determination of the ultimate shape of the 
NP.

To prepare the plant extract various plant parts, 
including the fruit, leaf, peel, etc., are used to prepare 
the extract as fresh or dry material. The plant material 
is typically extracted by soaking it in a green solvent 
with or without stirring. It is then followed by filtration 
and centrifugation. The reducing and capping agents 
necessary for the bio-reduction of metallic ions are 
abundant in the filtered extract. While employing dried 
plants has the benefit of having a lengthy shelf life at 
room temperature, it’s crucial to store fresh plants at 
a temperature of -20°C to prevent any deterioration 
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(Figure. 1). Additionally, the use of dry plant material 
avoids the seasonal fluctuations that could change the 
composition of plants44,45. 

4.   Factors Affecting the MNPs 
Synthesised by Plant Extracts

Plant-based MNP production can be influenced by 
several variables. Among them are a few of these 
elements: (1) The type and concentration of plant 
extract utilized: Quantities of phytochemicals in 
various plant extracts can alter the production 
process and the characteristics of the NPs46. (2) The 
pH, temperature and reaction time: These variables 
can impact the size, stability and rate of production 
of NPs47. (3) The concentration of metal precursor: 
The production and size of the NPs can be impacted 
by the quantity of metal precursor added to the plant 
extract48. (4) The existence of any additional capping 
agents or additives: Variations in the synthesis process’s 
chemical composition may have an impact on the NP’s 
shape, stability and size49.

5. Characterisation of MNPs

Biogenic NPs are usually characterised by their 
physicochemical properties, such as size, shape, 

distribution, stability, purity and the presence of 
functional groups. There are various techniques to 
characterize NPs46. The produced nanoparticles 
are verified using UV-Vis spectroscopy. Atomic 
Force Microscopy (AFM), Transmission Electron 
Microscopy (TEM) and Scanning Electron Microscopy 
(SEM) are used to analyse the morphology of the NPs. 
The crystal structure and chemical makeup of the 
nanoparticles are ascertained using Fourier-Transform 
Infrared (FTIR) spectroscopy, Energy-Dispersive X-ray 
Spectroscopy (EDS or EDX) and X-ray Diffraction 
(XRD). To describe the functional groups that are on 
their surfaces, FTIR spectroscopy is used. NP size and 
dispersion in a liquid solution are measured using Zeta 
Potential (ZP) and Dynamic Light Scattering (DLS) 
methods47,48 (Figure 2).

6. Nanoparticles in Cancer Therapy

For targeted drug delivery several nanoformulations 
such as dendrimers, liposomes, micelles, carbon 
nanotubes, gold nanoparticles (AuNPs) and silver 
nanoparticles (AgNPs) are frequently utilised as 
delivery vehicles49. Liposomes are tiny, aqueous-cored 
nanovesicles that are generated by lipid bilayer50. 
Anticancer medications have been delivered using 
liposomes, which can change the biodistribution and 

Figure 1. Flow chart of the synthesis of metallic nanoparticles by plant extract.



1912 A Review on Green Synthesis of Metallic Nanoparticles by Using Plant Extracts…

Journal of Natural Remedies | eISSN: 2320-3358 http://www.informaticsjournals.com/index.php/jnr | Vol 24 (9) | September 2024

clearance of drug molecule51,52. The drug transport 
efficacy of these nanostructures depends on their size, 
morphology and other physical/chemical features53. 
Among all the NPs, metal NPs have drawn particular 
attention due to their ability to function as versatile 
agents54. Here we discuss some metal NPs and their 
therapeutic potential.

6.1 Silver Nanoparticles
Silver NPs created through green synthesis have drawn 
considerable interest in the biomedical, drug delivery, 
cosmetics and cellular imaging fields because of their 
unique biological and physicochemical properties54. 
In the current research setting, it is expected that the 
production of MNPs by biogenesis will prove to be a 
more economical and environmentally sustainable 
option55. 

The process of creating nanoparticles involves 
heating plant extract to 70C for three minutes while 
adding 2mm AgNO3. When the NPs are formed, 
the extract’s colour shifts from yellowish to reddish-
brown56. AgNps synthesised with Nelumbo nucifera 
extract are produced in different shapes such as 
spherical, triangular, etc. The particle size varies from 

25 to 80 mm57,58 (Table 1). Fitri et al. demonstrated 
the anti-proliferative activity on breast cancer cells58. It 
has been reported that Skimmia laureola can produce 
spherical AgNPs with a size of 38+ 0.27nm57 (Table 1). 
According to Roshni et al., the AgNPs produced from 
Murraya koenigii leaf were homogenous and spherical, 
with diameters of 80.62 to 100.50nm. They studied the 
effect of these NPs against the HT-29 colon cancer cell 
line59 (Table 1).

In another study, aqueous extracts of fresh Lantana 
camara and Impatiens balsamina leaves were used to 
create AgNPs. Visual inspection and UV-Vis spectra 
revealed that the leaf extracts of L. camara turned 
greyish brown and those of I. balsamina turned 
brownish yellow. TEM analysis confirmed the size 
of AgNps, was less than 24nm32 (Table 1). AgNps 
synthesised from L. camara showed a cytotoxic effect 
against the Adenocarcinomic Human Alveolar Basal 
Epithelial (A549) cell line and the Michigan Cancer 
Foundation (MCF7) cell lines60 (Table 1). AgNPs made 
from I. balsamina flower extract showed anti-cancer 
potential against several cancer cell lines61. 

In a different investigation, AgNPs were made using 
the seed exudates of Medicago sativa. 90% of the Ag+ 
was decreased at 30°C in around 50 minutes, and NPs 
were observed to form within one minute of metal salt 
contact. The resulting NPs had a heterogeneous size 
distribution and had spherical shape and size varied 
from 5 to 50nm62,63 (Table 1).

The anticancer impact of AgNPs has received a lot 
of attention recently. AgNPs are effective in combating 
a range of cancers, including cervical cancer, breast 
cancer, lung cancer, etc64,65. Pei et al., synthesised 
the biogenic AgNPs by Coptis chinensis and studied 
their anticancer activity in A549 cells65. These NPs 
induce apoptosis in A549 cells by interfering with a 
mitochondria-mediated mechanism65.

Archana Chakravarty et al., evaluated the 
antioxidant, antibacterial and anti-inflammatory 
properties of the silver nanoparticles synthesised 
by Syzygium cumini fruit extract55. Several studies 
suggested that AgNPs are known to impede metastasis 
and invasion in a dose-dependent way66-68. 

The cellular electron transport system is disrupted 
by silver NP interaction with the mitochondria, which 
leads to a rise in ROS. AgNPs were therefore thought 
to be toxic to the cells primarily through the oxidative 

Figure 2. Techniques of characterisation of 
nanoparticles.
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stress caused by ROS. AgNPs’ large surface area may 
therefore make it easy for them to enter cells and 
interact with their contents, disrupting the cellular 
signalling cascade69.

6.2 Gold Nanoparticles (AuNPs)
The medicinal applications of AuNPs are widely 
recognised and have been the topic of much research. 
AuNPs are very attractive in the field of nanomaterial 
research because of their excellent adsorption capacity, 
stability, size controllability and biocompatibility.

Typically, plant extracts are used as reducing agents 
to reduce gold ions during the green production of Au 
NPs. To obtain the extracts, the ground plants are often 
soaked in solvents (such as water or ethanol) under 
favourable environmental circumstances (various 
green substances have different ideal conditions). The 
extracts are then combined with a gold ion solution and 
when the solution turns red, Au NPs start to form70-73. 

Biosynthesised AuNPs reportedly displayed 
anticancer efficacy by causing cellular death in renal 
carcinoma A498 cells, according to Liu et al74. Biogenic 
NPs synthesised from Taxus baccata exhibited 
spherical, hexagonal and triangular morphologies, with 
a diameter of under 20nm. Researchers investigated 
the anti-cancer activity of AuNPs synthesised by Taxus 
baccata on cell lines, such as Caov-4, MCF-7 and HeLa. 
The anti-cancer mechanism of AuNPs generated by 
T. baccata is confirmed by this investigation to be the 
caspase-independent death75. Yang et al., synthesised 
the AuNPs from the leaf of Catharanthus roseus (CR). 
TEM verified that the produced AuNPs were in the 
50–200 nm particle size range (Table 1). They studied 
the effect of conjugated AuNPs with CR leaf extract 
on human cervical cancer (HeLa) cells in terms of 
ROS-mediated apoptotic effects76. Human cervical 
carcinoma (HeLa) cells showed cytotoxic effects by 
enhanced apoptosis when exposed to biologically 
produced CR-AuNPs. Caspase-3 was cleaved after 
being exposed to CR-AuNPs for 24 hours. These results 
demonstrate that in human cervical carcinoma (HeLa) 
cells, CR-AuNPs contribute to apoptotic cell death76. 

TEM images revealed the spherical shape of NPs and 
their average size was 20nm synthesised from Murraya 
koenigii leaf extract77. A dose-dependent increase in the 
anti-cancer activity of gold nanoparticles synthesised 
from Mentha longifolia leaf extract was seen against 

various breast cancer cell lines (MCF7, Hs 578Bst, 
Hs 319.T and UACC-3133) (Table 1). These NPs had 
spherical shapes with an average diameter of 36.4nm78. 
AuNPs synthesised from Cassia roxburghii leaf extract 
had a diameter of 25-35nm and showed promising 
anticancer activity against HepG2, MCF7 and HeLa 
cell lines79 (Table 1). 

Raghunandan et al., reported the anti-cancer efficacy 
of biofunctionalised gold nanoparticles synthesised 
from guava and clove extract against distinct cancer 
cell lines, human colorectal adenocarcinoma, human 
kidney, human chronic myelogenous leukaemia, bone 
marrow and human cervix. At a dosage of 20g/mL, 
AuNP produced with clove bud extract inhibits 50% 
growth of HeLa, HEK-293 and HT-29 cancer cells. 
Conversely, AuNP generated from guava extract had 
anti-cancer action against HEK-293, although the IC50 
value was more than 30μg/mL80 (Table 1).

Ismail et al. reported the anticancer effects of AuNPs 
synthesised by Corchorus olitorius leaves extract against 
many cancer cell lines (colon cancer HCT-116, breast 
adenocarcinoma MCF-7 and hepatocellular cancer 
HepG-2)81. C. olitorius extract at low concentrations 
produced both triangular and hexagonal geometries, 
whereas at higher concentrations quasi-spherical 
morphologies of Au NPs were produced with an 
average size of 37–50 nm81 (Table 1).

Researchers showed that green AuNPs produced 
from a variety of plants, including Camellia sinensis, 
Coriandrum sativum, Mentha arvensis, Phyllanthus 
amarus, Artabotrys hexapetalus, Mimusops elengi 
and Syzygium aromaticum, have anticancer potential 
against the MCF7 human breast cancer cell line. They 
found that AuNPs are just as effective as conventional 
medications for treating cancer at the lowest dose (2μg/
mL)82. 

The anticancer effect of gold NPs is caused by several 
mechanisms such as; altering the permeability of the 
cell, which causes mitochondrial dysfunction83,140, 
producing Reactive Oxygen Species (ROS), which 
results in oxidative stress and DNA fragmentation and 
ultimately activates caspase-dependent or independent 
apoptotic pathways, altering the chemical structure of 
proteins/DNA and cell cycle arrest75.

According to Chowdhury et al., AuNPs are 
particularly selective against malignant cells among the 
various NPs because of their increased permeability and 
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Table 1. Size and shape of different metallic nanoparticles synthesised from various plant extracts and their effect 
on cell lines

S. No. Metal Shape Size Plant Plant 
Part

Cell Lines
(Anti-cancer 

effect on)
IC50 References

1 Ag Spherical, 
Triangular, 
Truncated 
Triangular, 

and 
Decahedral

25 to 80 mm Nelumbo 
nucifera

Leaves T47D and 
4T1 cell lines

12.10±0.08 
µg/mL in 
T47D and 

98.77±1.27 
µg/mL in 4T1

57,58

2 Ag Spherical 80.62 - 100.50 nm Murraya koenigii Leaves HT-29 26.05 µg/mL. 59,77

3 Ag Spherical 3.2-12 nm Lantana camara Leaves A549 and 
MCF-7

49.52 g/mL 
and 46.67 g/

mL

32,60

4 Ag Spherical 5-40 nm Impatiens 
balsamina

Flower U937 84.17 ± 2.13 61

Colo205 65.40 ± 2.41

B16F10 196.5 ± 4.19

HepG2 95.52 ± 4.08

HeLa 93.27 ± 2.53

5 Ag Spherical 5-50 nm Medicago sativa Seed Human 
Fibroblasts

8.22 μg/mL 62,63

6 Au Spherical 50-200 nm Catharanthus 
roseus

Leaves HeLa Cells 5 µg/ml 76,86

7 Au Spherical 36.4 nm Mentha 
longifolia

Leaves MCF7 74 µg/mL 78

Hs 578Bst 279 µg/mL

Hs 319.T 274 µg/mL

UACC-3133 201 µg/mL

8 Au Spherical 25–35 nm Cassia roxburghii Leaves HepG2 30 μg/ml 79

MCF7 50 μg/ml

HeLa 50 μg/ml

9 Au Triangular, 
hexagonal 
and quasi-
spherical

37-50 nm Corchorus 
olitorius

Leaves MCF-7 11.2-12.2 µg/
mL

81

HCT-11 12.2 µg/mL

HepG-2 10.3 µg/mL

10 Au Irregular 5-100 nm Clove Bud HeLa, HEK-
293, and 

HT-29

20 μg/mL 80,87

K-562 30 μg/mL

11 Zno2 spherical 
or elliptical 

shape

41.23 nm M. fragrans Fruit HepG2 20 and 22 
μg/ml (After 
48 and 24 h)

88,89

12 Zno2 ribbon or 
strip-shaped

30-40 nm Azadirachta 
indica

Leaves A549 125.64 (L5) 
and 115.63 (L 

10) μg/mL

90

13 Zno2 Hexagonal 9.26 to 31.18 nm Deverra tortuosa Leaves Caco-2 0.81 μg/mL 91

A549 83.47 μg/mL
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retention (EPR) effects84,85. Nano-based approaches 
are thought to be a crucial component of medication 
design and delivery.

6.3 Zinc Oxide Nanoparticles (ZnO NPs)
The unique qualities and potential uses of Zinc 
oxide NPs have gained significant attention in 
the field of medicine. The United States Food and 
Drug Administration (FDA) has also classified 
them as “Generally Recognised as Safe” (GRAS) 
(21CFR182.8991)47. 

These are made by mixing plant extract with zinc-
nitrate hexahydrate (Zn(NO3)26H2O). Furthermore, 
the mixture is heated to 60 °C continuously for 
two hours. After 40 minutes, the solution’s colour 
changes to a yellowish-black, indicating the synthesis 
of ZnONPs48,97. Zinc oxide NPs made by plants are 
produced in a variety of sizes and shapes and have a 
wide range of characteristics98. 

Systemic toxicity caused by ZnO NPs has been 
seen in mouse models. On the other hand, combining 
antioxidants with zinc oxide nanoparticles may reduce 
the negative effects and increase their anticancer 
potential.88. Fruit extracts of Myristica fragrans were 
used for the production of zinc oxide nanoparticles99. 
ZnO-NPs are produced when Zn(NO3)22H2O and M. 
fragrans react, as seen by the mixture’s colour changing 
from light brown to dark grey. The synthesised NPs’ 
spherical or elliptical shape was confirmed by SEM and 
TEM studies of the crystallites, which had an average 
diameter of 41.23nm88 (Table 1). 

ZnO NPs synthesised with leaf extract of 
Azadirachta indica have proven cytotoxic activity 
against human lung cancer cell lines (A549)90. Field-
Emission Scanning Spectroscopy (FE-SEM) confirmed 
the ribbon or strip-shaped NPs. The sheet was 20–30nm 
thick 600nm long, and 30 to 40 nm wide90 (Table 1).

Selim et al., investigated ZnONPs synthesised 
from the Deverra tortuosa extract showed promising 
anti-cancer activity against CaCo-2 and A549 cell 
lines. TEM analysis showed the hexagonal structure of 
particles and their size in a range of 9.26 to 31.18 nm91 
(Table 1). Anti-cancer potential of zinc oxide NPs 
against astrocytes and hepatocytes of rats and different 
cancer cell lines (HepG2, A549, and BEAS-2B) was also 
demonstrated by Akhtar et al100. Data from this study 
revealed that ZnO NPs specifically cause programmed 
cell death in cancer cells, with no discernible effect on 
normal cells. This effect is probably mediated by the 
upregulation of p53, caspase, and bax genes100.

Biogenic synthesis of ZnO NPs from Raphanus 
sativus leaves was done by Uma Maheshwari et al. These 
particles had a size of 209nm and they were spherical 
to hexagonal (Table 1). The cytotoxicity studies were 
carried out against A549 cell lines, which suggests the 
toxic effect exerted by the synthesized NPs on cancer 
cells92.

Umar et al., generated ZnO nanoparticles from 
the stem bark extract of Albizia lebbeck. Some of the 
NPs have an appearance of being elongated and rod-
like, while others show a small aggregation of zinc 
oxides and are hexagonal. Their diameter at different 
concentrations ranges from 66.25nm to 112.87nm93. 
The cytotoxic effect of these nanoparticles on MDA-
MB 231 and MCF-7 was studied. These nanoparticles 
have promising cytotoxic activity on MDA-MB 231 
and MCF-793 (Table 1). 

There are various studies where Green ZnO 
NPs were made using various plant extracts such 
as Trifolium pretence flower extracts101, the flower 
of Nyctanthes arbor-tristis102, the leaf extract from 
Passiflora caerulea103, leaflets of Catharanthus roseus104, 
leaf extract of Murraya koenigii105, Lathyrus sativus 
root106 and Aloe vera leaf extract107.

14 ZnO2 spherical, 
hexagonal

209 nm Raphanus 
sativus

Leaves A549 40 μg/ ml 92

15 ZnO2 elongated 
and rod-like, 
hexagonal

66.25 nm to 
112.87 nm

Albizia lebbeck stem 
bark

MDA-MB 231 
and MCF-7

48.5-60.2 µg/
ml

93

16 Fe Cuboidal and 
irregular

50 nm Ricinus 
communis

Leaves MDA-MB 231 7.103 μg/mL 94,95

17 Fe Spherical 32-100 nm Albizia 
adianthifolia

Leaves AMJ-13 and 
MCF-7

1.8 μg/ ml and
7.7 μg ml

96

Table 1. Continued...
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6.4 Iron Nanoparticles
Iron nanoparticles (FeNPs) are toxic to a wide range 
of pathogenic bacteria and fungi and have been 
widely and frequently employed in drug delivery and 
medicinal applications108. These NPs are synthesised 
by combining the plant extract in a 1:1 ratio with a 0.1 
M FeCl36H2O solution. At room temperature, an equal 
amount of leaf extract was added gradually dropwise 
to the ferric chloride solution and stirred with a stirrer. 
FeNPs were produced, as evidenced by the solution’s 
appearance of a hue change from pale yellow to black94. 

Dharshini et al., synthesised the FeNPs combined 
with leaf extract of Phyllanthus reticulatus. The SEM 
results revealed that FeNPs were irregularly shaped 
spheres with rough surfaces and an area with a high 
concentration of FeNPs was seen in the EDX spectrum. 
The FeNPs created ranged in size from 185.6nm108 
(Table 1). The Ricinus communis leaf extract was 
used to create cuboidal and irregularly shaped 
nanoparticles105, whereas the leaf extract from Albizia 
adianthifolia generated spherical NPs with a size range 
of 32–100 nm96 (Table 1). 

FeNPs synthesised by Coriandrum sativum leaf 
extract were examined for cytotoxicity against the 
HeLa cancer cell line and the results indicated that 
cytotoxicity increased with increasing concentration of 
nanoparticles109. 

Sulaiman et al., synthesised Magnetic Nanoparticles 
(MNPs) by combining them with Albizia adianthifolia 
leaf extract. They documented MNPs’ anti-proliferative 
potential against human breast (AMJ-13 and MCF-7) 
cancer cells96. Ahmadi et al., studied the anti-tumour 
properties of FeNPs synthesised using Satureja 
hortensis essential oil against human cancer cell lines 
K-562, and MCF-7110.

7. Future Direction

The future direction of herbal metallic nanoparticles 
in cancer holds great promise for targeted therapy, 
minimal side effects and improved patient outcomes. 
These nanoparticles can be synthesised using medicinal 
herbs, which are known for their therapeutic properties. 
By combining the medicinal properties of these herbs 
with the unique properties of MNPs, researchers 
are exploring the potential for enhanced anticancer 

activity. These herbal metallic nanoparticles have 
shown potential in suppressing the growth of neoplasm, 
inducing programmed cell death in cancer cells, and 
reducing the risk of drug resistance. Furthermore, the 
use of herbal metallic nanoparticles may provide a 
more sustainable and eco-friendly approach to cancer 
treatment compared to traditional methods.

8. Conclusion

NPs could be used to treat a variety of ailments 
because of their distinctive properties. This review 
focuses on MNP, synthesised from a plant source and 
their role in cancer therapies. Due to the usage of a 
variety of phytochemicals found in plants, these NPs 
can be produced using environmentally friendly ways 
as an alternative to traditional chemical processes, 
which reduces hazardous effects. Therefore, in this 
scenario, exploiting plant sources for the production of 
biogenic NPs could lead to new opportunities. Herbal 
nanoformulations have generally been shown to be 
safer, more bioavailable and have better therapeutic 
value when compared to traditional herbal and 
synthetic pharmaceuticals107. Despite the promising 
results of MNPs as a novel therapy approach, they have 
not yet been used in clinical settings, primarily because 
of a lack of understanding regarding their toxicity and 
behaviour in humans. Overall, it is well established 
that compared to traditional herbal and synthetic 
pharmaceuticals, herbal nanoformulations are safer, 
have a higher bioavailability, and have improved 
therapeutic value111. Despite the positive outcome of 
MNPs as a novel therapy method, they have not yet 
been used in clinical settings, mostly due to a lack of 
knowledge about their human behaviour and toxicity. 
Thus, these green MNPs may serve as the biomedical 
industry’s future catalyst for developing a drug delivery 
system. 
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