
Singh et al.                                                                            World Journal of Pharmaceutical and Medical Research 

  

 

www.wjpmr.com        │         Vol 10, Issue 3, 2024.          │         ISO 9001:2015 Certified Journal         │ 

 

 

99 

 

 

NANOPARTICLES: APPROACH FOR CANCER TREATMENT 
 

 

Ajay Singh*, Ankit Sharma, Dhiraj Kumar, Kashish Bhardwaj, Rajesh Kumar, Sakshi Chauhan and Riya 

Thakur 
 

India. 

 

 

 

 

 

 
Article Received on 09/01/2024                                       Article Revised on 29/01/2024                            Article Accepted on 19/02/2024 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

As specified data in Graph 

 
 

In India the statistics are recorded by, India's cancer 

statistics are meticulously recorded and maintained by 

the National Cancer Registry Programme (NCRP) of the 

National Center for Disease Informatics and Research 

(NCDIR) in Bengaluru. The NCDIR is an institute under 

the Indian Council of Medical Research (ICMR). The 

data is collected through two main types of registries: 36 

PBCRs (Population-based cancer registries) and 236 

HBCRs (Hospital-based cancer registries). For the year 

2020, the approximate projected diseased cases of cancer 

in India were 1,392,179, which is equivalent to around 

1.4 million cases. Unfortunately, accounting for 

approximately a million deaths due to various types of 

cancers lives lost to the disease. These numbers highlight 

the significant burden of cancer in the country and 

underscore the importance of continuous efforts in 

cancer research, prevention, and treatment. However, the 

nanoparticles are applicable for both diagnoses and 

treatment of cancer, also known as nanotherapeutics.
[3][4]

 

Upon application of the nanoparticles-based imaging 

agents gave a deep exposure to unreachable tissue area 

make it easier to diagnose and prioritize the tissue 

targeting, on the other hand talking about cancer 

treatment nanoparticles gives numerous mechanisms for 

the targeting of the cancer cells, those are: by acting on 

DNA, by mitochondrion disruption, by protein 
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INTRODUCTION 

Throughout this pursuit of knowledge, mankind has conceived and built the elements of this physical world on 

scales ranging from the gigantic to the most minute scale of mass, length, shape and structure. Up to this date, the 

study of nanoparticles has been majorly involved in to the various fields. Especially talking about the 

pharmaceutical field this concept of quantum atom, ranging between 1 nm (i.e., 10
-9

 m) to 1000 nm these very 

minute particles help in nanotechnology and preparation of nanomedicine, used for disease diagnosis, treatment 

and therapies. However, this study is known as ‘nanoscience’ or ‘nanotechnology’.
[1][2]

 In terms of size comparison 

with other microparticles and microorganism, the nanoparticles are much smaller than the cells and compared to 

virus or antibody the nanoparticles are equal size. Nanoparticle a promising frontier for the cancer treatment. 

Cancer one of the most life- threatening diseases for the mankind, global cancer rates according to The Global 

Cancer Observatory (GCO) observe the number of mortality and diseased cases, approximately 19.3 million 

diseased case and mortality rate over 10 million because of cancer which was recorded in year 2020.
[3]
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denaturation of the cancer cells which ultimately results in cancer cell death and show anti-cancerous effect.
[2][5][6]

 

 

 
Figure 2 

 

Because of these nanoparticles and their pivotal 

properties helps in bio-medical application. Cancer 

stands as a predominant cause of human mortality, 

overshadowing infectious disease. Traditional 

chemotherapeutic agents, including anti-metabolites and 

alkylating agents, wield numerous deleterious effects 

upon patients. Consequently, researchers are inclined 

towards the exploration of targeted therapy to mitigate 

these side effects. A novel avenue involves the 

application of nanomaterials to regulate the release of 

anti-cancer drugs, amplifying there in vivo efficacy. The 

utilization of nanoparticles as carriers for anti-cancer 

drugs, also showcases intrinsic anti-tumor effects. 

Metallic Nanoparticles are metal derived nanoparticles 

which are induced to give anti-cancer property, some of 

the metallic nanoparticles are Gold, Silver, Iron, 

Titanium, platinum, Zinc etc.
[5][6][7]

 

 

Rationale 

The rationale for undertaking this work lies in the critical 

need for innovative approaches to combat the global 

challenge of cancer. With cancer emerging as a leading 

cause of mortality worldwide, there is a pressing demand 

for novel and targeted therapeutic strategies. The study is 

on nanoscience and nanotechnology, specifically 

focusing on nanoparticles, to explore their potential in 

revolutionizing cancer diagnosis and treatment. The 

unique properties of nanoparticles, particularly their 

ability to operate at the molecular level, offer 

unprecedented opportunities for precise targeting and 

efficient drug delivery. The escalating cancer statistics in 

India underscore the urgency for advanced treatments, 

making it imperative to investigate and harness the 

potential of nanoparticles in this context. The targeted 

drug delivery mechanisms, both active and passive, 

present a compelling rationale for mitigating systemic 

toxicity and enhancing treatment efficacy. By examining 

specific types of nanoparticles, including Platinum, 

Silver, and Gold, the research aims to unravel their 

distinct properties and applications in anticancer therapy. 

Additionally, the exploration of environmentally friendly 

green synthesis methods using plant extracts adds a 

dimension of sustainability to the study. Ultimately, this 

work aspires to contribute valuable insights and solutions 

to the ongoing global effort to alleviate the burden of 

cancer and improve patient outcomes through cutting-

edge nanomedical interventions. 

 

Targeting 

Addressing cancer with non-targeted drugs presents 

significant challenges due to the widespread distribution 

of most chemotherapeutic drugs throughout the body. 

This broad distribution leads to systemic toxicity, causing 

adverse effects and intolerability in patients. 

Consequently, these issues often result in discontinuation 

of treatment. Tumor cell targeting represents a crucial 

feature of nanocarriers employed in drug delivery, as it 

plays a pivotal role in improving treatment efficacy 

while minimizing harm to healthy non-cancerous cells 

and tissues. Numerous studies have developed into drug 

delivery utilizing targeted nanoparticles. Understanding 

the mechanistic interactions between tumors, cancer 

cells, and nano-carriers is essential for the rational design 

of efficient drug delivery systems.
[8]

 

 

The mechanisms of targeting can be broadly classified 

into two distinct categories: active targeting and passive 

targeting. 

 

http://www.wjpmr.com/


Singh et al.                                                                            World Journal of Pharmaceutical and Medical Research 

  

 

www.wjpmr.com        │         Vol 10, Issue 3, 2024.          │         ISO 9001:2015 Certified Journal         │ 

 

 

101 

 
 

i. Active targeting: Active targeting involves the 

intentional modification of nanocarriers to recognize 

and selectively bind to specific receptors or markers 

on the surface of cancer cells. This customization 

allows for precise drug delivery to the tumor site. 

Ligands, antibodies, or peptides that have an affinity 

for cancer cells are often integrated into the 

nanocarrier design to facilitate this targeted 

approach. 

 

ii. Passive targeting: Passive targeting relies on the 

unique physiological characteristics of tumors to 

enhance drug delivery. Tumors typically exhibit 

abnormal vasculature with leaky blood vessels, a 

phenomenon known as the enhanced permeability 

and retention (EPR) effect. Nanocarriers take 

advantage of this feature by passively accumulating 

in the tumor due to increased permeability and 

reduced lymphatic drainage. This accumulation 

enhances drug concentration at the tumor site, 

maximizing the therapeutic effect. 

 

Types of nanoparticles 

 
 

1. Platinum: The Platinum nanoparticles (PtNPs) have 

multifunctional applications and have been found 

enhanced efficacy of malignant bone tumors 

osteosarcoma.
[9][10][11]

 Nanocarriers have been 

specifically engineered to enhance the concentration of 

therapeutic compounds in the proximity of malignant 

bone tumors, aiming to improve the effectiveness of 

treatment. This targeted approach is designed to address 

the challenges associated with conventional drug 

delivery, offering a more precise and efficient means of 

combating bone-related malignancies. Platinum-based 

anticancer drugs, as well as platinum nanoparticles 

(PtNPs), have been found to induce the breakage of 

DNA strands within cells.
[12][13][14]

 Unlike soluble 

platinum-based drugs, PtNPs exhibit an additional 

capability of effectively scavenging hydrogen peroxide 

and superoxide, demonstrating antioxidant activity. 

Furthermore, PtNPs possess imaging capabilities, 

contributing to their potential use in cancer 

theragnostic.
[14][15][16][18]

 However, it's noteworthy that 

PtNPs also display cytotoxicity, which hinders their 

widespread application in medicine and healthcare. 

Consequently, the development and testing of more 

biocompatible PtNPs for cancer treatment remain a 
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significant challenge.
[19][20]

 Moreover, the efficacy of 

nanomedicine for cancer treatment may face limitations 

due to short circulation times and the limited persistence 

of nano-drug conjugates and nanoparticles (NPs) within 

tumor tissues. Nanoconjugates are often rapidly removed 

from the body after recognition by the human immune 

system. To address this issue, NPs are commonly 

pegylated by attaching the Food and Drug 

Administration (FDA)-approved polyethylene glycol 

(PEG). This pegylation process aims to increase 

circulation and retention time, while also reducing 

nonspecific serum protein adsorption, thus avoiding rapid 

clearance by the reticuloendothelial system (RES). This 

strategy is crucial for optimizing the performance of 

nanomedicine in cancer treatment.
[21][22]

 The borohydride 

reduction technique to produce PEGylated platinum 

nanoparticles (PtNPs) in colloidal form at room 

temperature. These PtNPs exhibited stability during 

storage for over 2 years and for approximately 1 week in 

both phosphate-buffered saline (PBS) at pH 7.4 and 

serum. In vitro studies with various normal cell lines and 

a chicken egg embryo model demonstrated the 

biocompatibility of PtNPs. Subsequently, the researchers 

developed a PtNP-based delivery system for doxorubicin 

(PtNPs-DOX). Various analytical methods were 

employed to characterize PtNPs-DOX and the PtNPs. In 

a series of in vitro assays, PtNPs-DOX exhibited the 

ability to suppress the growth of tumor cells, 

specifically B16F10 and A549 cells. 

 

Annexin-V staining confirmed the induction of apoptosis 

in tumor cells by PtNPs-DOX. Moving to in vivo studies, 

intraperitoneal (IP) administration of PtNPs-DOX in a 

mouse model with subcutaneous melanoma significantly 

inhibited tumor proliferation when compared to the free 

drug. The anti-tumor activity was further substantiated 

by a decrease in the expression of Ki-67 and SOX2 

proliferation markers, coupled with an increase in the 

expression of the tumor suppressor protein p53 in 

malignant melanoma. These findings, determined 

through Western blotting and immunofluorescence, 

highlighted the potential of PtNPs-based drug delivery 

systems in anticancer nanomedicine applications Further 

investigations into the application of PtNPs in drug 

delivery for anticancer purposes are warranted based on 

the promising results of this study.
[23]

 

 

Production of platinum nanoparticles 

Platinum nanoparticles (PtNPs) are produced through 

physical, chemical methods using a top-down approach, 

involving the mechanical degradation of bulk metallic 

materials. While this process is energy-intensive and 

time-consuming, it proves effective in regulating the size 

and controlling morphologies of NPs. Various physical 

methods, Laser ablation and Solvothermal, are employed 

for production of PtNPs. Chemical methods such as 

Reduction in Nonpolar Solvents, Fusion Approach, Wet 

Chemical Reduction. And Green Synthesis using Plant 

Extracts, using Microorganisms. 

 

i. Laser ablation: Laser ablation, a simple but 

expensive process, involves irradiating a solid 

surface with a laser beam to gradually remove 

material. Although it incurs high costs for sufficient 

energy, its overall energy efficiency is good. Laser 

ablation of solid metal faces challenges of 

aggregation and inadequate degradation, leading 

researchers to explore pulsed laser ablation in liquid 

(PLAL) for PtNPs generation.
[24][25][26][27][28]

 as 

shown in (figure 5). 

 

 
 

ii. Solvothermal: The milling process involves 

gradually decreasing particle size and mixing to 

form new phases. Solvothermal processes carry out 

reactions at lower temperatures using polar solvents 

at high pressure. Inert Gas Condensation (IGC) 

methods, involving metal evaporation in vacuum 

chambers with inert gas, are efficient for producing 

high- quality PtNPs.
[29][30]
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iii. Reduction in nonpolar solvents: The chemical 

reduction of metal ions within reversed micelles in a 

nonpolar solvent is a widely recognized method for 

generating metal nanoparticles (MNPs) The process 

involves initially dissolving a metal salt in water, 

which is then encapsulated within reverse micelles. 

Subsequently, a chemical reduction occurs within 

these micelles, leading to the formation of MNPs. 

Given the significance of particle size, precise 

control over the volume of the reverse micelles, as 

well as the ratio of water to solvent, is crucial in this 

technique. This control ensures the desired size and 

properties of the resulting nanoparticles.
[31]

 

 

iv. Fusion approach: In the early 1920s, Adam and his 

colleagues successfully synthesized bulk-type PtO2 

through a fusion approach at 450°C. Following this 

synthesis, the material underwent modifications to 

transform it into platinum nanoparticles (PtNPs) using 

various techniques. However, it's worth noting that many 

of these techniques often involve the use of toxic 

chemicals.
[32]

 

 

v. Wet chemical reduction: Wet chemical reduction is 

commonly employed to finely control the size of 

particles. Various chemical reducing agents can be 

utilized for this purpose, including methoxy 

polyethylene glycol, sodium borohydride, trisodium 

citrate dihydrate, potassium bitartrate, elemental 

hydrogen, and ascorbate. The size and shape of the 

produced nanoparticles (NPs) depend on several 

factors, including temperature, the choice of the 

reducing agent, and the concentration of the 

precursor platinum compound.
[33][34][35][36][37]

 

 

vi. By using plant extracts: Plant derivatives 

encompass a range of primary and secondary 

compounds that can serve as natural reducing agents 

and capping agents. These derivatives have found 

application in the green synthesis of various metal 

nanoparticles (MNPs), as reported in several studies. 

The biosynthesis of MNPs mediated by plants is a 

straightforward and swift process involving a 

combination of plant derivatives and a solution of 

metal ions at optimal the reaction medium, change 

in color shoes formation of nanoparticles,
[38][39]

 as 

shown in (figure 6). 

 

 
 

vii. By using microorganisms: Both single-celled and 

multicellular organisms have the capability to produce 

inorganic materials, either outside (extracellularly) or 

inside (intracellularly) their cells. In the case of bacteria, 

metal nanoparticles (MNPs) can be generated through a 

reduction process that is controlled by intracellular 

signaling pathways. Bacterial enzymes play a crucial 

role in converting metal ions into MNPs during this 

process. One of the main advantages of using bacteria 

for nanoparticle production is the simplicity of 

handling,
[40]

 as shown in (figure 7). 
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2. Silver: Silver nanoparticles have proven to be 

highly effective due to their strong antimicrobial 

efficacy against bacteria, viruses, and other 

eukaryotic microorganisms. They stand out as the 

most widely used nanomaterials, finding 

applications as antimicrobial agents, in textile 

industries, water treatment, sunscreen lotions, and 

more.
[7][41][42]

 Silver nanoparticles are extensively 

explored for various scientific purposes because of 

their distinctive physicochemical and biological 

properties. These properties include a large surface 

area to volume ratio, excellent surface plasmon 

resonance, ease of functionalization or conjugation 

with different types of ligands to achieve desired 

tailored properties, toxicity against pathogens, 

efficient cytotoxicity towards cancer cells, catalytic 

applications, and more.
[6][43][44]

 Various mechanisms 

have been identified in research that help justify the 

anticancer properties of silver nanomaterials. Silver 

nanoparticles efficiently interact with cancer cells, 

taking advantage of the enhanced permeation and 

retention effect (EPR) displayed by cancer cells. 

This effect facilitates the entry and accumulation of 

silver nanoparticles within cancer cells, leading to 

the death of cancer cells or impeding their 

uncontrolled division. Additionally, silver 

nanoparticles can impact signaling physiological 

pathways, both downregulating and upregulating 

them, resulting in early apoptosis or slowing 

down the rapid division of tumor cells. Some studies 

suggest that silver nanomaterials activate p53, 

caspase-3, and p-Er K1/2, eventually leading to 

apoptosis and regulating cell division through a 

series of events within the cells.
[45][46][47]

 The 

mechanistic pathway of silver nanoparticles on the 

breast cancer cell line (SKBR3) using advanced 

techniques and procedures. Their findings provide 

conclusive insights into the anticancer potential of 

silver nanoparticles on human cancer cell lines 

(SKBR3). They reported significant inhibition of 

cell motility and the inhibitory action on 

metalloproteinases (MMPs). Treatment with silver 

nanoparticles induced notable morphological 

changes in cancer cells, including shrinkage, 

irregularity in shape, blebbing of cytoplasm, changes 

in the shape of intracellular vacuoles, and chromatin 

condensation. Alongside these changes, the 

production of reactive oxygen species (ROS) caused 

oxidative stress and cell death. Furthermore, they 

reported the upregulation of LC3-II, ATG7, beclin-

1, ATG5, and downregulation of HSP90, AKT, P62, 

p-AKT autophagic markers.
[46]

 

 

Production of silver nanoparticles: Silver nanoparticles 

can be synthesized through three different methods: 

physical, chemical, and biological.
[48]

 

i. Physical methods include spark discharging, 

pyrolysis, tube furnace (evaporation– condensation), 

laser ablation, gamma-irradiation, microwave 

processing, and others. While these methods may 

have certain drawbacks such as high energy 

consumption, low yield, and non-uniform 

distribution of nanoparticles, they have the 

advantage of not using environmentally hazardous 

chemicals, as shown in (figure 5). 

 

ii. Chemical methods for synthesizing silver 

nanomaterials encompass techniques like the Sol-

Gel method, co-precipitation, pyrolysis, Sono-

chemical, and electrochemical methods. 

 

iii. Green Synthesis one of the biological approaches to 

silver nanoparticle synthesis is the green synthetic 

approach, which involves creating nanoparticles 

exclusively from plant extracts. Currently, there is a 

notable emphasis on adopting green synthetic 

approaches due to their eco-friendliness, cost-

effectiveness, and the vast diversity of plant 

resources available, along with the abundance of 

bioactive phytocompounds in plant extracts. It's 

essential to highlight those plants serve as extensive 

reservoirs of naturally occurring bioactive 

phytocompounds. These compounds not only 

contribute to the synthesis of nanoparticles but also 

provide versatile properties, including desired 

functionalization, long-term stability, 

biodistribution, and nanolithography, enabling a 

broad spectrum of bioactivities. Additionally, 

factors such as temperature, pressure, pH, the type 

of reducing agent, and precursor agents play a 

significant role in controlling the shape, size, surface 

area to volume ratio, size distribution, morphology, 

and bioactivity of the synthesized silver 

nanomaterials.
[49][50][51][52]

 as shown in (figure 6,7). 

 

3. Gold: In recent years, there has been considerable 

research interest in the synthesis of nanoparticles 

(NPs) due to their exceptional biomedical 

applications, as well as electronic, optical, and 

chemical properties. Metallic NPs have been 

synthesized by,
[53]

 The in vitro cytotoxicity of the 

synthesized gold nanoparticles (AuNPs) and 

Hygrophila spinosa aqueous extract (HSAE) against 

MCF-7 and MDA-MB-231 (breast), SKOV-3 

(ovarian), NCI/ADR (multi-drug resistant), and U-

87 (brain) cancer cell lines was determined at 

concentrations ranging from 12.5 to 200 µg/mL 

using the MTT assay. AuNPs exhibited dose-

dependent cytotoxicity against all the tested cancer 

cell lines. At a concentration of 200 µg/mL, the 

percentage cell viability for synthesized AuNPs 

against MCF-7, MDA-MB-231, SKOV-3, 

NCI/ADR, and U-87 cell lines was 43.78%, 

39.34%, 21.45%, 31.48%, and 27.89%, 

respectively. The synthesized AuNPs demonstrated 

higher cytotoxicity in the ovarian cancer cell line 

compared to breast, brain, and multi-drug resistant 

cell lines. Green Synthesized AuNPs exhibited 

significantly greater anticancer activities compared 

to HSAE, possibly due to increased cellular uptake 
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and retention of the nanoparticles. Additionally, the 

nanoparticles are not substrates for the P-

glycoprotein efflux pump.
[54]

 

 

i. Physical methods using various metals such as Ag, 

Au, Cu, and Zn. Among these, gold nanoparticles 

(AuNPs) have garnered significant attention for their 

applications in cancer therapy and imaging, 

angiogenesis, diagnosis of genetic diseases and 

disorder.
[55][56]

 AuNPs have been specifically 

designed for the targeted delivery of anticancer 

agents like paclitaxel, doxorubicin, and 

methotrexate,
[57]

 as shown in (figure 5). 

 

ii. Chemical methods are the most commonly 

employed approach for the synthesis of metallic 

NPs, involving the reduction of metallic ion 

solutions with reducing and capping agents such as 

sodium citrate, sodium borohydride, trisodium 

citrates, N,N-dimethyl formamide, 2-

mercaptobenzimidazole, sodium hydroxide, and 

sodium dodecyl sulfate.
[58]

 It's worth noting that 

many of the materials used in these synthesis 

processes can be harmful to both human health and 

the environment. 

 

iii. Green synthesis the green synthesis of gold 

nanoparticles (AuNPs) using plant extracts and its 

biomedical applications are currently garnering 

significant interest in the field of nanotechnology. In 

the present study, AuNPs were synthesized utilizing 

an aqueous extract from Hygrophila spinosa 

(HSAE). The plant materials were cut into small 

pieces and allowed to dry in the shade for 15 days. 

Once dried, the material was coarsely powdered and 

stored in an air-tight container for future use. A total 

of 100 grams of the coarse powder material was 

subjected to extraction via soxhlation using 95% 

ethanol (300 mL). The ethanol extract obtained was 

concentrated using a rotary evaporator, dried, and 

then preserved in an air-tight container until further 

use. For the next step, 5.0 grams of the above extract 

were added to 100 mL of distilled water, subjected 

to sonication for 5 minutes, and then filtered using 

Whatman filter paper. Subsequently, the filtrate 

underwent an additional filtration step through a 

0.25 µm membrane filter, and the resulting extract 

was stored in an air-tight container for further 

use,
[53][59]

 as shown in (figure 6,7). 

 

CONCLUSION 

In conclusion, the utilization of nanoparticles represents 

a groundbreaking approach in the field of cancer 

treatment. The staggering global statistics on cancer 

incidence and mortality underscore the urgent need for 

innovative solutions. Nanotechnology and their 

application in nanomedicine facilitate precise diagnosis 

exposure, while in cancer treatment, nanoparticles 

demonstrate diverse mechanisms such as DNA 

interaction, mitochondrion disruption, and protein 

denaturation, resulting in targeted cell death. Targeting 

strategies, both active and passive, play a pivotal role in 

enhancing drug delivery efficacy and minimizing 

adverse effects. Examining specific types of 

nanoparticles, such as Platinum, Silver, and Gold, reveals 

their unique properties and applications in anticancer 

therapy. Notably, the green synthesis of nanoparticles 

using plant extracts emerges as an environmentally 

friendly and bioactive method. Despite challenges like 

cytotoxicity, the remarkable potential of nanoparticles in 

cancer therapeutics, especially when harnessed through 

targeted approaches and innovative synthesis methods, 

signifies a transformative frontier in the ongoing battle 

against this formidable disease. 
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