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ABSTRACT: 

Worldwide, cancer is the second most common 

cause of death. Chemotherapy and other traditional 

cancer treatments have toxicities that affect normal 

cells in addition to their intended targets, 

necessitating the development of novel techniques 

for more effective cell-specific targeting. The use 

of nanomaterials as chemical biology tools in 

cancer theranostics has been thoroughly 

investigated and researched. It demonstrates more 

applicability in terms of stability, biocompatibility, 

and enhanced cell permeability, which lead to 

accurate targeting and lessen the drawbacks of 

conventional cancer treatments. Gaining 

multifunctionality and targeting techniques is an 

interesting possibility presented by the 

nanoplatform. The creation of smart nanomaterials, 

in particular, with the introduction of 

nanotechnology, has revolutionized the diagnosis 

and treatment of cancer.It is essential in serving as 

a link between nanomedicine and the science and 

technology of various nanoparticles (NPs). NPs in 

the size range of 1–100 nm are generally regarded 

as suitable for use in cancer treatments. NPs have 

the potential to improve the solubility and 

consistency of therapeutic medicines, enabling site-

specific targeting, controlled release, and organ 

safety. Pathophysiological characteristics, 

improved permeability and retention (EPR) effects, 

and a benefit in cancer targeting are all advantages 

of NPs. Additionally, theranostic nanoparticles 

have been developed with the integration of 

therapy and diagnostics into a single system, which 

may offer more individualized treatment with ideal 

dosages and the use of imaging technologies to 

track the delivery, targeting, and response to 

therapy. 

Keywords: Nanoparticle, theranostics, 

nanomedicines, cancer, nanotechnology  

 

I. INTRODUCTION 
Theranostics platform combines two 

concepts; therapeutic and diagnosis. It uses ability 

of an imaging agent targeting diseases at molecular 

level along with which it allows the real-time 

detection of location of the region affected in the 

disease, drug monitoring for its distribution and 

agglomeration as well as visualization of 

therapeutic outcomes¹ ² ⁵ .Amongst the deadliest 

diseases, cancer (or malignancy) is convoluted, 

diverse and horrible disease. This aggressive killer 

kills millions of people annually and has became a 

significant global healthcare issue¹ ³ ⁴ . Research 

has focused on developing strategies to combat this 

life-threatening disease. Therapeutic management 

of cancer has received significant attention in this 

setting.Various diagnostic methods have been used 

to diagnose cancer, including NIR fluorescence and 

positron emission tomography (PET). Various 

imaging methods include SPECT, MRI, CT, and 

photoacoustic imaging (4). Chemotherapy, 

immunotherapy, gene therapy, photodynamic 

treatment (PDT), radiation, and hyperthermia are 

some of the therapeutic options available.  

Theranostics for cancer combines multiple 

modalities into a single platform⁶ . 

Nanotechnology has made significant 

contributions to cancer therapy and offers a new 

approach to addressing challenges with traditional 

chemotherapeutic drugs⁷ . It is a painless therapy 

that promotes human health and can be utilised as a 

molecular instrument for specialised medical 

interventions on the molecular level⁵ . 

Nanotechnology can help diagnose, treat, 

and manage many malignancies⁸  ⁹ . 

Nanotechnology can help diagnose and treat 

cancer. Nanoparticle-based imaging and therapy 

are under continual investigation. Nanotechnology 

enables accurate diagnosis, drug administration, 

and monitoring of therapeutic outcomes. It is 

expected to play a significant role in personalised 

medicine and treatments. Nano-formulations such 

as polymeric nanoparticles, metallic nanoparticles, 

liposomes, dendrimers, carbon nanotubes, and 

quantum dots are employed for cancer theranostics 

purposes ¹º-¹⁷ . Nanoconstructs are a promising 

cancer therapeutic method that combine 

nanoparticles (NPs) with ligands. They use a 

simple design, geometry, and stability can be 
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supplied both actively and passively. 

Nanoconstructs offer advantages over traditional 

cancer treatments, including reduced toxicity and 

biodistribution. Their shortcomings include 

biocompatibility, uneven dispersion, toxicity, and 

lack of precision. 

According to WHO, cancer is the biggest 

cause of death globally, accounting for 

approximately ten million deaths in 2020. The most 

frequent cancers are breast, lung, colon, rectal, and 

prostate cancer.  

Tobacco use, a high BMI, alcohol consumption, a 

low diet of fruits and vegetables, and a lack of 

physical activity account for almost one-third of 

cancer fatalities. Cancer-causing infections, such as 

human papillomavirus (HPV) and hepatitis, 

account for over 30% of cancer cases in low- and 

lower-middle-income nations. Many tumours are 

curable if diagnosed early and treated properly. 

Cancer occurs when a small number of 

cells proliferate uncontrollably and spread 

throughout the body. DNA damage, a primary 

cause of cancer, disrupts several 

regulatorymechanisms. Mechanisms that lead to 

certain malignant illnesses¹⁸ .  

Mutation or changes in genes which are 

defective in following, cytochrome P450, S-

transferase, RAD51C, RAD51D, malignant ovarian 

epithelial, one-carbon metabolism genes and many 

more plays crucial role in enhancement of 

cancer¹⁹ .Cancer development is influenced by 

tumour heterogeneity, the tumour 

microenvironment, cancer stem cells (CSCs), and 

epigenetics which arelater followed by progression 

of chemotherapeutic resistance and recurrence 

associated with the same⁵  ²º. Chemotherapy may 

not provide a targeted and effective treatment for 

patients with metastatic cancer²º. 

Immunotherapeutic medications have demonstrated 

remarkable progress in treating cancer at the 

primary stage while also preventing metastases and 

lowering the risk of recurrence ⁵  ²¹. 

Immunotherapy for cancer comes in a variety of 

forms, including immune checkpoint inhibitors, T-

cell transfer therapy, and monoclonal  vaccinations 

as well as antibodies. Cancer can grow because 

immunological checkpoints like PD-L1 and CLTA-

4 interact with other tumour cell proteins and the 

immune system. Therefore, a variety of checkpoint 

inhibitors are employed, including chimeric antigen 

receptor-mediated nanomedicines that target T cells 

and PLGA-ICG-R837 for anti-CTLA4 ²². However, 

the primary side effect of immune treatment is 

autoimmune issues. Additionally, research 

indicates that immune treatment is not as effective 

against tumour cells as lymphoma ²³. 

 

NANO PARTICLES 

Materials of a nanorange size, or typically 

1–100 nm, are used in medical nanotechnology. 

These materials are used in the creation and 

production of medicinal medications and 

equipment²⁴ 26
.Nanomaterials are distinct from 

conventional macromolecules due to their 

numerous special optical, magnetic, and electrical 

properties that arise as size decreases to the 

nanoscale. High surface-to-volume ratios, 

improved electrical conductivity, 

superparamagnetic behaviour, spectral shift of 

optical absorption, and distinctive fluorescence 

properties are some of the common traits shared by 

typical nanomaterials. Nanomaterials can be used 

in medicine for controlled release and drug transfer. 

Increased permeability enabling crossing through 

biological barriers and improved biocompatibility 

are also noticeable features²⁵ 26
. Additionally, there 

is a high likelihood that these nanoparticles will 

interact with enzymes, antibodies, and receptors 

within cells. The ability to modify nanoparticles 

makes them perfect for precise diagnosis and 

therapy ²⁷  ²⁸ . The formulations of many 

theranostic nanoparticle agents are presented in the 

literature. Nanoparticles are composed of several 

elements, such as silica, carbon, gold ions, and so 

forth²⁹  ³⁰ . They were examined in numerous 

animal modules and revealed potential uses for a 

number of imaging probes in the early 

identification of cancer. Nonetheless, they have 

disadvantages such as immunogenicity, toxicity, 

and a sluggish rate of bodily elimination³¹ ³². 

Polylactic acid (PLA), poly(ε-caprolactone), 

poly(lactide-co-glycolide) (PLGA), 

poly(alkylcyanoacrylate), and polyglycolic acid are 

the most significant molecules used for such 

systems. Polylactic acid (PLA), poly(ε-

caprolactone), poly(lactide-co-glycolide) (PLGA), 

poly(alkylcyanoacrylate), and polyglycolic acid are 

the most significant molecules used for such 

systems. In contrast, peptides, proteins, nucleic 

acids, dextran ester, and chitosan are examples of 

natural polymers that are employed.  

Naturally, these compounds are great, but 

because of their interactions with medication 

molecules, they have short half-lives, non-specific 

distribution rates, and limited applicability. As a 

result, artificial, Biodegradable, polymeric 

nanoparticles were investigated³³ ³⁴ .These 

polymeric nanoparticles were painstakingly created 

using synthetic chemistry and modelling research. 
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Poly(2-hydroxyethyl-L-aspartamide), poly(L-

aspartate), poly(D,L-lactic acid-co-glycolic acid), 

poly(ε-caprolactone), poly(ethylene glycol) (PEG), 

poly(N-vinyl pyrrolidone) (PVP), poly(N-isopropyl 

acrylamide) (PNIPAM), poly 

(hydroxypropylmethacrylamide) (PHPMA), 

poly(methyl methacrylate), poly(ethylene glycol), 

poly-(chloromethyl-styrene) (PCMS), and other 

synthetic biodegradable polymeric nanocarriers 

used in anticancer therapy. The various kinds of 

polymeric nanoparticles for medication delivery are 

as follows figure 1. 

 
Figure 1: The different kinds of polymeric nanoparticles for drug delivery 

 

Building blocks for nanoconstructs in cancer : 

Particles with a diameter of less than 

1,000 nm and unique properties that are frequently 

lacking from larger samples of comparable material 

types are referred to as nanoparticles (NPs). These 

can all be classified as 0D, 1D, 2D, or 3D based on 

the overall form of the nanoparticle³⁵ . The main 

parts of NPs are the layers of surface, shell, and 

core³⁶ . Apart from nanoconstructs based on 

organic materials, researchers have also 

investigated the possibilities of inorganic 

nanoconstructs based on nonmetallic materials such 

as iron oxide, gold, and silver.  

therapeutic advantages. Black phosphorus 

(BP) is one of them that has gained a lot of 

popularity in two-dimensional nanomaterials due to 

its unique properties and structure. Its unique 

qualities—such as its biocompatibility and its 

thermal, optical, electrical, and drug-loading 

properties—have made it more in demand than 2D 

nanomaterials that incorporate graphene⁵ . 

The BP nanomaterials' puckered 

honeycomb structure, in which every phosphorus 

atom is sp3 hybridised with a tetrahedral 

configuration, allows them to demonstrate 

remarkable optoelectronic, thermal, and mechanical 

aptitude. Because of this, they can function as 

photothermal agents, which turn near-infrared 

energy into heat and so promote photothermal 

ablation of tumours. Furthermore, reactive oxygen 

species (ROS), which are essential for the 

photodynamic treatment of tumours, can be formed 
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in ambient oxygen by the energy generated by the 

excitation of BP NPs. In addition to the elements 

indicated above that are used in the creation of 

nanoconstructs, additional organic, inorganic, and 

hybrid NPs are frequently used in the synthesis of  

nanostructures.  

 

Table 1: different types of building blocks for nanoconstructs 

Carrier system Material Drug  ligand Indication  Reference 

 

Polymeric 

nanoparticle 

PLGA Temozolomide Cetuximab For treatment of EGFR 

overexpressing cancers 

37 

PLGA ETP LF Enhanced anticancer 

activity in glioblastoma 

cells 

38 

PLGA Docetaxel Transferin Enhanced target 

selectivity and reduced 

toxicity in breast cancer 

cells 

39 

PLGA DTX Anti-EGFR 

antibody 

Improved cytotoxicity 

and site specificity in 

non-small cell lung 

cancer 

40 

Bovine 

Nanoparticles 

BSA Rg5 FA Breast cancer Therapy 41 

BSA Paclitaxel HA Ovarian cancer therapy 42 

Silica or 

mesoporous 

silica 

nanoparticles 

Silica Paclitaxel HA Breast cancer therapy 43 

Mesoporous 

silica 

DOX HA Enhanced targeting 

selectivity in HeLa 

cells 

44 

Mesoporous 

silica 

Zinc complexes Chitosan-

Biotin 

Enhanced 

chemotherapy 

45 

Mesoporous 

silica 

Nanoparticles 

Epirubicinv GalNAc Targeted cancer therapy 

of hepatocellular 

carcinoma 

46 

Dendrimer PAMAM miRNA ferritin Treatment of myeloid 

leukemia 

48 

Selenium pDNA FA Cell specific targeting 47 

SLN Stearic acid Curcumin Transferrin Prostate cancer therapy 49 

 DOX FA Brain cancer therapy 50 

Stearic acid DOX Peptide Prostate cancer therapy 51 

Diacyl 

glyceride 

Tamoxifen 

citrate 

Transferrin Breast Cancer Therapy 52 

 

Nanoconstructs in cancer theranosis 

A new intervention with potential benefits 

for doctors and patients is cancer therapy. This 

device combines targeted delivery with diagnostic 

capabilities to provide real-time cancer therapy 

monitoring⁵ ³. 

 

Inorganic material based nanoconstructs 

Black phosphorus' unique properties and 

structure led to its rapid rise in popularity in two-

dimensional nanomaterials. 

Heterogeneous doping is utilised to 

improve these kinds of nanoconstructs' stability. In 

the realm of biomedicine, BP can be conjugated 

with a variety of metals, polymers, folic acid, 

albumin, etc. to produce heterogeneous effects. It is 

possible to create stimuli-responsive 

nanoconstructs that provide pH-mediated activation 

and NIR irradiation in order to provide stimuli-

responsive BP-based anticancer therapy⁵ ⁴ . The 

BP system has proven its potential for gene 

delivery in one such application. Mcl-1 is a 
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member of the Bcl-2 group and may be targeted in 

cancer treatments.  

Mcl-1 amplification was also observed in 

breast cancer cells. To target Mcl-1 transcription, 

BP nanomaterials coupled with PLL for 

Cas13a/crRNA delivery were developed. AGS cells 

were used in in vitro tests that showed a 58.64% 

reduction in Mcl-1 expression and an inhibition of 

cell activity⁵ ⁵ . The pH-responsive system has the 

significant advantage of allowing the delivery 

system to be altered in accordance with the internal 

environment among stimuli-responsive systems. 

Mesoporous silica nanoparticles (MSNs) are one 

type of innovative pH-responsive drug delivery 

method in which the drug is bonded to the surface 

using pH-responsive covalent bonds. These are a 

particular class of optical nanomaterial doped with 

lanthanide ions, known as upconversion NPs, that 

show a broad range of electronic transitions in the 

4f electron shell. These NPs have the capacity to 

upconvert one higher-energy photon from two or 

more lower-energy photons. Mesoporous silica-

coated upconversion NPs are coated with copper 

ions and metal-phenolic networks of tannic acid to 

create the nanoconstruct. These methods enable 

medication release to the target site simultaneously, 

allowing for real-time monitoring. These systems 

contain anticancer medications, therefore this 

nanoparticulate form aids in the effective 

administration of cancer therapy⁵ ⁶ . 

 

Polymer based nanoconstructs 

Polymeric nanoconstructs are currently 

being used for cancer theranosis due to their 

adaptability to surface modification, reactivity to 

stimuli, and capacity to contain both lipophilic and 

hydrophilic bioactives or diagnostic agents. 

Deformable discoidal nanoconstructs, which are 

employed as a novel delivery method for imaging 

and therapeutic applications, are one such example. 

PEG and PLGA are polymerized into a discoidal 

form to create these. These polymer matrices 

contain hydrophilic and hydrophobic microdomains 

that serve as pockets for different medicinal and 

imaging agents. Because these particles stay in the 

circulation for a longer period of time, they slow 

down the rate at which the Mononuclear Phagocyte 

System (MPS) sequesters them. Furthermore, these 

polymeric matrices provide the simple integration 

of polymer-drug conjugates, lipid-drug conjugates, 

and contrast agents, resulting in the development of 

genuine theranosis agents⁵ ⁷ . 

At the moment, a cutting-edge optical 

imaging technique called fluorescence resonance 

energy transfer (FRET) may be utilised to track 

medication release from NPs at the intended 

tumour location⁵ ⁸ . 

Furthermore, the potential of PLGA-based 

nanoconstructs for radiodynamic therapy was 

investigated. The generation of ROS at the tumour 

site is the foundation of this anticancer treatment. It 

primarily addresses the hypoxia brought on by the 

tumour, which lowers oxygen levels and produces 

ROS. In one unique method, verteporfin and 

perfluorooctylbromide are loaded into PLGA NPs 

to create nanoconstructs. Under normoxic and 

hypoxic circumstances, these nanoconstructs 

exhibit a sharp rise in ROS production. In people, 

this treatment has eliminated over 60% of 

pancreatic cancer cells, and in just two weeks, 

tumour development was stopped. These success 

rates demonstrate that radiodynamic therapy-based 

nanoconstructs offer superior, non-invasive 

treatment for hypoxic tumours positioned deep 

within the body⁵  ⁵ ⁹ . Due to their stimuli-

responsiveness and biodegradability, other 

polymeric nanoconstructs, like polyurethanes (PU) 

nanoconstructs, are frequently employed in 

biomedical applications class. PU nanoconstructs 

are easy-to-use medication and cancer delivery 

methods. These kinds of nanoconstructs have a 

variety of characteristics, including stimuli 

sensitivity, targeting, quick drug release, and the 

solubility of hydrophobic chemotherapeutics. They 

are able to be actively targeted by conjugating with 

ligands. They are ideal nanocarriers because they 

are responsive to temperature, pH, stimulation, and 

other environmental conditions ⁵  ⁶ ⁰ . 

 

Dendrimer based nanoconstructs 

PAMAM dendrimers are spherical, highly 

branched macromolecules that can encapsulate 

active chemicals and stabilise metal NPs, such gold 

NPs. A study investigated the possibility of using 

dendrimer-gold hybrid structures loaded with 

curcumin for thermogenesis. A dendrimer-gold 

hybrid structure was created by fusing PEGylated 

amine-terminated AuCl4 − ions with generation 

five poly(amidoamine) dendrimers. The MUC-1 

aptamer was coupled with curcumin to create the 

final hybrid system. In contrast to the nontargeted 

method, the results demonstrated enhanced cellular 

cytotoxicity in HT29 and C26 cells and 

demonstrated potential for use in cancer therapy 

and CT scan-based tumour imaging⁶ ¹. 

A different study showed how to 

chemically produce hyperbranched PAMAM 

dendrimers based on unimolecular micelles and 

coupled with F3 peptide to target the overexpressed 

cellular nucleolin in MDA-MB-231 cells. In MDA-
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MB-231 cells, PAMAM micelles with an F3 

attachment (PAMAM-DOX-F3) showed improved 

uptake. The 64Cu was chelated to micelles in order 

to track their pharmacokinetic behaviour for PET 

imaging. Compared to 64Cu-PAMAM-DOX, 

64Cu-PAMAM-DOX-F3 accumulated in MDA-

MB-231 tumours more rapidly, efficiently, and 

persistently, according to serial PET imaging. 

Remarkably similar distribution features were 

found in various organs and tissues⁵  ⁶ ². 

 

Miscellaneous nanoconstruct 

The number of authorised treatments that 

combine several treatment modalities or the 

concurrent ingestion of two or more 

pharmacological therapeutic substances has 

steadily increased. Frequently, a drug's strongest 

molecule might not be sufficient to fully solve the 

issue.  

As a result, administering two or more 

therapeutic drugs together in modern times may 

help achieve more intracellular targets and 

eliminate them more effectively⁵ . 

In experimental rabbits, fumagillin was 

given as a single injection of αVβ3 integrin-

targeted paramagnetic NPs in combination with 

oral atorvastatin, resulting in a lasting effect of 

antiangiogenic activity⁶ ³. In a different work, 

protein-based hybrid nanoparticles (NPs) 

encapsulating poly (sodium-4-

styrenesulfonate)/doxorubicin (DOTX)-modified 

gold nanorods were created for dual chemotherapy 

and combination plasmonic-based photothermal 

treatment (PPTT). NIR light regulated the release 

of DOX, whereas diffusion led to the release of 

DTX. Following NIR irradiation, the cytotoxicity 

results in MDA-MB231 cells showed a synergistic 

effect between the two medications⁶ ⁴ .One of the 

reports described the development of a polyvalent 

theranosticnanocarrier consisting of folic acid-

polyamidoamine dendrimers (FAPAMAM) on the 

surface and superparamagnetic iron oxide 

nanoparticles (SPIONs) on the core. Additionally, a 

very potent hydrophobic anticancer medication 

known as 3,4-difluorobenzylidene-curcumin (CDF) 

was coloaded in the FAPAMAM dendrimer in 

order to improve its solubility and assess its 

therapeutic potential. As a result, SPIONs@FA-

PAMAM-CDF, which are targeted NPs, exhibit 

improved anticancer activity against HeLa and 

SKOV3 cancer cells as well as strong MR 

contrast⁶ ⁵ . 

 

 

REFERENCES 
[1]. Kalita, H., &Patowary, M. (2023). 

Biocompatible Polymer Nano-Constructs: 

A Potent Platform for Cancer 

Theranostics. Technology in Cancer 

Research & Treatment, 22, 

15330338231160391. 

[2]. Guo, B., Sheng, Z., Hu, D., Li, A., Xu, S., 

Manghnani, P. N., ... & Liu, B. (2017). 

Molecular engineering of conjugated 

polymers for biocompatible organic 

nanoparticles with highly efficient 

photoacoustic and photothermal 

performance in cancer theranostics. ACS 

nano, 11(10), 10124-10134 

[3]. Ali, I., Alsehli, M., Scotti, L., Tullius 

Scotti, M., Tsai, S. T., Yu, R. S., ... & 

Chen, J. C. (2020). Progress in polymeric 

nano-medicines for theranostic cancer 

treatment. Polymers, 12(3), 598. 

[4]. Jaymand, M. (2019). Chemically modified 

natural polymer-based 

theranosticnanomedicines: are they the 

golden gate toward a de novo clinical 

approach against cancer?. ACS 

Biomaterials Science & Engineering, 6(1), 

134-166. 

[5]. Mishra, S., Bhatt, T., Kumar, H., Jain, R., 

Shilpi, S., & Jain, V. (2023). 

Nanoconstructs for theranostic application 

in cancer: Challenges and strategies to 

enhance the delivery. Frontiers in 

Pharmacology, 14, 1101320. 

[6]. Upponi, J. R., Jerajani, K., Nagesha, D. 

K., Kulkarni, P., Sridhar, S., Ferris, C., 

&Torchilin, V. P. (2018). Polymeric 

micelles: theranostic co-delivery system 

for poorly water-soluble drugs and 

contrast agents. Biomaterials, 170, 26-36. 

[7]. Bae, K. H., Chung, H. J., & Park, T. G. 

(2011). Nanomaterials for cancer therapy 

and imaging. Molecules and cells, 31, 

295-302. 

[8]. Duncan, R.; Vicent, M.J. Polymer 

therapeutics-prospects for 21st century: 

The end of the beginning. Adv. Drug 

Deliv. Revs. 2013, 65, 60–70 

[9]. Peer, D.; Karp, J.M.; Hong, S.; Farokhzad, 

O.C.; Margalit, R.; Langer, R. 

Nanocarriers as an emerging platform for 

cancer therapy. Nat. Nanotechnol. 2007, 2, 

751–760. 

[10]. Avnesh, S.; Thakor, S.; Gambhir, S. 

Nanooncology: The Future of Cancer 



 

 

International Journal of Pharmaceutical Research and Applications 

Volume 9, Issue 4 July-Aug 2024, pp: 527-535 www.ijprajournal.com   ISSN: 2456-4494 

                                      

 

 

 

DOI: 10.35629/4494-0904527535          Impact Factor value 7.429  | ISO 9001: 2008 Certified Journal Page 533 

Diagnosis and Therapy. CA Can. J. Clin. 

2013, 63, 395–418. 

[11]. Rashmi, H.P.; Vandana, B.P.; Medha, D.J. 

Polymeric nanoparticles for targeted 

treatment in oncology: Current insights. 

Intern. J. Nanomed. 2015, 10, 1001–1018.  

[12]. Biswas, S.; Kumari, P.; Lakhani, P.M.; 

Ghosh, B. Recent advances in polymeric 

micelles for anti-cancer drug delivery. 

Eur. J. Pharm. Sci. 2016, 83, 184–202.  

[13]. Thakur, S.; Pramod, K.S.; Malviya, R. 

Utilization of Polymeric Nanoparticle in 

Cancer Treatment: A Review. J. Pharm. 

Care Health Syst. 2017, 4, 1–12. 

[14]. Cagel, M.; Tesan, F.C.; Bernabeu, E.; 

Salgueiro, M.J.; Zubillaga, M.B.; 

Moretton, M.A.; Chiappetta, D.A. 

Polymeric mixed micelles as 

nanomedicines: Achievements and 

Perspectives. Eur. J. Pharm. Biopharm. 

2017, 113, 211–228. [CrossRef] [PubMed] 

[15]. Atul, P.S.; Mrunal, J.; Bhushan, R.D.; 

Darshana, K. Dendrimers: A versatile 

nanocarrier for drug delivery and 

targeting. Intern. J. Pharm. 2018, 548, 

707–720.  

[16]. Abedi-Gaballu, F.; Dehghan, G.; Ghaffari, 

M.; Yekta, R.; Abbaspour-Ravasjani, S.; 

Baradaran, B.; Dolatabadi, J.E.N.; 

Hamblin, M.R. PAMAM dendrimers as 

efficient drug and gene delivery 

nanosystems for cancertherapy. Appl. 

Mater. Today 2018, 12, 177–190. 

[CrossRef]  

[17]. Kesharwani, P.; Choudhury, H.; Meher, 

J.G.; Pandey, M.; Gorain, B. Dendrimer-

entrapped gold nanoparticles as promising 

nanocarriers for anticancer therapeutics 

and imaging. Prog. Mater. Sci. 2019, 103, 

484–508.  

[18]. Wu, S., Zhu, W., Thompson, P., 

&Hannun, Y. A. (2018). Evaluating 

intrinsic and non-intrinsic cancer risk 

factors. Nature communications, 9(1), 

3490. 

[19]. Easton, D. F., Pharoah, P. D., Antoniou, 

A. C., Tischkowitz, M., Tavtigian, S. V., 

Nathanson, K. L., ... & Foulkes, W. D. 

(2015). Gene-panel sequencing and the 

prediction of breast-cancer risk. New 

England Journal of Medicine, 372(23), 

2243-2257. 

[20]. Jain, V., Kumar, H., Anod, H. V., Chand, 

P., Gupta, N. V., Dey, S., &Kesharwani, 

S. S. (2020). A review of nanotechnology-

based approaches for breast cancer and 

triple-negative breast cancer. Journal of 

Controlled Release, 326, 628-647. 

[21]. Mahapatro, A., & Singh, D. K. (2011). 

Biodegradable nanoparticles are excellent 

vehicle for site directed in-vivo delivery of 

drugs and vaccines. Journal of 

nanobiotechnology, 9, 1-11. 

[22]. Cremolini, C., Vitale, E., Rastaldo, R., 

&Giachino, C. (2021). Advanced 

nanotechnology for enhancing immune 

checkpoint blockade 

therapy. Nanomaterials, 11(3), 661 

[23]. Kroemer, G., &Zitvogel, L. (2018). The 

breakthrough of the microbiota. Nature 

Reviews Immunology, 18(2), 87-88 

[24]. Ali, E. S., Sharker, S. M., Islam, M. T., 

Khan, I. N., Shaw, S., Rahman, M. A., ... 

& Mubarak, M. S. (2021, February). 

Targeting cancer cells with 

nanotherapeutics and nanodiagnostics: 

Current status and future perspectives. 

In Seminars in cancer biology (Vol. 69, 

pp. 52-68). Academic Press 

[25]. Sharma, P. A. W. A. N., & Bhargava, M. 

A. N. I. S. H. (2013). Applications and 

characteristics of nanomaterials in 

industrial environment. Res Dev 

(IJCSEIERD), 3(4), 63-72. 

[26]. Cheng, Z., Li, M., Dey, R., & Chen, Y. 

(2021). Nanomaterials for cancer therapy: 

Current progress and perspectives. Journal 

of hematology& oncology, 14(1), 1-27. 

[27]. Fan, Z.; Fu, P.F.; Yu, H.; Ray, P.C. 

Theranosticnanomedicine for cancer 

detection and treatment. J. Food Drug 

Anal. 2014, 22, 3–17. 

[28]. Ulbrich, K.; Hola, K.; Subr, V.; 

Bakandritsos, A.; Tucek, J.; Zboril, R. 

Targeted drug delivery with polymers and 

magnetic nanoparticles: Covalent and 

noncovalent approaches, release control, 

and clinical studies. Chem. Rev. 2016, 

116, 5338–5431. 

[29]. Yong, K.T.; Wang, Y.C.; Roy, I.; Rui, H.; 

Swihart, M.T.; Law, W.C.; Kwak, S.K.; 

Ye, L.; Liu, J.W.; Mahajan, S.D.; et al. 

Preparation of Quantum Dot/Drug 

Nanoparticle Formulations for Traceable 

Targeted Delivery and Therapy. 

Theranostics 2012, 2, 681–694.  

[30]. Webb, J.A.; Bardhan, R. Emerging 

advances in nanomedicine with 

engineered gold nanostructures. Nanoscale 

2014, 6, 2502–2530. 



 

 

International Journal of Pharmaceutical Research and Applications 

Volume 9, Issue 4 July-Aug 2024, pp: 527-535 www.ijprajournal.com   ISSN: 2456-4494 

                                      

 

 

 

DOI: 10.35629/4494-0904527535          Impact Factor value 7.429  | ISO 9001: 2008 Certified Journal Page 534 

[31]. Ahmed, N.; Fessi, H.; Elaissari, A. 

Theranostic applications of nanoparticles 

in cancer. Drug Discov. Today 2012, 17, 

929–934.  

[32]. Luk, B.T.; Zhang, L. Current advances in 

polymer-based nanotheranostics for cancer 

treatment and diagnosis. ACS Appl. Mat. 

Interfaces 2014, 6, 21859–21873. 

[33]. Hsieh, M.F.; Lin, T.Y.; Gau, R.J.; Chang, 

H.T.; Lo, Y.L.; Lai, C.H. Biodegradable 

polymeric nanoparticles bearing stealth 

peg shell and lipophilic polyester core. J. 

Chin. Inst. Chem. Eng. 2005, 36, 609–615.  

[34]. Cuong, N.V.; Jiang, J.L.; Lsi, Y.L.; Chen, 

J.R.; Jwo, S.C.; Hsieh, M.F. Doxorubicin-

loaded PEG-PCL-PEG micelle using 

xenograft model of nude mice: Effect of 

multiple administration of micelle on the 

suppression of human breast cancer. 

Cancers 2011, 3, 61–78 

[35]. Laurent, S., Forge, D., Port, M., Roch, A., 

Robic, C., Vander Elst, L., et al. (2008). 

Magnetic iron oxide nanoparticles: 

Synthesis, stabilization, vectorization, 

physicochemical characterizations and 

biological applications. Chem. Rev. 108, 

2064–2110 

[36]. Tiwari, R. N., and Kim, K. S. (2012). 

Zero-dimensional, one-dimensional, 

twodimensional and three-dimensional 

nanostructured materials for advanced 

electrochemical energy devices. Prog. 

Mater. Sci. 57, 724–803. 

[37]. Duwa, R., Banstola, A., Emami, F., Jeong, 

J. H., Lee, S., and Yook, S. (2020). 

Cetuximab conjugated temozolomide-

loaded poly (lactic-co-glycolic acid) 

nanoparticles for targeted nanomedicine in 

EGFR overexpressing cancer cells. J. 

Drug Deliv. Sci. Technol. 60, 101928. 

[38]. Kuo, Y.-C., and Chen, Y.-C. (2015). 

Targeting delivery of etoposide to inhibit 

the growth of human glioblastoma 

multiforme using lactoferrin-and folic 

acid-grafted poly (lactide-co-glycolide) 

nanoparticles. Int. J. Pharm. 479, 138–149. 

[39]. Cycle, M.-C., Jose, S., Cinu, T. A., 

Sebastian, R., Shoja, M. H., Aleykutty, N. 

A., et al. (2019). Transferrin-conjugated 

docetaxel–PLGA nanoparticles for tumor 

targeting: Influence on MCF-7 cell cycle. 

Polym. (Basel). 11, 1–20. 

[40]. Patel, J., Amrutiya, J., Bhatt, P., Javia, A., 

Jain, M., and Misra, A. (2018a). Targeted 

delivery of monoclonal antibody 

conjugated docetaxel loaded PLGA 

nanoparticles into EGFR overexpressed 

lung tumour cells. J. Microencapsul. 35, 

204–217. 

[41]. Dong, Y., Fu, R., Yang, J., Ma, P., Liang, 

L., Mi, Y., et al. (2019). Folic acid-

modified ginsenoside Rg5-loaded bovine 

serum albumin nanoparticles for targeted 

cancer therapy in vitro and in vivo. Int. J. 

Nanomed. 14, 6971–6988. 

[42]. Edelman, R., Assaraf, Y. G., Levitzky, I., 

Shahar, T., and Livney, Y. D. (2017). 

Hyaluronic acid-serum albumin conjugate-

based nanoparticles for targeted cancer 

therapy. Oncotarget 8, 24337–24353. 

[43]. Li, J., Yang, X., Yang, P., and Gao, F. 

(2017). Hyaluronic acid–conjugated silica 

nanoparticles for breast cancer therapy. 

Inorg. Nano-Metal Chem. 47, 777–782 

[44]. Palanikumar, L., Kim, J., Oh, J. Y., Choi, 

H., Park, M. H., Kim, C., et al. (2018). 

Hyaluronic acid-modified polymeric 

gatekeepers on biodegradable mesoporous 

silica nanoparticles for targeted cancer 

therapy. ACS Biomater. Sci. Eng. 4, 

1716–1722 

[45]. Kundu, B. K., PragtiCarltonRanjith, W. 

A., Shankar, U., Kannan, R. R., Mobin, S. 

M., Bandyopadhyay, A., et al. (2022). 

Cancer-targeted chitosan-biotin-

conjugated mesoporous silica 

nanoparticles as carriers of zinc complexes 

to achieve enhanced chemotherapy in vitro 

and in vivo. ACS Appl. Bio Mater. 5, 

190–204. 

[46]. Cordeiro, R., Carvalho, A., Durães, L., 

and Faneca, H. (2022). 

TriantennaryGalNAcfunctionalized multi-

responsive mesoporous silica 

nanoparticles for drug delivery targeted at 

asialoglycoprotein receptor. Int. J. Mol. 

Sci. 23, 6243. 

[47]. Pillay, N. S., Daniels, A., and Singh, M. 

(2020). Folate-targeted transgenic activity 

of dendrimer functionalized selenium 

nanoparticles in vitro. Int. J. Mol. Sci. 21, 

7177–7217. 

[48]. Palombarini, F., Masciarelli, S., Incocciati, 

A., Liccardo, F., Di Fabio, E., Iazzetti, A., 

et al. (2021). Self-assembling ferritin-

dendrimer nanoparticles for targeted 

delivery of nucleic acids to myeloid 

leukemia cells. J. Nanobiotechnol. 19, 

172. 



 

 

International Journal of Pharmaceutical Research and Applications 

Volume 9, Issue 4 July-Aug 2024, pp: 527-535 www.ijprajournal.com   ISSN: 2456-4494 

                                      

 

 

 

DOI: 10.35629/4494-0904527535          Impact Factor value 7.429  | ISO 9001: 2008 Certified Journal Page 535 

[49]. Akanda, M., Getti, G., Nandi, U., Mithu, 

M. S., and Douroumis, D. (2021). 

Bioconjugated solid lipid nanoparticles 

(SLNs) for targeted prostate cancer 

therapy. Int. J. Pharm. 599, 120416. 

[50]. Jain, P., Pandey, V., and Soni, V. (2022). 

Bioconjugate-loaded solid lipid 

nanoparticles for enhanced anticancer 

drug delivery to brain cancer cells: An in 

vitro evaluation. Indian J. Med. Res. 0, 

139–148. 

[51]. De, K. (2021). Decapeptide modified 

doxorubicin loaded solid lipid 

nanoparticles as targeted drug delivery 

system against prostate cancer. Langmuir 

37, 13194–13207. 

[52]. Bhagwat, G. S., Athawale, R. B., Gude, R. 

P., Md, S., Alhakamy, N. A., Fahmy, U. 

A., et al. (2020). Formulation and 

development of transferrin targeted solid 

lipid nanoparticles for breast cancer 

therapy. Front. Pharmacol. 11, 614290 

[53]. Ryu, J. H., Koo, H., Sun, I. C., Yuk, S. H., 

Choi, K., Kim, K., et al. (2012). 

Tumortargeting multi-functional 

nanoparticles for theragnosis: New 

paradigm for cancer therapy. Adv. Drug 

Deliv. Rev. 64, 1447–1458. 

[54]. Pandey, A., Nikam, A. N., Padya, B. S., 

Kulkarni, S., Fernandes, G., Shreya, A. B., 

et al. (2021). Surface architectured black 

phosphorous nanoconstructs based smart 

and versatile platform for cancer 

theranostics. Coord. Chem. Rev. 435, 

213826. 

[55]. Schacter, J. L., Henson, E. S., and Gibson, 

S. B. (2014). Estrogen regulation of 

antiapoptotic Bcl-2 family member Mcl-1 

expression in breast cancer cells. PLoS 

One 9, e100364. 

[56]. Hu, F., Liu, B., Chu, H., Liu, C., Li, Z., 

Chen, D., et al. (2019). Real-time 

monitoring of pH-responsive drug release 

using a metal-phenolic network-

functionalized 

upconversionnanoconstruct. Nanoscale 11, 

9201–9206. 

[57]. Palange, A. L., Palomba, R., Rizzuti, I. F., 

Ferreira, M., and Decuzzi, P. (2017). 

Deformable discoidal polymeric 

nanoconstructs for the precise delivery of 

therapeutic and imaging agents. Mol. 

Ther. 25, 1514–1521. 

[58]. Caldorera-Moore, M. E., Liechty, W. B., 

and Peppas, N. A. (2011). Responsive 

theranostic systems: Integration of 

diagnostic imaging agents and responsive 

controlled release drug delivery carriers. 

Acc. Chem. Res. 44, 1061–1070. 

[59]. Clement, S., Guller, A., Mahbub, S. B., 

and Goldys, E. M. (2021). Oxygen-

carrying polymer nanoconstructs for 

radiodynamic therapy of deep hypoxic 

malignant tumors. Biomedicines 9, 322. 

[60]. Gajbhiye, K. R., Chaudhari, B. P., 

Pokharkar, V. B., Pawar, A., and 

Gajbhiye, V. (2020). Stimuli-responsive 

biodegradable polyurethane nano-

constructs as a potential triggered drug 

delivery vehicle for cancer therapy. Int. J. 

Pharm. 588, 119781. 

[61]. Alibolandi, M., Hoseini, F., Mohammadi, 

M., Ramezani, P., Einafshar, E., Taghdisi, 

S. M., et al. (2018). Curcumin-entrapped 

MUC-1 aptamer targeted dendrimer-gold 

hybrid nanostructure as a theranostic 

system for colon adenocarcinoma. Int. J. 

Pharm. 549, 67–75. 

[62]. Yang, J., Lu, W., Xiao, J., Zong, Q., Xu, 

H., Yin, Y., et al. (2018). A positron 

emission tomography image-guidable 

unimolecular micelle nanoplatform for 

cancer theranostic applications. Acta 

Biomater. 79, 306–316. 

[63]. Winter, P. M., Caruthers, S. D., Zhang, H., 

Williams, T. A., Wickline, S. A., and 

Lanza, G. M. (2008). Antiangiogenic 

synergism of integrin-targeted fumagillin 

nanoparticles and atorvastatin in 

atherosclerosis. JACC Cardiovasc. 

Imaging 1, 624–634. 

[64]. Villar-Alvarez, E., Cambón, A., Pardo, A., 

Arellano, L., Marcos, A. V., Pelaz, B., et 

al. (2019). Combination of light-driven co-

delivery of chemodrugs and plasmonic-

induced heat for cancer therapeutics using 

hybrid protein nanocapsules. J. 

Nanobiotechnol. 17, 106. 

[65]. Luong, D., Sau, S., Kesharwani, P., and 

Iyer, A. K. (2017). Polyvalent 

folatedendrimer-coated iron oxide 

theranostic nanoparticles for simultaneous 

magnetic resonance imaging and precise 

cancer cell targeting. Biomacromolecules 

18, 1197–1209. 

 


