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Abstract   

In the development of drug delivery technologies, a group of nanotechnology techniques are being used. 

The advancement of the use of nanotechnology in medicine, known as nanomedicine, to create novel 

therapeutic and diagnostic approaches through the use of meticulously engineered materials on this 

long scale. In terms of dimension, form, and materials, the nanoparticles used in drug delivery have 

several styles. Particles and medication stability, in terms of drug loading capacity, the characteristics 

of each particle vary depending on the type of substan, and the classifications of the substances can 

often differ, such as nanospheres, nanocapsules, micelles, dendrimers, nanotubes and fullerenes, 

polymers with nanoparticular drug targeting mechanisms and biosenic targeting mechanisms. 
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Introduction  

A big issue around the globe is seeking new and groundbreaking cancer treatments[1]. The therapeutic 

effectiveness of certain malignant tumors has increased dramatically with the rise The number of 

alternatives to cancer care and the idea of individualized therapy. Chemotherapy is a traditional way of 

treating cancer and is commonly used. Although chemotherapy operates through a variety of different 

mechanisms, its key role involves destroying vigorously developing cells indiscriminately,  

Tumors and normal cells that cause severe side effects, such as bone marrow depletion, hair loss, and 

gastrointestinal reactions, including [2]. The creation of drugs that target tumor cells more accurately. 

The subject of a significant cancer-related proportion studies over few past decades has thus been, 

rather than normal cells. While the introduction of personalized treatment has made huge advances in 

precision therapy, certain inevitable side effects are still present, And there has always been anxiety 

over the rise of opioid resistance. Cancer is death cause of a second leading at present, and for many 

tumors, therapies current are unsuccessful. Therefore, more and more studies are finding accurate 

cancer treatment and drug resistance solutions. Nanotechnology has been widely used in medicine over 

the last few decades, Including applications for detection and care and targeting tumors in a better and 

more effective way. Many advantages in cancer treatment have been demonstrated by nanoparticle 

based system of drug delivery, like pharmacokinetics, tumor cell precise targeting, reduction of health 

risks, and drug resistance [3,4]. NPs used in system of drug delivery are typically engineered depending 

Based on their size and features, depending on the neoplasm's pathophysiology. Mechanically, cancer 

therapy NP-carriers attack cells of tumor per NPs carrier effect and positioning effect after ingestion of 
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targeting content. Next, in order to cause killing, they drugs release into cells of tumor. Common 

chemotherapy agents and nucleic acids contain medications found within the nano-carriers, proposed 

that they may play a major role gene therapy and cytotoxic [5]. In addition, NPs have a forum for such 

poorly soluble medications that can both encapsulate and circulate drugs[6,7]. Nanotransmitters can 

increase the half-life of drugs and induce aggregation in tumor tissues given the size and surface 

characteristics of NPs and their role in improving permeability and retention[8, 9]. However, The 

targeting mechanism defends normal cells from medication cytotoxicity, helping to alleviate the side 

effects of chemotherapy treatment. [10]. Furthermore, paclitaxel-bound nanomaterials albumin 

reported less adverse effects and accepted doses were greater than solvent-based taxanes[11]. In 

addition to gene therapy and chemotherapy, several trials have reported the use of NP medicines in 

chemotherapy and ablation therapy for cancer [12,13]. It is suspected that the nanoparticle-based drug 

delivery method can boost Immunotherapy and reversion of the tumor's immunosuppressive 

microenvironment [14]. An rising number of nanotherapeutic medications have been launched or have 

achieved commercial stages in previous seasons. A randomized trial in the first phase was conducted in 

2010 to administer small interfering RNA (siRNA) to solid cancer patients using a targeted 

nanoparticle-based platform[15]. Efficacy of an effectively targeted chemotherapeutic docetaxel-

containing polymeric nanoparticle for more advantageous tumor therapy has been documented in 

another clinical trial relative to the solvent-based DTXL formulation [16]. NP-based drug delivery 

mechanisms in the arena of, the development of NPs hybrid has seen much more advances. In order to 

increase the function and stability of each system of drug delivery, the properties of multiple NPs are 

integrated into hybrid NPs. [17]. In addition, when anti-tumor multidrug resistance (MDR) is involved,, 

NPs have demonstrated some benefits they offer Pharmacological inhibition of the function of certain 

drug resistance operations, such as flow vectors on cell membranes, is exacerbated by treatment 

platforms[18]. NP- therapy based has already been shown to have promise in many forms of cancers , 

including breast cancer, to resolve MDR[19], Ovarian cancer [20], and cancer of the prostate [21]. 

Medicine nanotechnology has opened up a new level of cancer therapy and more in-depth research is 

needed to synthesize these two areas. This analysis examines the underlying rules of applying the 

methodology of the nano-carrier to the treatment of cancer, addresses the emerging issues and 

discusses future avenues for study. 

 

Nanoparticles of Medical Uses 

according to size, materials and shape nanoparticles for drug delivery provide various architectural 

designs. The features in terms of drug potential loading, and drug fixation particle, drug release speeds, 

and target delivery efficiency, every particle differs..  To study the various NP systems is beyond the 

reach of this discussion. A partial summary, however, displays the variety available. 

 

Dendrimers 

Regularly branched with a multifunctional central core atom, there are three-dimensional treelike 

structures. By polymerization, the branch units can originate from or be synthesized from the central 
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nucleus from the peripheral and terminate at the center molecule. Steric division length limits, and with 

limited molecular size but large molecular weights, dendrimer types are spherical shaped. Drug 

molecules can be bound on  surface dendrimer to functional groups or sheltered in channels of dendritic 

of the sphere 's internal environment[22,23]. A number of carrier molecules, both hydrophobic and 

hydrophilic, can host these nanoparticles and drugs, effective transfer agents are useful. (Fig. 1). 

 
Fig. 1. Dendrimers. [23]. 

 

i. Dendrimers as Carriers of Drug Distribution  

Due to their physicochemical structure, as drug delivery agents, dendrimers have also been studied 

extensively within Internal gap zones and structural classes of the exterior or periphery layer. In 

addition, the controllable shape, scale, Due to the sequential nature of the most typical synthetic 

procedures, inner and final functional groups, permeability, hydrodynamic length, molecular weight, 

molecular geometry, and variation of the internal and external charge can be constructed and 

incorporated into the final dendrimer structure [25-32]. Dendrimers have been used to protect all these 

properties of drugs, hormones, antibodies and other bioactive substances (Fig 2) [32-40]. 

 
Fig  2: Schematic depiction of the use of dendrimers in various medical applications: repair of cells, 

diagnosis and delivery of drugs [40]. 
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ii. Modified Electrodes with Dendrimers  

There is a rising need for effective, cost-competitive, In medicinal chemistry, the food industry and 

various environmental industries, electrochemical sensors are precise and reliable. The most famous 

technique in this regard is the surface modification of conductor electrodes acting as supportive 

substances; in particular, the layer-by-layer (LBL) module method is among the most effective methods 

for the design and expansion of electrochemical sensors who have used chemical or biological protein 

molecules [41–43], viruses [44], DNA [45], nanoparticles [46], and dendrimers [47–79] Specific 

properties [47–50]. Their peculiar supramolecular properties have been used in the special case of 

dendrimers to identify and measure molecules of biological significance in LBL electrochemical 

sensors. Use of fundamental physicochemical characteristics, such as the capacity to encapsulate, 

Molecular protectionism, hydrophobicity/hydrofilicity biocompatibility, regulated dispersion and 

electrons kinetic influence [51-54], dendrimers are actually located as a popular characteristic of 

chemical surface substances for various electrochemical sensor manufacture.[55–58]. 

 

Micelles 

The spherical or globular configurations of micelles are shaped in a liquid environment as hydrophobic 

side component molecules surrounding the main core of the sphere. Then the molecules' hydrophilic 

ends are liquid contact with the atmosphere covering the structure of the micelle and Compose a 

mantle. Micelles are useful for transporting water-insoluble drugs to the hydrophobic cardiac 

heart[23]. 

 

Nanospheres 

These nanostructures are spherical constructions with a matrix composed of network in which the 

compound is dispersed through trapping and binding, the spherical forms of these nanoparticles 

consist of a matrix organization in which the substance is dispersed by trapping, binding[59] (Fig. 3). 

 
Fig.3. Nanospheres. (Reprinted with permission [59] 
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Nano-Capsules 

These particles are vesicular structures with even a center or heart area to which a medication is limited. 

A polymeric membrane covers the heart  of the outer shell to which it is possible to bind surface attached 

targeting ligands or antibodies. Solids , liquids, or gas may be the main material, and the main 

atmosphere may both oily or aqueous [59] (Fig. 4). 

 
Fig. 4. Nanocapsules. (Reprinted with permission [59] 

 

Nanotubes and Fullerenes 

Such particles are a group of carbon molecules in the form of an ellipsoid tube or hollow sphere. Because 

of their resemblance to buckminster Fuller's geodesic dome form, Bucky spheres"bucky spheres." 

Spherical fullerenes are 60 bucky-tubes that are single or multi-walled with a hollow cage like structure. 

Within fullerenes and tubes and antibodies or ligands, atoms may be stuck to the surface for attack. 

[60] (Fig. 5). 

 
Fig. 5. Fullerenes and nanotubes. (Reprinted with permission [60]. 

 

Liposomes 

Liposomes are composed of an aqueous nucleus surrounded by a single nucleus or more phospholipid 

and cholesterol layers that make up a bilayer of lipids. Liposomes can prepare and hold hydrophilic 

factors in the aqueous environment and hydrophilicity substances in the lipid space due to this 

specialized structure. [61]. Liposomes are more biocompatible than other synthetic compounds, since 

their structure is close to that of the cell membrane. Moreover, different surface modifications with 

ligands l and changes charge make it useful for the delivery of specific drugs tasks to coat liposomes 
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with polyethylene glycol(PEG). Liposomes have many extra advantages, like nanomedicines or systems 

for drug delivery. Liposomes protect the loaded medicine from decaying and preventing repeated 

exposure to the condition of the drug, which may delay the rate of drug release [62-64]. The lipid bilayer 

is stabilised by lipid species, such as cholesterol and constrictive saturated lipids, to avoid serum protein 

attacks and to reduce drug degradation. [62,63]. How to monitor their delivery and elimination in vivo, 

however, is the current problem facing the production of liposomes as drug carriers. 

 

Polymers 

It is possible to define polymers as: polymeric materials like proteins,  glycans,peptides,  cellulose and 

starches, such as polylactic acid ( PLA) and polylactic acid (PLGA) synthesized from natural monomers 

such as polyhydroxybutyrates[65]. Types of synthetic polymers, including dendrimers ,  liposomes and 

micelles, are a diversification mode for fabricating a range of nanostructures (Fig. 6). 

 
Fig 6. Nanomaterials that are used as carriers of drugs cancer therapy [65]. 

 

Challenges Posed By the Use of Nanocarriers to Extend Patient Survival 

There are some biological properties of some solid tumors distinct based on those of normal tissues 

[66]. Abnormal properties of tumors, including biological influenced vascular system, irregular 

extracellular matrix and excessive interstitial fluid pressure , can produce limitations that undermine 

the efficacy of nanotherapeutic delivery [66,67].  There are also extravascular obstacles that need to be 

resolved, in which nanoparticles can extravasate but are unable to penetrate tumor ECM[68]. With its 

elevated blood pressure and decreased clearance of the venous and lymphatic, it is well understood 

that, High interstitial fluid pressure is caused by the irregularity of the tumor vasculature, resulting in 

nutrient diffusion and chemotherapy very inefficient in the tumor, thereby posing challenges for the 

successful diffusion of nanocarriers [69]. Due to their biocompatibility, biodegradability, and 

mechanical characteristics, The most commonly used biodegradable nanocarriers are liposomes and 

polymers. However, these nanocarriers can only give a fleeting extension of patient survival due to 

adverse effects and still-unclear association pathways between nanoparticles, the tumor 

microenvironment, and tumor cells. 
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Cancer Treatment NPs 

Usually, There are specific sizes, shapes and surface characteristics of the NPs used in medical care, as 

these three characteristics have a significant effect on optimizing nano-drug distribution and thereby 

controlling clinical performance [70]. NPs with a maximum of 10 to 100 nm in diameter are commonly 

considered ideal for cancer therapy because then they can deliver the drug effectively and generate an 

improved gain of conductivity and retention (EPR). Smaller molecules can effectively remove into 

human cells (below 1-2 nm) from normal vascular system and can easily be filtered (below 10 nm in 

diameter) into the kidneys[71]. It is possible that particles larger than 100 nm are removed from 

circulation by phagocytes [72]. Moreover, their bioavailability and half-life can be influenced by the 

surface characteristics of NPs[73]. NPs are thus usually modified to be hydrophilic, raising the 

circulation drug time span and expanding their tumor penetration and aggregation[74;75]. Collectively, 

in cancer treatment, the different features of NPs decide their therapeutic effect. 

 

Targeting Mechanisms  

Specifically, cancer cell targeting is a crucial function since it improves therapeutic efficacy while 

shielding normal cells from cytotoxic effects, nano-carriers for drug delivery. To investigate the 

targeting nature of NP-based drugs, various experiments have been carried out. It is important to know 

cancer genetics and the relationship with nano-carriers and cancer cells in first order to further resolve 

the problems of cancer detection and nano-carrier device architecture. It is usually possible to separate 

the targeting processes In two classifications: active targeting and passive targeting (Fig 7). 

 
 

FIG 7 | Passive and aggressive labeling of cancer cells against NPs. Targeting NPs increases treatment 

efficiency and reduces systemic toxicity [76]. 

 

Targeting Cells for Cancer 

Transferrin, a category of serum glycoprotein, has a role in carrying iron to cells. In too many solid 

cancerous cells, the transferrin mechanisms are over-expressed and are active in healthy cells at low 

concentrations. Transferrin-conjugated NPs are therefore used to distribute cancer therapy drugs as an 

effective targeting system[76-79]. NPs Transferrin-modified have been shown to demonstrate better 
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efficiency of cellular absorption and improved delivery of intracellular drugs compared to unmodified 

NPs [80,81]. In addition, evidence reveals that transferrin-conjugated polymer NPs play a significant 

role in the growth of drug-resistant therapies[82]. 

 

Mechanisms of Nps in the Overcoming of Drug Resistance 

Drug tolerance is also a significant issue in cancer research, provided that cancer treatment methods 

are rising. Resistance to multidrugs refers to refusing various forms of cancer therapy, Lead to growth 

of tumor and bad prognosis. In tumor drug resistance pathways, faulty apoptosis - inducing machinery, 

interstitial pressure gradient and acid and hypoxic cancer micro - environment are concerned, such as 

cellular and biochemical influences Such as overexpression (e.g. efflux transporter) of ATP binding 

cassette (ABC) transporters[83]. It has been shown that nanotechnology for drug delivery for cancer 

care plays an significant role in resolving drug resistance. 

 

Targeted Nanoparticles Delivery 

Optimally, in general for chemotherapeutic agents to function in treatment for cancer, following 

transmission, they should still be able to reach the desired tumor tissues by breaching barriers in the 

system with minimal loss of volume or flowing blood activity. Second, drugs must be able to precisely 

kill cancerous cells without killing normal cells after entering the tumor tissue through a controlled 

release process of the active type. Both of these two important approaches was linked to enhancements 

in the survival and quality of care for patients by efficiently raising the rate of intracellular opioids and 

growing dose-limiting toxicity. More and more, for successful drug carrier structures, nanoparticles 

seem to have the ability to meet all of these criteria. 

 

Scale and Characteristics of the Surface of Nanoparticles 

Nanoparticles should be able to remain for a considerable period of time in the circulation without 

anyone being removed in order to successfully administer medicine to the intended tumor tissue. Based 

on their size and surface properties, The reticuloendothelial system, such as the liver and spleen, is 

normally stuck in circulation by conventional unmodified surface nanoparticles[84]. By altering their 

size and surface features, it is possible to monitor the fate of injected nanoparticles. Oh. Uh. Uh. Uh. 

Size. One of the nanoparticles' advantages is that they can be tailored to their dimension. In order to 

avoid their accelerated leakage into blood capillaries, the liver and spleen should have been the size of 

the nanoparticles used in a targeted drug delivery., for beginners, are large enough but small enough to 

evade suspicion by fixed tumor cells in the reticuloendothelial. In the spleen and fenestra of the Kuffer 

liver cells, the size of the sinusoid ranges from 150 to 200 nm[85] and the size of the leaky tumor 

vasculature distance between endothelial cells can differ from 100 to 600 nm[86]. Consequently, to 

enter tumor tissues by going through these two specific vascular systems, Nano-particles can be up to 

100 nm in size. Features of surfaces. The surface characteristics of nanoparticles, in addition to their 

size, in relation to their macrophage capture, These are indeed an essential factor in deciding their cycle 

time and destiny throughout circulation. Avoiding detection of macrophages, nanoparticles should 
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preferably have a hydrophilic surface[87]. This can be achieved in two ways: by repelling plasma 

proteins from opsonization, the surface coating of nanoparticles with a hydrophilic polymer such as 

PEG protects them; alternatively [88]. 

 

Nanoparticles Potential to Resolve Resistance of  Drug  

Drug resistance has arisen to reduce the therapeutic potency of chemotherapeutic agents as a 

significant hurdle. Among multiple drug resistance pathways, the best known and most thoroughly 

studied P-glycoprotein is[89]. It has been proposed that nanoparticles would be able to sidestep 

resistance caused by P-glycoprotein. One possible mechanism is that when reaching the cell through 

being enveloped in an endosome, nanoparticles can avoid detection by the P-glycoprotein efflux pump, 

contributing to high concentrations of intracellular drugs (Fig. 8)[90]. Ligand-targeted strategies may 

have particular potential to overcome drug resistance , especially those utilizing receptor-targeting 

ligands, since these ligands are typically internalized through endocytosis mediated by receptors. 

Indeed, doxorubicin[91] and transferrin-conjugated paclitaxel-loaded nanoparticles[92] containing 

folate receptor-targeted, pH-sensitive polymer micelle[92] inhibition was stronger for drug-resistant 

MCF-7 cells and/or xenografts than those for a non-target-free drug forms. 

 
Fig.8 Internalization through nanoparticles to be internalized into the cell by the endosome. [92] 

 

Targeted Drug Delivery Mechanism Transferrin Receptor 

This approach to drug delivery was identified in a prostate cancer system. Compared to traditional 

paclitaxel distribution, Over a extended period of time, encapsulated paclitaxel nanoparticles transmit 

higher doses of paclitaxel into the cancer with surface-conjugated transferrin. The NP inhibits the use 

and related toxicity of Cremophor-EL vehicle-requiring paclitaxel by attacking cells of prostate cancer 

with upregulated receptors[93]. 
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Elecrochemiacl Nanosensor  

In various sectors such as medicine, medicinal, agricultural, water, waste water, food contributing to 

health, protection and human property, electrochemistry has provided a strong and successful 

analytical method for scientific purposes. The most common instruments used commonly for the 

various studies are voltammetry, amperometry, and potentiometry. Electrochemical (bio) sensors 

translate electrochemical data to electrical signals that are detectable. The technologies most widely 

used in electrochemical sensors arecyclic voltammetry (CV), linear sweep voltammetry (LSV),  anodic 

stripping voltammetry (ASV), and differential pulse voltammetry (DPV) . The market for point-of-care 

applications is a significant driving force behind the production of nanoelectrochemical devices. Owing 

to their limited footprint and improved sensitivity capacity, nanoelectrode devices provide an appealing 

choice in this area.  A number of medically important analytes, ranging from simple molecules such as 

histamine and dopamine to larger ones, were used to classify them,  As a consequence of the versatility 

and range of nanoelectrode devices, more complicated objects such as bacteria or pharmaceutical 

drugs,  because of the selectivity of enzymes as biorecognition components, enzyme dependent 

biosensors have received much interest. Combined with recent advances in nanoelectrochemistry, this 

selectivity has resulted in the advent of highly precise and sensitive biosensors. Composed of a single 

nanowire electrodes developed using a hybrid e-beam/optical lithography approach are often used to 

detect glucose at a depth of 10 μM using a mediated detection technique[94]. A typical technique for 

enhancing sensor efficiency with carbon nanotubes, nanorods, and gold nanoparticles is to decorate 

macro or microelectrodes with nanoparticles, Both of which find uses for the sensing of glucose. The 

presence of such nanoparticles increases the roughness of the surface area and larger electrodes, while 

electrocatalytic properties for electroactive compounds can also be beneficial. [95]. 

 

Conclusions  

By manipulating a community of diseases, drug delivery is extremely delusional, and drug delivery 

methods have been established in current studies by connecting them with nanomaterials through the 

use of nanotechnology technology in the treatment of cancer and manipulating it, as is the case, by 

direct guidance to cancer cells without side effects. With chemotherapy in the sense of its side effects 

on carcinoma disease, as well as modern techniques to connect these techniques with biosensors to test 

their effects on the one hand and to monitor them to provide the highest selectivity and the best 

sensitivity to achieve separate results. 
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