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Due to a number of benefits, targeted medicine delivery has recently attracted increased 

interest. among the numerous avenues investigated for precise medication delivery. 

Particulate dispersions or solid particles with a size between 10 and 1000 nm are known 

as nanoparticles. A nanoparticle matrix is used to either dissolve, trap, encapsulate, or 

attach the medication. Depending on the preparation technique, one can produce 

nanoparticles, nanospheres, or nanocapsules. Controlling particle size, surface 

characteristics, and the release of pharmacologically active substances are the main 

objectives when designing nanoparticles as a delivery system in order to achieve the 

drug's site-specific activity at the therapeutically ideal pace and dosing regimen. The 

strategies for creating, characterizing, and using various nanoparticulate drug delivery 

systems are revealed in the current review. 
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INTRODUCTION 

The term "nanoparticle" refers to solid particles or 

particulate dispersions with sizes between 10 and 

1000 nm. The medication was dissolved, trapped, 

enclosed, or joined to a nanoparticle matrix. [1,2]. 

More and more novel molecules are useful in the 

treatment of diseases. Numerous powerful 

medications have also been developed by 

biotechnology, although many of these drugs have 

delivery issues in biological systems [3,4]. Due to 

their incompatibilities and unique chemical 

makeup, their therapeutic efficiency is severely 

diminished [5,6]. The benefit of modern 

nanotechnology is that it makes it possible to 

distribute medicine at specified locations and 

times. The pharmaceutical business will be heavily 

impacted by the market for nanotechnology and 

medication delivery systems built on this 

technology. The number of goods and patents in 

this industry have dramatically increased in recent 

years [7,8]. The simplest application involves 

treating cancer, and there are various products on 

the market for this purpose, including Caelyx®, 

Doxil®, Trans drug®, and Abraxane®. The 

delivery of medicinal compounds to the desired 

place is a significant challenge in the management 

of many diseases. Traditional drug use is 

characterized by ineffectiveness, unfavorable side 

https://www.ijpsjournal.com/
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effects, poor biodistribution, and lack of selectivity 

[9,10]. These restrictions may be overcoming by 

methods like regulating medication distribution 

that deliver the drug to the site of action (Figure 1). 

Additionally, the medication delivery method 

offers defense against quick degradation or 

clearance. Additionally, it improves the medicine's 

absorption into the target tissues, requiring lower 

therapeutic doses. When there is a mismatch 

between a drug's dose or concentration and its 

therapeutic effects or harmful consequences, this 

sort of therapy is necessary. 

 
Figure 1: Different types of drug delivery system 

A more dependable method of medication delivery 

involves using specially developed carriers that are 

connected to drugs to target cells or particular 

tissues. This strategy is referred to as cell- or 

tissue-specific targeting. A more successful and 

essential method that serves as the foundation for 

nanotechnology is size reduction of targeted 

formulations and creating their pathways for 

appropriate drug delivery systems [11,12]. Recent 

developments in nanotechnology have 

demonstrated that nanoparticles have enormous 

potential as drug delivery systems. Different types 

of nanostructures with distinctive 

physicochemical and biological characteristics are 

produced using size reduction techniques and 

technologies [13,14].   

Objectives 

In order to accomplish the drug's site-specific 

effect at the therapeutically ideal rate and dose 

regimen, the main objectives of designing 

nanoparticles as a delivery system are to manage 

particle size, surface characteristics, and release of 

pharmacologically active substances. The goal of 

the medications is to have a precise action with 

minimal side effects and a better therapeutic index 

at a chosen site while avoiding undesired 

interactions at other sites. An example would be 

chemotherapy and enzyme replacement therapy 

for cancer [15].  

Ideal Characteristics 

• A targeted medication delivery system should 

not be immunogenic or biochemically 

harmful. In vivo and in vitro, it is both 

physically and chemically stable. 

• Drug distribution should be limited to the 

intended cells, tissues, or organs and follow a 

uniform capillary distribution.  

• medication release that is predictable and 

under control. 

• Drug action is unaffected by drug release.  

• therapeutic dose of medication released.  

• very little drug leaking while in transit.  

• The utilised carriers must be easily removed 

from the body or biodegradable so there is no 

carrier-induced modification of the sick 

condition. The delivery method should be 

easy to prepare or at least somewhat simple 

reproductively and economically [15].  

Many kinds of Nanoparticles  
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Although the kinds of nanoparticles listed below 

are all quite extensive and multifaceted, some of 

their fundamental characteristics and presently 

recognized applications in nanomedicine are 

presented here (Figure 2) [16,17]. 

 

Figure 2: Different types of nanoparticles 

A. Solid lipid nanoparticles (SLNs)  

B. Liposomes  

C. Nanostructured lipid carriers (NLC) 

D. Fullerenes  

E. Nanoshells 

F. Quantum dots (QD) 

G. Super paramagnetic nanoparticles 

A. Solid Lipid Nanoparticles (SLNs) 

For colloid drug delivery applications, SLNs 

primarily consist of lipids that are in the solid 

phase at room temperature and emulsifying 

surfactants, whose mean diameters range from 50 

nm to 1000 nm. SLNs are appealing due to their 

potential for improvement and offer special 

qualities such compact size, vast surface area, high 

drug loading, and the interaction of phases at the 

interfaces. Spray drying, high shear mixing, 

ultrasonication, and high-pressure 

homogenization (HPH) are common techniques 

for creating SLNs. Fatty acids (such as palmitic, 

decanoic, and behenic acids), triglycerides (such 

as trilaurin, trimyristin, and tripalmitin), steroids 

(such as cholesterol), partial glycerides (such as 

glyceryl monostearate and glyceryl behenate), and 

waxes (such as cetyl palmitate) are solid lipids 

used in SLN formulations. Soybean lecithin, 

phosphatidylcholine, poloxamer 188, sodium 

cholate, and sodium glycocholate are a few 

examples of the surfactants that are frequently 

used as emulsifiers to stabilize lipid dispersion. 

The use of physiological lipids in the synthesis of 

these solid lipid nanoparticles (SLN) has several 

benefits, including the avoidance of chemical 

solvents and a broad range of possible applications 

(intravenous, dermal and oral). 

B. Liposomes 

The ejection of phospholipids results in the 

formation of liposomes, which are vesicular 

structures having an aqueous core encircled by a 

hydrophobic lipid bilayer. Because phospholipids 

are GRAS (generally acknowledged as safe) 

substances, the possibility of negative 

consequences is reduced. The hydrophobic bilayer 

prevents solutes, such as medicines, from passing 

through it; yet, hydrophobic molecules can be 

absorbed into the bilayer, allowing the liposome to 

transport both hydrophilic and hydrophobic 

molecules. Liposomes are valuable for medication 

delivery and cosmetic distribution applications 

because the lipid bilayer of these particles can fuse 

with other bilayers, such as the cell membrane, to 

facilitate the release of their contents. 
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Nanoliposomes are another name for liposomes 

with vesicles that are in the nanometer range. 

Liposomes can range in size from 15 nm to several 

lm and comprise either a single layer of 

phospholipid bilayer membranes (unilamellar 

structure) or numerous layers of these membranes 

(multilamellar structure). Depending on their size 

range, unilamellar vesicles (ULVs) can be further 

divided into small unilamellar vesicles (SUVs) and 

large unilamellar vesicles (LUVs). 

C. Nanostructured Lipid Carriers (NLC) 

Nanostructured Lipid Carriers are made from a 

mixture of solid and liquid lipids, however at body 

temperature, the particles are solid. Lipids are 

adaptable molecules that can build variously 

structured solid matrices, such as the lipid drug 

conjugate nanoparticles (LDC) and nanostructured 

lipid carriers (NLC), which have been developed 

to increase drug loading capacity. The solidified 

emulsion (dispersed phase) technologies are the 

foundation of NLC production. Due to drug 

ejection upon polymorphic change during storage, 

NLC may have an inadequate loading capacity, 

especially if the lipid matrix contains identical 

molecules. Drugs are released from lipid particles 

in the body by diffusion and concurrent lipid 

particle breakdown. In some circumstances, 

having a controlled quick release that goes beyond 

diffusion and degradation may be preferable. 

When the particles are delivered, an impulse 

should ideally cause this release to occur. Because 

of their highly disordered lipid structures, NLCs 

can accommodate the medication. By applying the 

trigger impulse to the matrix to transform it into a 

more ordered structure, a desired burst drug 

release can be started. This can cause the NLCs of 

specific structures to activate. NLCs can typically 

be used in situations where solid nanoparticles are 

more advantageous for medication delivery. 

D. Fullerenes 

Any molecule that is made completely of carbon 

and has the shape of a hollow sphere, ellipsoid, or 

tube is referred to as a fullerene. Buck balls are 

another name for spherical fullerenes, whereas 

carbon nanotubes or buck tubes are another name 

for cylindrical fullerenes. Fullerenes have a 

structure that is similar to that of graphite, which 

is made up of stacked hexagonal ring sheets joined 

by pentagonal rings. They may also contain 

pentagonal (or occasionally heptagonal) rings, 

which could result in molecules that are porous. 

Endohedral fullerenes, which include the most 

prevalent fullerene, buckminsterfullerene, C60, 

are buckyball clusters or buck balls made up of 

fewer than 300 carbon atoms. 

E. Nano shells 

Nanoshells, also known as core-shells, are tiny 

layers of another material that surround the 

spherical cores of specific compounds (concentric 

particles) and range in thickness from a few 1 to 

20 nm. Compared to single component equivalents 

or nanoparticles of the same size, nanoshell 

particles are highly functional materials that 

exhibit changed and improved characteristics. You 

can alter their qualities by altering the constituent 

materials or the core-to-shell ratio. 

Semiconductors (dielectric materials like silica 

and polystyrene), metals, and insulators can all be 

used to create nanoshell materials. Due of their 

excellent stability, dielectric materials like silica 

and polystyrene are frequently employed as cores. 

Metal nanoshells are a brand-new class of 

composite spherical nanoparticles made of a thin 

metallic shell, usually made of gold, covering a 

dielectric core. Nanoshells have extremely 

advantageous optical and chemical properties for 

therapeutic and biomedical imaging uses. Other 

benefits that nanoshells have over typical organic 

dyes include enhanced optical qualities and a 

decreased propensity for chemical/thermal 

denaturation. Additionally, nanoshells can be 

easily changed using the same conjugation 

procedures that were utilized to link proteins to 

gold colloid. Nanoshells absorb heat and transfer 
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it to the surrounding environment when a 

nanoshell and polymer matrix are lit with a 

resonant wavelength. This results in the network 

falling apart and the medication being released. In 

drug delivery systems based on core shell 

particles, the drug may either be encapsulated or 

adsorbed onto the shell surface. A specific 

functional group or an electrostatic stabilization 

technique is used by the shell to interact with the 

medication. It controls the medicine when it comes 

into contact with the biological system. With 

particular antibodies for tumors or damaged 

tissues, nanoshells can be marked for imaging 

purposes. 

F. Quantum Dots (QD) 

The interface between various semiconductor 

materials can be found in the core shell 

nanocrystals of quantum dots, which are 

semiconductor nanocrystals. The diameter of 

quantum dots, which may be continually 

controlled between 2 and 10 nm, typically rises to 

5 to 20 nm following polymer encapsulation. 

Renal filtration expeditiously removes particles 

smaller than 5 nm. For multiplexed, quantitative, 

and long-term fluorescence imaging and detection, 

semiconductor nanocrystals, which have special 

and intriguing optical features, have become a 

crucial tool in biomedical research. Small 

molecule hydrophobic drugs and imaging contrast 

agents can be encapsulated between the inorganic 

core and the amphiphilic polymer coating layer, 

with the QD core acting as the structural scaffold. 

Targeting biomolecules like antibodies, peptides, 

and aptamers can be immobilized onto the 

hydrophilic side of the amphiphilic polymer via 

covalent or non-covalent bonds, as can hydrophilic 

therapeutic agents like small interfering RNA 

(siRNA) and antisense oligodeoxynucleotide 

(ODN). This fully integrated nanostructure may 

behave like magic wands that not only recognize 

damaged cells but also bind to them and treat it. 

Detectable signals will also be emitted by it, 

allowing for real-time tracking of its course. 

G. Superparamagnetic Nanoparticles 

The molecules known as super paramagnetic 

molecules are those that are drawn to a magnetic 

field but do not retain any magnetic properties 

once the field has been removed. For precise 

magnetic bio separations, iron oxide nanoparticles 

in the 5-100 nm range have been employed. For 

separation from the surrounding matrix, typical 

approaches involve coating the particles with 

antibodies to cell-specific antigens. Due to their 

paramagnetic characteristics, superparamagnetic 

nanoparticles have the ability to be seen in 

magnetic resonance imaging (MRI), guided to a 

specific place using a magnetic field, and heated to 

cause the release of a medication. Super 

paramagnetic nanoparticles fall within the 

category of inorganic-based particles with an iron 

oxide core that is covered in either inorganic 

substances (silica, gold), or organic substances 

(phospholipids, fatty acids, polysaccharides, 

peptides, or other surfactants and polymers). 

Superparamagnetic nanoparticles differ from 

ordinary nanoparticles in that they can be heated 

or guided to a specific place in the presence of an 

externally generated AC magnetic field due to 

their inducible magnetization. These qualities 

make them appealing for a variety of applications, 

including magnetically assisted cell transfection, 

drug delivery systems, magnetic hyperthermia 

(local heat source in the case of tumor therapy), 

and various separation techniques and contrast 

enhancing agents for MRI. Beads are already 

commercially available micron-sized polymer 

particles that contain SPIONs. 

Application of Nanoparticle Technology 
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Figure 3: Applications of nanoparticle technology 

Cancer Therapy  

The sort of therapy used to treat cancer patients 

today has saved the lives of many people, but the 

side effects of the treatment are severe and affect 

the entire body because the chemotherapeutic 

agents are non-specific. A biological process as 

complex as cancer might be thought of as an illness 

of many diseases. The rapid and uncontrolled 

division and multiplication of malignant cells is 

one of their distinguishing characteristics [18]. 

The fundamental goal of modern chemotherapy is 

to eliminate all cells that divide quickly. The 

drawback of this treatment is that it also kills off 

the body's other quickly multiplying cells, 

including those in the intestinal epithelium and 

hair follicles, leaving the patient to deal with 

potentially fatal side effects [19]. The creation of 

nanoparticles has opened up new possibilities for 

chemotherapy. Targeted medication delivery to 

the tumor site or to a specific subset of cells using 

cleverly constructed nanoparticles typically 

prevents adverse effects on surrounding healthy 

tissues and organs [20,21]. A number of systems 

have been tried out to deliver this kind of therapy. 

Another technique for the delivery of 

chemotherapeutic drugs is via micelles and 

liposomes. Additionally, because of its 

hydrophobic core and hydrophilic shell, micelles 

are a fantastic technique to make insoluble 

medications soluble. Further PEGylation of the 

micelle surface improves the ability of the 

nanocarriers to passively transport through the 

fenestrated vasculature of tumors and inflamed 

tissue, leading to increased drug concentration in 

tumors. The anticancer medications NK012, 

NK105, NK911, NC-6004, and SP1049C are 

among the polymeric micelles currently 

undergoing clinical trials [22]. One of these 

systems, Genexol-PM (paclitaxel), has been 

approved for the treatment of breast cancer 

patients. According to studies, dendrimers are 

highly branched macromolecules with numerous 

functional groups available for the attachment of 

drugs, targeting agents, and imaging agents. Their 

absorption, distribution, metabolism, and 

elimination (ADME) profiles are influenced by 

different structural features [23,24]. Methotrexate 

administration and effective localisation using 

folic acid, fluorescein, and a polyfunctional 

dendrimer method have all been documented [25]. 

By using biocompatible components and surface 

derivatization using PEGylation, acetylation, 

glycosylation, and different amino acids, 

nanoparticle treatments based on dendrimers can 
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enhance the therapeutic index of cytotoxic 

medications [26,27]. Although there are various 

types of nanoparticles that have demonstrated 

potential in the treatment of cancer, carbon 

nanotubes are one of the newest systems. Single-

walled carbon nanotubes (SWCNTs) and 

multiwalled carbon nanotubes (MWCNTs) are 

two types of carbon nanotubes (CNTs), an 

allotropic form of carbon with a cylindrical 

framework and deepening on number of sheets in 

concentric cylinders [28,29]. Since the hollow core 

of carbon nanotubes is extremely hydrophobic, it 

is simple to load them with medications that are 

insoluble in water. Due to the wide surface area, it 

is possible to tailor the outer surface for a specific 

cancer receptor as well as contrast chemicals [30]. 

The spherical molecule Buckminsterfullerene C60 

and its derivatives are lastly investigated for the 

treatment of cancer [31,32]. In addition to being a 

great scavenger of reactive oxygen species (ROS), 

fullerene C60 may bind up to six electrons.   

According to a study, fullerene nanocrystals 

(Nano-C60) can increase the cytotoxicity of 

chemotherapy drugs. As a result, adjunct 

chemotherapy using Nano-C60 can be further 

investigated [33,34]. In a subsequent investigation, 

Fullerene C60 and Doxorubicin were combined, 

and found that the tumor volumes of the treated 

rats (C60 + Dox) were 1.4 times lower than those 

of the untreated rats in the control group [33]. 

Additionally, it is believed that the C60 + Dox 

complex exerts its antitumor effects both directly 

on tumor cells and indirectly through 

immunomodulation. Diagnostic tests, clause 5.2 

Although it is not now feasible for clinical usage, 

the use of nanoparticles for diagnostic purposes 

has received significant academic attention [35]. 

Fluorescent nanoparticles offer researchers a 

solution to address these drawbacks since current 

diagnostic testing technology is hampered by the 

shortcomings of fluorescent markers, including 

fading of fluorescence after single use, color 

matching, and restricted use of dyes due to a 

bleeding effect [36]. The discovery of quantum 

dots, which can be produced on demand in a wide 

variety of clearly distinct hues, was a significant 

advance. Their high quantum yield, tunable 

emission spectrum, and photostability are all 

features of their wide absorption spectrum, which 

extends from ultraviolet to a visible spectrum 

wavelength. Where a particular particle lands in 

the spectrum depends on the size of the nanodot. 

Longer wavelengths and narrower emission are 

characteristic of larger particles [37-39]. Quantum 

dot tagging has a number of benefits. They are 

initially easily excited by white light. Second, they 

can be connected to biomolecules that can stay 

inside a biological organism for a considerable 

amount of time to investigate different 

biomechanics. By labeling diverse biological 

components with nanodots of a particular hue, this 

technology also enables the simultaneous 

monitoring of numerous biological events [40]. 

Theranostic nanoparticles, which can be utilized 

for both diagnosis and treatment, have attracted a 

lot of attention recently [41].   Many kinds of 

nanoparticles, including drug conjugates, 

dendrimers, surfactant aggregates (micelles and 

vesicles), core-shell particles, and carbon 

nanotubes, have successfully used this method. It 

is possible to track the pathway and localization of 

these nanoparticles at the target site as well as drug 

action to evaluate therapeutic response by 

combining both the drug and imaging agent in one 

clever formulation [42]. 

Nanoparticles for Lymph Targeting  

Lymph targeting is primarily used to deliver an 

efficient anticancer treatment and stop the 

metastasis of tumor cells by building up the drug 

in the local lymph node through subcutaneous 

delivery. Lymph node targeting also aims to 

improve the oral bioavailability of 

macromolecular drugs like polypeptides and 

proteins, which are absorbed via Peyer's patches in 
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the intestine, as well as the localization of 

diagnostic agents to the regional lymph node for 

the visualization of lymphatic vessels prior to 

surgery [43]. Numerous researches have been 

conducted so far for the lymphatic targeting 

employing medication carriers in nanoparticles 

[44]: 

1. Anticancer drug-loaded 

polyalkylcyanoacrylate nanoparticles for 

peritoneal cavity tumors. 

2. Insulin-loaded polyisobutylcyanoacrylate 

nanoparticles for peyer's patch-based peroral 

peptide administration.  

3. Poly (lactide-co-glycolide) nanoparticles for 

the lymphatic transport of diagnostic 

chemicals. 

4. Magnetic resonance imaging using magnetite-

dextran nanoparticles as a contrast agent.   

5. Marker-bearing Polyalkylcyanoacrylate 

Nanocapsules for lymphatic distribution 

(ASA) [45]. 

HIV and AIDS Treatment  

Human immunodeficiency virus (HIV) infection 

can cause acquired immune deficiency syndrome 

(AIDS), a fatal illness when a person's immune 

system is nearly wiped out [46]. First therapy was 

painstakingly complex, requiring the majority of 

patients to take 30–40 tablets every day. 

Therapeutic advances over the past ten years have 

allowed for a daily pill count of just a handful [47]. 

The development of polymeric nanoparticles that 

carry antiretroviral (ARV) medications 

intracellularly as well as to the brain has been 

proven to increase the efficacy of this treatment 

[48]. In order to prevent HIV infections, this 

technology can also be utilized in conjunction with 

immunizations [49]. Depending on the stages of 

the HIV life cycle that they respond best to, 

antiretroviral medications used to treat HIV can be 

divided into different categories. Highly effective 

antiretroviral therapy (HAART), a combination of 

several medications (three or more), is used to 

avoid the emergence of resistance and to actively 

halt the progression of HIV [50]. Antiretroviral 

medicine delivery and compliance have greatly 

benefited from the use of nanotechnology. When 

administered orally or through other non-parental 

means (suppository and patches, etc.), 

antiretroviral medications must be able to pass the 

mucosal epithelial barrier. HIV mostly infects and 

thrives in lymphoid tissues. According to several 

studies [51,52]. Antiretroviral drug-loaded 

nanoparticles can successfully target monocytes 

and macrophages in vitro. Some study provided an 

excellent illustration of the superiority and 

effectiveness of nanoparticle systems for sustained 

and targeted medication administration. The 

researchers created nanoparticles encasing the 

antiretroviral medications ritonavir, lopinavir, and 

efavirenz using poly (lactic-co-glycolic acid) 

(PLGA). While free medicines were removed 

within 48 hours (2 days), the nanoparticle method 

produced sustained drug release for more than 4 

weeks (28 days). According to study, the central 

nervous system (CNS) is another location where 

HIV can infect and thrive, leading to the 

devastating HIV-associated neurocognitive 

disorder (HAND). Many studies have successfully 

delivered anti-HIV drugs using nanoparticles that 

can breach the blood-brain barrier (BBB) by 

endocytosis or phagocytosis [53-55].    

Nutraceutical Delivery  

Nutraceuticals are standardized, food-derived 

ingredients with observable health advantages. 

They are frequently ingested in addition to 

different allopathic treatments in order to offer 

additional health advantages and lower the chance 

of developing a number of chronic illnesses [56]. 

Similar to the situation with any other medicine, 

food matrix interactions, water solubility, 

degradation/metabolism, and epithelial 

permeability all have an impact on the 

bioavailability and consequently effectiveness of 

orally taken nutraceuticals. The majority of 
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nutraceuticals, including polyunsaturated lipids, 

various phytochemicals, and fat-soluble vitamins 

(A, D, E, and K), are lipophilic molecules. Again, 

nanotechnology provides all-encompassing 

support, and the majority of studies have focused 

on enhancing the solubility processes of 

nutraceuticals through formulations with 

nanoparticles [57,58]. Numerous nutraceuticals 

have anti-inflammatory, antioxidant, 

antiapoptotic, and antiangiogenic properties; 

curcumin (diferuloylmethane) is the most well-

known and extensively researched of them. 

Numerous strategies have been used to solve this 

problem, including liposomes, phospholipid 

vesicles, and polymer-based nano-formulation 

[59,60]. It is nearly water-insoluble and has very 

poor bioavailability. In comparison to curcumin 

co-administered with piperine (an absorption 

enhancer), curcumin's oral bioavailability was 

found to be 9 times higher [61]. When compared 

to curcumin powder, another study utilizing 

colloidal nanoparticles of curcumin called 

Theracurmin shown inhibitory effects against 

alcohol intoxication and an area under the curve 

(AUC) that was 40 times higher in rats and 27 

times higher in healthy human volunteers [62]. 

Several plants naturally contain resveratrol, a 

significant non-flavonoid polyphenol, however it 

is most prevalent in Vitis vinifera, labrusca, and 

muscadine grapes [63]. According to study, it 

exhibits antioxidant, cardioprotective, anti-

inflammatory, and anticancer properties [64]. 

Although resveratrol has a low solubility and a fair 

amount of bioavailability, it is quickly 

metabolized and excreted from the body [65,66]. 

The more prevalent and biologically active of the 

two geometric isomers of resveratrol, trans-

resveratrol, is photosensitive and transforms into 

cis-resveratrol in the presence of light [67]. There 

have been numerous reports of resveratrol 

nanoformulations that increase the 

pharmacokinetic profile and bioavailability [68]. 

Zein-based nanoparticles, nanoemulsions, 

liposomes, cyclodextrins, and dual 

nanoencapsulation methods [69-71]. Recently, the 

blood-brain barrier was used to test the 

neuroprotective benefits of resveratrol using solid 

lipid nanoparticles coated with apolipoprotein E 

for LDL receptor recognition [72].  

Nanoparticles for Brain Delivery  

One of the obstacles for medications like 

antibiotics, antineoplastics, and certain 

neuroleptics is the blood-brain barrier. Drug 

delivery to the brain using nanoparticles has been 

suggested as one way to get over this obstacle. The 

hexapeptide dalargin, the dipeptide kyotropin, 

loperamide, tubocurarine, and doxorubicin are 

among the medications that have been effectively 

employed for brain targeting with nanoparticles. 

There are several possibilities for improved drug 

delivery to the brain utilizing nanoparticles: 

1. A greater concentration gradient at the blood–

brain barrier, which might improve transport 

through the endothelial cell layer and, as a 

result, boost retention in the brain. 

2. Lipids in the endothelial cell membrane are 

dissolved by the surfactant activity of 

nanoparticles, resulting in fluidization of the 

membrane and improved drug permeability to 

BBB. 

3. The permeability of drugs or drug-

nanoparticle conjugates through these 

channels is increased due to the loosening of 

tight junctions between endothelial cells. 

4. After the endothelial cells endocytoze 

nanoparticles, the medication is released 

intracellularly.  

5. Drug-bound nanoparticle transcytosis via the 

endothelial cell layer [73]. 

Nanoparticles have been recommended for brain 

administration by Kreuter and colleagues in a 

number of studies described employing poly (butyl 

cyanoacrylate) nanoparticles coated with 

polysorbate 80 to transport the hexapeptide 
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dalargin across the blood-brain barrier [74]. When 

compared to all other controls, including a 

straightforward mixture of the three components 

(drugs, nanoparticles, and surfactant) mixed right 

before intravenous injection, the intravenous 

injection of polysorbate 80 coated nanoparticles 

with sorbed drug produced a significant analgesic 

effect in mice. According to fluorescent and 

electron microscopy examinations, the endothelial 

cells in the blood vessels of the brain phagocytosed 

the d polysorbate 80-coated nanoparticles, which 

allowed the drug to flow through the particle-

bound drug. Using nanoparticle technology, 

several neuropeptides are also transported across 

the blood-brain barrier. Neuropeptides such leu-

enkephalin dalargin and met-enkephalin 

kyotorphin typically do not cross the Blood-Brain 

Barrier (BBB) when administered systemically. 

These neuropeptides were adsorbed onto poly 

(butyl cyanoacrylate) nanoparticles and coated 

with polysorbate 80 to allow them to pass across 

the BBB [73]. 

Nanoparticles for Ocular Delivery  

The majority of uses for ocular drug delivery 

systems are in the treatment of glaucoma, 

particularly with cholinergic agonists like 

pilocarpine. Utilizing nanoparticles with 

biodegradable qualities, the short elimination half-

life of aqueous eye drops (likely caused by 

lachrymal drainage) can be increased from a very 

brief time (1-3 min) to a longer duration (15 min). 

These include polyester nanoparticles, 

polyalkylcyanoacrylate nanoparticles and 

albumin. Additionally, it has been shown that 

nanoparticles stick to inflamed tissue more firmly 

than they do to healthy tissue; as a result, these 

particles could be utilized to direct anti-

inflammatory medications onto inflamed eyes. 

The polyalkylcyanoacrylate nanoparticles, in 

particular PHCA nanoparticles, are touted for a 

number of benefits, such as their biodegradability, 

tissue adherence, and increased elimination half-

life of their drainage paired with a delayed 

clearance. Polyalkylcyanoacrylate nanoparticles 

that were pilocarpine and betaxolol loaded were 

shown to be able to extend and maintain the 

decreased intraocular pressure in rabbits for more 

than 9 hours. Pilocarpine-loaded 

polybutylcyanoacrylate nanoparticles were 

employed for ocular administration by Zimmer in 

1994. In terms of reducing intraocular pressure 

(IOP) and enhancing mitosis, pilocarpine's 

pharmacokinetics and pharmacodynamic response 

were improved. The traditional method of coating 

pilocarpine-loaded nanoparticles with bioadhesive 

or viscous polymers has the potential to boost their 

effectiveness. The bio adhesive qualities of the 

polymers methylcellulose, polyvinyl alcohol, 

hydroxyl propylmethylcellulose, and carbopol 941 

led to their selection [75].  

Antibody Targeting of Nanoparticles  

Numerous studies have shown the use of 

nanoparticles mediated by antibodies to create 

tailored drug delivery systems, particularly in the 

context of cancer treatment. The therapeutic 

effectiveness of a medicinal substance can be 

enhanced by targeting antibodies, which can also 

enhance drug distribution and concentration at the 

intended site of action. In order ma cells, 

McCarron et al. examined two innovative 

techniques. To target nanoparticles, they 

employed CD95/APO-1 antibody and poly 

(lactide) polyto produce immunonanoparticles 

with increased therapeutic impact against 

colorectal carcinomers. Dendrimer-magnetic 

nanoparticles were employed by Pan et al. to 

deliver gene-targeted cancer therapies effectively. 

The utilization of nanostructured calcium 

nanophosphates for non-viral gene delivery has 

been documented by Olton et al. They have also 

investigated how synthesis factors affect 

transfection effectiveness [76]. 

Nanoparticles for DNA Delivery 
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Recently, nanoparticles have been utilized to 

demonstrate their stability in the bio-environment 

and as a delivery vehicle for the transfection of 

plasmid DNA. In 1998, Truong-Le and colleagues 

created a unique gene delivery technology based 

on the utilization of DNA-gelatin nanoparticles 

(Nano spheres) produced by the complicated 

concertation of gelatin and plasmid A caused by 

salt. Compared to naked DNA, nanosphere-DNA 

that had been treated in bovine serum was more 

resistant to nuclease digestion. The interaction of 

different bioactive agents with the components of 

the matrix, physical entrapment, or covalent 

conjugation might all result in the bioactive agents 

being enclosed in the nanospheres. Chloroquine 

and calcium-containing DNA gelatin 

nanoparticles were further developed by Troung-

Le and colleagues in 1999. As a means of 

delivering genes, the targeting ligand, transferring, 

was covalently attached to the gelatin. The 

presence of calcium and Nano spheres containing 

transferring DNA were necessary for optimal cell 

transfection by this method. Using either chitosan-

DNA complexes or chitosan-DNA nanospheres, 

James and colleagues developed chitosan-DNA 

hybrid colloidal systems in 2001 and found 

comparatively improved gene expression [77]. 

Nanoparticles in Diagnostic Medicine 

A highly intriguing paper on the use of 

nanoparticles in diagnostic medicine has been 

published. They employed hydrophilic, magnetic 

nanocrystals with antibody conjugates as smart 

nano probes for MRI's ultrasensitive breast cancer 

detection. Thermal breakdown was used to create 

the MnFe2 O4 nanocrystals used as MRI contrast 

agents. Amphiphilic triblock copolymers were 

then used to modify the surfaces. They clearly 

shown their superiority as a contrast medium for 

locating breast cancer lesions. By connecting a 

molecule to dielectric particles with a rare earth 

oxide core and a polysiloxane shell containing 

fluorescein for bio detection. Study have 

demonstrated various approaches to detect 

streptavidin. Gadolinium hydroxide and 

dysprosium oxide are members of a novel and 

intriguing family of magnetic nanoparticles that 

have been studied using X-ray diffraction, NMR 

relaxometry, and magnetometry in various fields. 

These are excellent for use in diagnostic 

procedures. For the purpose of finding circulating 

breast cancer cells, Shao et al. employed nanotube 

antibody biosensor arrays. The unique method for 

detecting cancer cells utilizing a nanotube and 

antibody combination is described in this research 

for the first time [77].  

CONCLUSION 

The commercial application of nanotechnology is 

quite promising. Many believe that the use of 

nanotechnology in medication delivery will lead to 

the development of innovative therapies that could 

completely alter the pharmaceutical and 

biotechnology sectors. There are several areas of 

interest where there will be efficient and safer 

tailored treatments for a variety of clinical 

applications, and numerous nanotechnology 

platforms are being researched, either in 

development or in clinical stages. It will soon be 

evolving for the benefit of all humankind. 
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