
Introduction

Interactions between nanoparticles (NPs) and cells as well as 

the extracellular environment may have a variety of biological 

effects. NPs have been used to deliver traditional drugs, 

recombinant proteins, vaccines, and most recently nucleotides. 

The kinetics, body distribution, and drug release properties of 

medications can be altered by nanoparticles. Drugs can target 

particular cells or organs, and a regulated release may result in 

fewer undesirable side effects. As a result, NPs in the 

pharmaceutical and biotechnology industries boost the 

therapeutic index and provide potential delivery routes for new 

classes of so-called biotech medicines, including 

oligonucleotides and recombinant proteins (Frieboes et al., 

2006). Nanoparticle (NP) interactions with cells and the 

extracellular environment may have a variety of biological 

effects. The delivery of conventional drugs, recombinant 

proteins, vaccines, and most recently nucleotides has all 

been accomplished via NPs. Drug kinetics, body 

distribution, and release properties can all be altered by 

nanoparticles. Specific organs or cells can be targeted by 

drugs, and a controlled release may result in fewer 

undesirable side effects. Because of this, NPs in the 

pharmaceutical biotechnology industry raise the 

therapeutic index and provide potential delivery options 

for new classes of so-called biotech medicines, like 

oligonucleotides and recombinant proteins (Ferrari et al., 

2005).

Size effect and the advantages of scaling down

The primary advantages of scaling down to nano size in 
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biological applications, which are becoming more significant in 

DD methods, are as follows (Ferrari et al., 2005).

NPs potentially:

1. Pile up and cover the mononuclear phagocyte system (MPS) 

tissue (formerly RES).

2. Passing through the vasculature and accumulating in the 

tumor interstitial space through leaky angiogenic vessels (DD+ 

imaging).

3. Attain enhanced permeability and retention effect (EPR 

effect).

As indicated before, the targeted DD principle is exclusive to the 

nanoscale. Consideration of a nanomodel for application in 

targeted DD has several noteworthy advantages, such as drug 

consistency in targeted delivery, appropriate drug release at 

target sites, prevention of phagocytosis, high surface volume 

ratio, and thus better efficiency, and simple/passive transport of 

drug vehicles through epithelia. The current focus of research is 

on creating multifunctional nanoparticles (NPs) for in vivo 

applications, such as targeted therapeutic delivery, non-invasive 

molecular marker visualisation for early stage disease, 

minimization of harmful side effects, interception and 

containment of lesions until it reaches lethal levels, all with little 

to almost no loss of quality of life for individual (Nishioka et al., 

2001; Schnitzer et al., 1998) target patients.

Different types of nanomaterials employed in cancer therapy, 

along with their important physical properties and surface 

chemistry required to carry drugs as reported Sharma et al., (

2016; Maniam et al., 2018 . The angiogenic vasculature's )

fenestration allows the nanovectors to enter the tumour location. 

A multifunctional nanodevice (nano-vector) is a permeation 

booster for easier and quicker reachability to the site; a contrast-

enhancing agent for better imaging; and PEG coating, which 

functions in two ways—one to trick the immune system and the 

other by targeting moieties with improved specificity in 

targeting. The disease vectors contain one or more antibodies 

that enable them to bind to certain places in a specific and 

selective manner, and everything takes place in the nano domain 

to ensure that the vectors move fast through cells and pores and 

may therefore readily reach the disease vectors. The cytotoxic 

substances that the activated nano vectors can employ and 

release will have an anticancer effect. The event could be 

brought on by either an internal factor like pH or temperature or 

an external source like ultrasound, IR, or MRI. (Kim et al., 2004; 
Jinjun et al., 2017; Samuel et al., 2003; Zhao et al., 2005). 

Role of nanoparticles in DD

This section provides an introduction to the fundamentals of DD 

systems, starting with standard DD trucks and delivery routes. 

The necessity of nanovehicles and the advantages they offer 

are illustrated using pertinent instances. Targeted DD is also 

researched in conjunction with targeted delivery and the use 

of nanotechnology Javier et al., 2018( ).

First Pass Effect

Despite the identification of several active molecules as 

prospective medications, due to problems with 

bioavailability, only a small portion of these research 

products enter clinical trials. The drug's method of 

administration, as well as the rate of absorption and 

metabolism, all affect bioavailability (Kidane et al., 2005). 

The most popular way to absorb drugs is by the peripheral 

route, sometimes referred to as the oral route. The drug 

lingers in the abdomen for a long time during the digestion 

process. The tablet binds with other bodily fluids and 

gastric acid in the stomach. Along with other food 

fragments, the tablet is broken down into its component 

medications and transported to the liver for detoxification 

before passing through the intestinal walls and into the 

enterohepatic circulation. The process through which a 

drug interacts with the liver is known as the "first pass 

effect"(Binghe et al., 2005; Yu et al., 2002). After the initial 

pass effect, the medication fully combines with the 

bloodstream. Drugs that are administered orally face a 

number of challenges. The first pass effect is crucial for the 

pharmaceutical and healthcare industries since it greatly 

affects the outcome of a medicine. As the drug is eliminated 

from the body through metabolism and excretion. Oral 

administration, strictly speaking, is the procedure by which 

a medication is immediately infused into the bloodstream 

by the mouthpiece, by placing the tablet under the tongue, 

or by sandwiching it between the gingiva and the nerves. 

This fashion is also known as the buccal route Abdifetah et (

al., 2019).

The drug participates actively in drug concentration when it 

swiftly diffuses through the mucous tissue layer and 

distributes to the circulatory system via the jugular vein. 

The buccal route provides the important advantage of 

avoiding the first pass effect and the stomach's extremely 

acidic environment, despite the danger of incomplete drug 

swallowing. In many DD applications, defeating or 

avoiding the first pass effect has been a widespread trend 

and is now widely used (McElnay et al., 1997; Akers et al., 

1997; Chellat et al., 2005; Nagayasu et al., 1999).

Delivery routes

The optimum legal transfer path is frequently chosen based 

on the nature and location of the disease or injury. It should 

be noted that all further delivery methods bypass the first 
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pass effect, with the exception of oral delivery. The most crucial 

element in establishing a drug's effectiveness is the presence of 

the target site, often known as "bioavailability. In the case of oral 

administration, there are two separate levels of bioavailability: a 

systemic reaction and a site-specific cellular availability 

response. Both are essential for determining a drug's 

functionality as well as for limiting the negative consequences of 

a particular expression. Receptor affinity, gene regulation, 

protein binding, membrane permeability, protein expression, and 

other physiological parameters that interfere with a drug are 

reported. These factors ultimately depend on the 

physicochemical characteristics and the site of the drug activity 

(Singh et al., 2016).

Drug transport and metabolism are affected by dose and 

physiological variables. The drug's bioavailability, which in turn 

causes a pharmacological reaction in the target circumstance, is 

influenced by both of the aforementioned elements. At the quarry 

site, toxicological and inflammatory reactions are triggered in the 

event of an overdose (Samuel et al., 2003; Freitas et al., 2005).

Targeted delivery of drug

One method for increasing bioavailability concentrates on 

precise drug administration while avoiding dose toxicity and the 

inflammatory response. Delivering the right dose to the precise 

site of the disease or harm is the pinnacle of targeted delivery. 

One of the key components of an expert targeted DD system is the 

choice of an effective distribution profile. In the distribution 

profile, the absorption of the drug given from the vehicle is often 

displayed versus time. The drug distribution profile is influenced 

by the type of drug, the type of drug vehicle, and the 

physiological conditions at the rescue site. Only a few examples 

include pore size, thickness, shape, drug loading, temperature, 

surface roughness, and biodegradation. The drug vehicle, which 

also includes the distribution profile, controls how much of the 

drug is ejected. Drugs can be any substance that is an organic, 

sugar, fat, polymer, peptide, lipid, amino acid, surfactant, or 

protein. A drug's response to its delivery vehicle will depend on 

this decision, and as a result, the delivery profile such as 

hydrophilicity or hydrophobicity plays a crucial role in drug 

release. The main nanosize medications are listed here, along 

with their corresponding sizes (in nm):

 Nano capsules 50-200

 Uni-lamellar liposomal vesicles 25-200

 Micro emulsions 20-50 

 NPs 25-200

Different types of DD vehicles and its chemistry

Nano capsules

Nano capsules are made of polymeric membranes with an 

oleophilic or aqueous centre. It is possible to describe a 

circulatory system where "drug is contained to an aqueous 

or oily chamber bordered by a single polymeric 

membrane." They serve as colloidal carriers for the 

transportation of pharmaceuticals. Nanocapsules typically 

feature an exterior surfactant adsorption layer. 

Polyalkylcyanoacrylates and poly-lactides are the polymers 

employed for the outer coating. Soybean oil or other 

triglycerides with long and medium chain fatty acids make 

up the bulk of the vehicle. Drug delivery uses the poly-

isobutyl cyanoacrylate (PIBCA) nanocapsule extensively 

(Langer et al., 2004).

Unilamellar Liposomal Vesicles

Liposomes are among the most popular delivery systems 

due to their wide range of applications in the treatment of 

tumours and cancer. Furthermore, it is knowledgeable 

about the factors that promote the creation and efficient 

distribution of liposomal vehicles.

They are "vesicular colloidal particles made of amphiphilic 

molecules that self-assemble." They have the ability to 

compete with both hydrophilic and hydrophobic classes, 

which may enable self-assembly in an aqueous media. 

Neutral or anionic lipids, which might be manufactured or 

natural, are the building blocks of liposomes. Lecithins, 

sphingomyelins, and other lipids generated from egg yolk, 

soy, beans, and other sources are examples of natural lipids, 

while dimyristoyl, dipalmitoyl, distearyl, and dioleoyl 

chains are examples of manufactured lipids. According to 

their purpose, liposomes can be divided into four groups: 

www.apjonline.in

Figure 1. Schematic representation of nanocapsule (Wibowo 

et al., 2016)
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cationic, conventional.

Size has a considerable impact on the effectiveness of therapeutic 

actions and targeting in liposomes. It has been demonstrated that 

the size of the liposomes in the tumour site, the therapeutic 

efficacy, the level of toxicity, cross-vessel permeability, and 

general transport in the body are all influenced by the size. 

Additionally, it has been found that the amount of medication that 

reaches the tumour location correlates with the degree of 

targeting and treatment success, which increases with tumour 

size. Less than 100 nm-diameter liposomes showed enhanced 

tumour targeting and aggregation (Doukas et al., 2004).

Nanoparticles

NPs are a special collection of many atoms in a particular 

dimension. In the field of bio-nanotechnology, NPs with a size of 

less than 200 nm are of particular interest. Titania, gold, zinc 

oxide, silver, and other NPs may have many useful applications 

in bio-nanotechnology. When these NPs are functionalized with 

antibodies, they can produce certain signals. NP is frequently 

employed as a DD vehicle and as a biomarker for cancerous 

tumours and cells. Due to their strong "increased permeability 

and retention," they are highly preferred for the treatment of 

tumours and cancer (EPR). Another form of NP that is frequently 

employed for medication delivery is alginate NPs. They are made 

of a very thin calcium/sodium alginate gel. One well-known 

bioimaging NP is polystyrene fluorescent NP.

Micro emulsions

The term "micro emulsions" refers to "clean, stable, isotropic mixes 

of oil, water, and surfactant, typically in combination with 

surfactant." A microemulsion performs well as a DD vehicle when it 

is loaded with a medication. The hexagonal phase, lamellar phase, 

reverse hexagonal phase, and reverse micelle are the most common 

"self-association" structures of themicelles, along with the spherical 

micelle, rod-shaped micelle, and others. In the micro emulsions, the 

typical microstructures that can be present.

Profile of drug delivery

The delivery profile of the DD system determines a drug's 

bioavailability at the applied time. Typical DD profile together 

with two important delivery types, namely one shot (individual 

windowpanes) and numerous doses. When a single dose of a 

medicine is taken, its release profile shows a concentration peak 

before it dissolves Mehrotra et al., 2007 ( ).

A multiple dosage delivery's concentration/release profile 

features several high points before starting to fall off over time. 

Understanding the different degrees of bioavailability 

inadequate, therapeutic, and toxic in both single and multiple 

doses is crucial. With a safe margin below and above the 

hazardous floor and the ineffective stage, respectively, a suitable 

delivery profile should maintain the dose steadily in the 

therapeutic range.

The sustained release technique is the best choice for DD 

because it is used predominantly in the clinical setting 

(Prausnitz et al., 2004; Barry et al., 2002). The main cause 

for worry in controlled drug release is the drug release in the 

clinical regime. The subsequent controlled release splits. 

The following four subdivisions are present in DD systems 

(Humana et al., 2012):

1. Rate-Preprogrammed DD Systems

2. Activation-Modulated DD Systems

3. Feedback-Regulated DD Systems

4. Site-Targeting DD Systems 

Advancement in drug delivery system by using 

nanotechnology

The ultimate DD vehicle will be self-navigating, capable of 

finding and eliminating every single sick cell. A tiny drug 

reservoir that can be implanted in the body to treat all chronic 

diseases will provide the right dose of life-saving medication 

at the right moment. It would guarantee that the drug will kill 

diseased cells without generating any hazardous radiation, and 

it would allow us to precisely track the whereabouts of 

delivery vehicles without using any invasive procedures. The 

above wish list is very near to becoming a reality in a few years 

because to improvements in bionanotechnology and a 

research concentration on it. Recent developments in DD 

bionanotechnology are impressive accomplishments, 

particularly when it comes to their applications in medicine. 

Additionally useful for diabetic patients are virus detectors, 

biological robots created through genetic engineering, 

artificial RBCs, immune-isolated nano-porous implants with 

pancreatic cells implanted that deliver insulin, externally 

controlled nanoshell delivery vehicles for precision targeting, 

and polarity-gated nano-sieves for selected ion transport 

(Abbott et al., 2005).

Transdermal

To evaluate the viability and breadth of transdermal drug 

administration, years of research were put into it. The first 

successful transdermal administration system was a 

scopolamine patch created in 1979. Studies on the challenges 

of transdermal delivery first appeared in 1924. An important 

industry like health care, with an annual DD budget of more 

than $3 billion in the US, is being used not only for the 

treatment of illnesses and injuries, but also for novel 

applications like nicotine administration. Over a million 

smokers who might not have smoked otherwise now do so 

because to the usage of nicotine patches, which deliver 
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nicotine via the skin. One of the main obstacles to overcome in 

transdermal application is the efficient and straightforward 

distribution of the medication through the primary skin barriers, 

including the epidermis, stratum corneum (SC), and others. Of the 

two listed, SC is the more challenging. The SC has a dermis layer 

that is 2-3 mm thick and an epidermis layer that is 50–100 mm thick. 

Typically, a drug or transdermal delivery system cannot easily pass 

through the SC. The use of nanotechnology in transdermal 

applications shows promise. The smaller scale facilitates 

permeation. Targeted distribution is also made possible by surface 

changes. In the current study, many outside organisations are 

investigated in relation to nano vehicles for energy saving. A few of 

them include chemically enhanced, electrically assisted 

electroporation, PW mediated low-frequency ultrasound, and 

microneedles. The development of therapeutically effective drug 

delivery rates led to the development of microneedles, which are 

around the size of a micron scale. It can inject medicine if it is 

pierced through the skin. This strategy will successfully transport 

medications made of nanoparticles to the epidermis. Needles are 

available in a range of sizes, shapes, and materials, such as silicon 

wafers, titanium, and stainless steel. Micro-needle arrays were 

created to transport roughly 480 needles, each 430 nm long, within a 

2 sq. cm region to further strengthen the tip's narrow radius and thick 

wall. They have a lesser chance of cracking when in use. Although 

skin burns and accidents have not been tested with this approach, it 

looks promise in other circumstances. Pressure waves (PW) can be 

used to temporarily break up the SC, making it easier for 

pharmaceuticals and automobiles to get through. Additionally, it 

restores SC functionality instantly, is painless, and returns to its 

initial state as a high barrier. Due to its direct connection to SC 

penetration, the duration of PW exposure is an important 

consideration. Delivery of plasmids, DNA, and proteins into the 

epidermis has a promising future thanks to the successful delivery of 

100 nm latex beads. Pressure waves (PW) created by strong laser 

light are increasingly being used to treat transdermal DD. It has been 

demonstrated to enhance both the actual delivery procedure and 

drug vehicle penetration through the cell membrane and stratum 

corneum (SC). A typical PW for transdermal administration would 

be 300–1000 bar with a duration of 100–1 nm. Here, insulin is given 

to control blood glucose levels. The potential for PWs to hurt is 

minimal, and it can be reduced by properly designing PWs. Instead 

of receiving a normal method, they act as shunt channels, even 

focusing on hair follicles and sweat glands, which have a more 

logical and effective delivery than the majority of skin flukes. 

Dendrimers, which are frequently employed to transport drugs, 

vaccinations, and cancer-fighting chemotherapeutic agents, are 

another transdermal application. Examples of dendrimer-based bio, 

nano applications include gene transport, anti-infective drug 

administration, targeted cancer therapy, in vivo diagnosis (MRI), 

vaccination and peptide delivery, and DD through oral and 

transdermal routes, as well as ophthalmic applications.

Blood Brain Barrier

Blood Brain Barrier (BBB) is one of the main barriers that is 

typically difficult for medications, such as oligo-molecules, 

anticancer agents, peptides, antibiotics, and macromolecules, 

to cross. The drug's inability to reach brain tissues is attributed 

to the existence of "tight junctions between the endothelial cell 

linings in the brain blood arteries." The "extremely active drug 

transport system," also known as ABC transporters, also 

transports any medication that crosses the endothelium lining 

back into the bloodstream". Therefore, it appears that cranial 

DD is a serious medical issue. Large particles can be 

transported by the transcytotic vesicular pathway, which also 

has multiple transporters with broad specificity and "particular 

transport mechanisms for solute absorption are present on the 

apical and basal membranes." The same efflux transporters 

keep lipid-soluble medications out of the central nervous 

system. Treatment selection is made more challenging by the 

relationship between disease-related BBB impairment and 

brain interstitial fluid (ISF). In the end, the drug delivery van 

runs against the aforementioned obstacles on multiple 

occasions. NPs provide hopeful remedies for the BBB issue. 

When many nanometer-sized NPs with the proper surface 

modification are synthesised, they attach to certain receptors, 

diffuse into endothelial cells, and finally reach the interior of 

the brain. Due to their small size and surface functionalization, 

nanodelivery vehicles can go across the BBB. However, the 

possibility of unintended particles entering the brain through 

the BBB is frequently hypothesised, thus any uptake through 

the BBB needs to be extremely selective. One of the most 

efficient organisations for DD delivery to the brain is the 

distribution of NPs coated with polysorbate 80. The 

polysorbate 80-coated drug delivery NPs showed greater 

absorption near the BBB. One notable instance involved the 

administration of doxorubicin, where the levels of the 

medication in the brain were 60:1 for coated and uncoated 

deliveries, respectively. In the case of nano drug delivery, 

greater NP retention in brain capillaries along with adsorption 

to the capillary walls may produce a high concentration 

gradient, aiding transport across endothelial cells and 

ultimately delivery to the brain. The solubilization of lipids in 

endothelial cell membranes, which leads to membrane 

fluidization and higher drug permeability across the blood-

brain barrier, can be used to study a surfactant's effect. 

Endothelial cells may transcytose the endocytosed NPs 

releasing drug inside the cells and injected into the brain 

nanovehicles into the brain, and the Polysorbate 80 coating on 

the nanovehicles may hinder the efflux process. The NP 

delivery vehicle interacts with the aforementioned systems 
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separately or collectively, as was previously described, therefore 

one or more of these mechanisms may be to blame for a nano 

vehicle entering the psyche (Hoet et al., 2004; Vishwakarma et al., 

2010).

Advantages of targeted DD systems

The future of DD may lie in targeted DD systems because of their 

accuracy and efficiency. A superior therapeutic index and 

protected payload, which contrasts the quantity of medicine that 

has therapeutic effects to the amount that has deleterious 

consequences, are two advantages of utilising a targeted DD 

system. It is, mathematically speaking, the ratio of the 

therapeutic dose to the dosage required to produce a hazardous 

effect. Targeted delivery frequently enables improved 

localisation specificity, less adverse effects, lower dosages, 

altered pharmacokinetics, controlled biodistribution, and, most 

importantly, better patient compliance. 

Conclusions and perspectives

Nanotechnology has completely changed the DD system. The 

nation's technological advancements have made it possible for 

some nanomedicines to achieve desirable features like less 

toxicity, increased patient compliance, and enhanced clinical 

outcomes. In addition to accelerating the development of new 

medicinal moieties, the employment of NPs in DD technology in 

preformulation work also helps to lessen the grinding of new 

molecular entities owing to unfavourable pharmacokinetic and 

biological qualities. In the not-too-distant future, the 

pharmaceutical and biotechnology industries are anticipated to 

undergo significant change as a result of developments in 

nanotechnology. In areas of presidential research like early 

pathology detection methods and target-specific drug therapy, 

nanotechnology will be very important.

List of abbreviation

DD- drug delivery

EPR - enhanced permeability and retention

MPS- mononuclear phagocyte system

NP - Nanoparticles 

PIBCA- poly isobutyl cyanoacrylate
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