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1. INTRODUCTION 

Approximately 25% of the primary medicinal chemicals 

and their derivatives that are now on the market come 

from natural sources. New drug discoveries start with 

natural molecules that have diverse chemical bases. In 

the field of natural product-based drug development, 

creating synthetically accessible lead compounds that 

closely resemble their counterparts' chemistry has been 

popular recently. Natural products have many amazing 

qualities, including decreased toxicity, astonishing 

chemical variety, and chemical and biological 

capabilities with macromolecular precision. Because of 

this, they are good leads for the development of new 

medications. Pharmaceutical corporations are reluctant to 

allocate additional resources towards medication delivery 

and discovery processes based on natural products, 

despite the numerous benefits. Instead, they prefer to 

investigate the libraries of chemical compounds that are 

already accessible for drug discovery. 

But currently, a number of serious illnesses, which 

includes as cancer, diabetes, cardiovascular disease, 

inflammatory disorders, and microbial infections, are 

being investigated as potential treatments for natural 

substances. This is mostly due to the special benefits that 

come with natural medications, which include reduced 

toxicity and adverse effects, affordability, and strong 

therapeutic potential. The toxicity and biocompatibility 

issues surrounding natural substances, however, make 

their use as medicine more difficult. As a result of these 

issues, several natural substances are failing to advance 

past the clinical trial stages. Large-sized material 

distribution presents a number of significant hurdles, 

including as in vivo instability, low solubility and 

bioavailability, poor absorption in the body, problems 

with target-specific delivery and tonic efficacy, and 

potentially harmful pharmacological side effects. 
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In light of their special physicochemical and biological characteristics, nanomaterial-based drug delivery methods 
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effects associated with drug administration and enhances treatment efficacy. Targeted medication delivery 
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extravascular and intravascular illnesses. 
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The term "drug delivery" describes the procedures, 

formulations, technologies, and techniques used to move 

a pharmaceutical material through the body in order to 

provide the intended therapeutic effect. It includes 

methods of delivering medication to both humans and 

animals in order to achieve therapeutic efficacy. The 

focus of recent advancements in drug delivery systems 

has mostly been on smart drug delivery systems, which 

aim to provide drugs at the right time, dose, and place for 

optimal safety and effectiveness. The development of 

Novel drug delivery systems has garnered significant 

interest lately. 

 

By using nanostructures and nanophases in a variety of 

scientific domains, particularly in nanomedicine and 

nano-based drug delivery systems, where these particles 

are of great interest, nanotechnology has demonstrated 

its ability to bridge the gap between the biological and 

physical sciences. A substance that ranges in size from 1 

to 100 nm is referred to as a nanomaterial. Materials of 

this size have an impact on several aspects of 

nanomedicine, including tissue engineering, drug 

delivery, biosensors, microfluidics, and microarray 

testing. To create nanomedicines, nanotechnology uses 

therapeutic molecules at the nanoscale level. 

Nanoparticles have been the driving force behind the 

discipline of biomedicine, which includes tissue 

engineering, medication delivery, nanobiotechnology, 

and biosensors. Because they are materials created at the 

atomic or molecular level, nanoparticles are typically 

tiny nanospheres. 

 

As a result, they have greater mobility within the human 

body than larger materials do. Particles at the nanoscale 

have special biological, mechanical, chemical, electrical, 

magnetic, and structural characteristics. The ability to 

use nanostructures as delivery agents to encapsulate or 

attach therapeutic pharmaceuticals and transport them 

more precisely to target tissues with a regulated release 

has led to the increased appreciation of nanomedicines in 

recent years. The use of information and methods from 

nanoscience to medical biology, disease prevention, and 

treatment is a rapidly developing discipline known as 

nanomedicine. It involves the use of materials of 

nanoscale dimensions, such as actuating materials in 

living cells and nanorobots and nanosensors for delivery, 

diagnostic, and sensory applications. 

 

Drug delivery directed delivery systems, or Targeted 

Drug Delivery systems, integrate several scientific 

disciplines, including molecular biology, polymer 

science, pharmacology, and bioconjugate chemistry, to 

deliver a medication to a particular site rather than the 

entire body or organ. The goal of Targeted Drug 

Delivery systems is to regulate and manage the 

pharmacokinetics, pharmacodynamics, immunogenicity, 

a specific toxicity, and bio-recognition of medicinal 

substances. The ultimate objective is to lessen adverse 

effects while increasing therapy efficacy. Targeted Drug 

Delivery systems are distinct from conventional or 

traditional Drug Delivery systems in that the former rely 

on drug absorption through biological membranes, while 

the latter get site-specific release of pharmaceuticals 

from a dosage form. 

 

2. Basic Principles and Applications of Targeted 

Drug-Delivery Systems 

Bringing a high concentration of medication at the 

intended site while minimising its concentration in the 

non-targeted region is the fundamental idea underlying 

drug targeting. By reducing the negative effects brought 

on by non-target concentrations, increased dosages, and 

multi-target interactions, this concept helps to maximise 

the therapeutic effects of the medication. Additionally, 

targeting reduces undesired medication interactions with 

bioenvironmental elements that impact drug delivery to 

specific body locations. Coordinated drug behaviour, the 

targeted location, and the pharmaceutical carrier make up 

drug targeting. The target is the particular organ, cell, or 

collection of cells that the medicine will interact with and 

that are in a chronic or acute condition that has to be 

treated. The carrier is a specifically designed system or 

molecule that is necessary for the loaded medicine to be 

transported effectively towards predetermined locations. 

Both in vivo and in vitro, a drug-targeting combination 

should ideally be atoxic, nonimmunogenic, biochemically 

inert, biodegradable, biocompatible, and 

physicochemically stable. It should also be quickly and 

swiftly removed from the body, have a limited amount of 

drug leakage during transit, and have a predictable and 

regulated pattern of drug release. Its manufacture should 

also be fairly straightforward, repeatable, and economical. 

 

Targeted drug products should be created with the unique 

qualities of target cells and the makeup of transport 

carriers, or vehicles, that deliver the drug to certain 

receptors, in mind, in order to ensure the fulfilment of 

these ideal attributes. Physicochemical properties, 

enzymes, electric fields, physiological environment, drug 

concentration, particulate location and distribution, surface 

morphology (shape, charge, size, and density) of the 

carrier system, and enzymes are some of these important 

parameters. For efficient targeting of targeted cells or 

tissue, physiological factors like tissue architecture and 

blood flow for intravenous drug delivery should be 

managed in conjunction with physicochemical 

characteristics like carrier geometry, avidity, composition, 

and functionalization. 

 

Effective tumor-targeted therapy also depends on 

extravasation, intratumoral distribution, clinical increased 

permeability and retention (EPR) impact, tumour 

heterogeneity, and overexpression features. Effective 

application of Targeted Drug-Delivery Systems in novel 

nanomedicine and therapies is possible provided that the 

optimal qualities are fulfilled and formulation 

considerations are taken into account. Targeted Drug-

Delivery Systems has a wide range of applications in the 

treatment of infectious and chronic disorders, but because 

of its superior microphage penetration and increased 
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concentration at the infection site, it is particularly useful 

in the treatment of malignant tumours. Cancer treatment, 

vaccine adjuvant, ocular and brain delivery, DNA and 

oligonucleotide delivery, intracellular and systemic 

targeting, oral and transdermal distribution, enzyme 

immunoassays, and radio imaging are among the 

promising uses and applications of Targeted Drug-

Delivery Systems. Reduced toxicity, better uptake, longer 

systemic circulation with increased bioavailability and 

drug impact, increased immunoresponse, improved drug 

absorption and permeability, improved drug retention, and 

decreased washout are often reported benefits associated 

with these uses. 

 

3. TARGETED DRUG DELIVERY TYPES 

As was previously said, the goal of drug targeting is not 

only to boost a medication's therapeutic efficacy but also 

to reduce its associated toxicity so that lower dosages of 

the medication may be employed in therapy. Targeting 

drug categorization and other similar approaches are two 

widely utilized methods for meeting such requirements. 

 

3.1. Passive targeting 

It describes the build-up of a medication or drug-carrier 

system in a particular location, such as an anti-cancer 

medication, the cause of which may be traced to 

pharmacological or physicochemical aspects of the 

illness. Therefore, in order to maximise circulation times 

and targeting ability during cancer therapy, the size and 

surface features of drug delivery nanoparticles must be 

properly managed to avoid absorption by the reticulo-

endothelial system (RES). In summary, passive targeting 

is a misnomer for a straightforward medication delivery 

method that involves blood circulation. The liver is not 

one of the body's designated places for medication 

release or activity, such as a tumour. Additional 

instances comprise the use of antimalarial medications to 

treat candidiasis, brucellosis, and leishmiansis. 

 

3.2. Active targeting 

Active targeting, which only happens after blood 

circulation and extravasations, refers to a particular 

ligand–receptor type interaction for intracellular 

localization. Three distinct degrees of targeting may be 

distinguished using this active targeting technique, and 

they are as follows: 

 First order targeting, such as compartmental 

targeting in the lymphatics, peritoneal cavity, 

multiple cavities, cerebral ventricles and eyes, joints, 

etc., refers to the confined distribution of the drug 

carrier systems to the capillary bed of a predefined 

target location, organ, or tissue. 

 Second order targeting is the process of selectively 

delivering medications to particular cell types, such 

as cancer cells, rather than to healthy cells. An 

example of this would be the administration of 

pharmaceuticals to the liver's kupffer cells. 

 Third order targeting is the process of delivering a 

medicine selectively to a target cell's intracellular 

location, such as by endocytosis or receptor-based 

ligand-mediated entrance of a drug complex into a 

cell. 

 

3.3. First-, Second-, Third-, and Fourth-Order 

Targeting 

Three (or four) distinct orders of targeting can be used to 

further categorise drug targeting. The drug-carrier 

system's distribution to the target site's capillary bed is 

restricted in first-order targeting. The term "second-order 

targeting" describes the deliberate administration of 

medications to particular cell types, such tumour cells. 

Drugs that target macromolecules like DNA and proteins 

are sometimes designated as having fourth-order 

targeting, whereas third-order targeting denotes a special 

focus on intracellular locations. 

 

3.4. Inverse, Dual, Double, and Combination 

Targeting 

Inverse targeting is the process of inhibiting the 

reticuloendothelial system's normal action using a blank 

colloidal carrier in order to minimise passive drug 

absorption. This will cause the system to become 

saturated with defence mechanism suppression. By 

delivering a carrier molecule with a distinct therapeutic 

action, dual targeting increases the drug's (synergistic) 

therapeutic impact. Double targeting combines temporal 

and spatial approaches, i.e., temporal delivery at a 

regulated pace and spatial placement to certain places. 

Combination targeting is a targeted delivery method that 

offers a direct path to a target by using carriers, 

polymers, and homing devices with molecular 

specificity. 

 

3.5. Physical, Chemical, and Biological Targeting 

Systems that localise agents to target locations based on 

their size, content, or other non-biological receptor-

specific properties are referred to as physical targeting 

systems. Chemical targeting is the process of localising 

agents to specific regions by employing prodrugs that are 

unique to a given place. Moreover, agents can be 

targeted to certain regions by means of enzymatic or 

chemical processes that result in the agent’s-controlled 

release or activity, or in the targeting of a vehicle. By 

using antibodies (Abs), peptides, proteins, or other 

biomolecules that have a particular affinity for receptors, 

sites, or other biological targets, localised agents can 

target specific regions through the process of biological 

targeting. Via vector systems, gene expression may also 

be targeted to certain regions by using cells, tissue, or 

other particular promoters. 

 

3.6. Local and Systemic Targeting 

The primary objective of locally targeted systems, which 

are non-invasive targeting techniques, is to deliver drugs 

to the local location for the therapy of local diseases. 

Delivery of such therapeutic systems by an invasive 

method, such as intravenous infusion of nano-

technological systems, is possible with systemic 

targeting. Once the medicine is distributed throughout 

the body, these systems administer it through systemic 
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circulation. The main drawbacks of these systems derive 

from the harmful effects of the medications in a 

particular tissue. 

 

4. WIDELY USED VEHICLES FOR TARGETED 

MEDICATION DELIVERY 

Drug carriers come in a variety of forms, including 

colloidals, polymers, NPs, cells, and monoclonal Abs. The 

choice of carrier to be utilised depends on the drug's 

composition, the target, and the stage of the disease. 

Targeting moieties include charged compounds, proteins, 

lipoproteins, hormones, and polysaccharides combined 

with carriers. 

 

4.1. Colloidal Carrier Systems 

Colloidal dispersant tablets (NDDSs) are nanoscaled 

particle targeting vesicles or vesicular dosage forms. 

They consist of numerous emulsions, liposomes, 

niosomes, nanospheres, and ceramics. These kinds of 

drug vectors have the capacity to change the distribution 

profile by sequestering, transporting, and holding onto 

the active medication as it elutes or is delivered within or 

close to the target. They are frequently divided into two 

groups: microparticulate and vesicular systems. 

 

 
Fig 1: Colloidal Carrier Systems. 

 

4.2. Systems of Vesicular Carrier 

The goal of novel vesicular drug delivery systems is to 

distribute the medication according to therapeutic 

requirements in a rate- and site-controlled way. These 

carriers have recently surfaced and provide a variety of 

delivery methods for controlled and targeted doping. The 

therapeutic index, solubility, stability, and quick 

breakdown of drug molecules are all enhanced by 

vesicular drug delivery systems. The most well-known 

development in vesicular carrier systems is that of 

nanosomes. They are tiny, vesicular carriers that carry 

medications to the intended location. They come in many 

forms, such as ethosomes, liposomes, niosomes, and 

transferosomes. Each of these vesicular carriers is a 

generation of nanosomes that differs from the others in 

terms of the vesicular composition and properties during 

manufacture, storage and preparation circumstances, and 

intended therapeutic uses. 

 

4.2.1. Niosomes 

Arguably these carriers, niosomes are among the best. 

Researchers working in the cosmetics business initially 

reported on the self-assembly of non-ionic surfactants 

into vesicles in the 1970s. Niosomes, also known as non-

ionic surfactant vesicles, are tiny lamellar structures that 

are created when cholesterol and non-ionic surfactant 

belonging to the alkyl or dialkyl polyglycerol ether class 

are combined. Because non-ionic surfactants are 

amphiphilic, they need energy, such as heat or physical 

agitation, to create a closed bilayer vesicle in aqueous 

fluids. While the hydrophilic heads of the bilayer 

structure stay in touch with the aqueous solvent, the 

hydrophobic portions of the structure are orientated away 

from it. By altering the vesicles' composition, size, 

lamellarity, tapping volume, surface charge, and 

concentration, one may modify their characteristics. 

 

The physicochemical characteristics of niosomes and 

liposomes are comparable, albeit there are minor 

variations based on the manufacturing techniques and 

bilayer composition. Niosomes mostly consist of 

surfactants, whereas liposomes are made up of 

phospholipids. Since niosomes are far more stable than 

liposomes, they don't require any particular preparation 

or storage conditions. But liposomes and niosomes have 

different properties, particularly because the former are 

made from cholesterol and uncharged single-chain 

surfactant, while the latter are made from double-chain 

phospholipids (neutral or charged). Liposomes contain a 

far higher quantity of cholesterol than niosomes do. 

Consequently, liposomes' drug entrapment effectiveness 

declines relative to that of niosomes. In addition, 

liposomes are costly and their constituents, such 

phospholipids, are chemically unstable due to their 

propensity for oxidative destruction; therefore, these 

need particular treatment and storage, and the quality of 

natural phospholipids varies. This may lower the cost of 

manufacture. Niosomes and liposomes are not as suitable 

for transdermal distribution due to their poor skin 

permeability, aggregation and fusion of vesicles, 

shattering of vesicles, and drug leakage. 

 

 
Fig 2: Niosomes. 

 

4.2.2. Liposomes 

Liposomes are drug-based, self-assembling 

phospholipid-based vesicles that surround a core aqueous 

compartment in the shape of a concentric sequence of 

several bilayers (multilamellar) or a bilayer (uni-

lamellar). Liposomes are between 30 and micrometres in 

size, having a phospholipid bilayer that is 4-5 nm thick. 
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British scientist Alec Bangham and associates at 

Babraham Cambridge established the science of 

liposomology in the middle of the 1960s, publishing the 

structure of liposomes for the first time in 1964. Since 

then, liposomes have been thoroughly studied for their 

potential as delivery systems for imaging agents, 

proteins, nucleic acids, and small molecules. To increase 

treatment effectiveness and patient compliance, several 

delivery methods, including parenteral, pulmonary, oral, 

transdermal, ocular, and nasal routes, have been devised. 

In addition, liposomes have been widely applied in the 

fields of food and cosmetics. 

 

Liposomes are exceptional drug delivery systems 

because they shield the enclosed materials from 

physiological deterioration, prolong the drug's half-life, 

regulate drug molecule release, and have high levels of 

safety and biocompatibility. Moreover, liposomes can 

use passive or active targeting to deliver their payload to 

the sick site selectively, reducing systemic adverse 

effects, increasing the maximum tolerated dose, and 

enhancing therapeutic benefits. 

 

Sphingomyelin (SM), cholesterol (Chol), and 

glycerolphospholipid (GP) are the main ingredients 

found in commercially available products. Glycerol, 

which connects two hydrophobic fatty acid chains and a 

hydrophilic polar head group, is present in GP. Different 

head groups generate liposomes with neutral (PC and 

PE) or negative (PA, PS, PG, and cardiolipin) charges at 

physiological pH levels. Considering GPs have an 

impact on liposome biophysical characteristics (drug 

encapsulation, stability, and release), as well as the 

pharmacokinetic and pharmacodynamics in vivo, they 

are crucial to formulation. The bilayer's thickness and 

fluidity, phase transition temperature, and rate of drug 

release are determined by the hydrocarbon chains' length, 

symmetry, inter- and intramolecular interactions, 

branching, and degree of unsaturation. For the most part, 

a longer hydrocarbon chain may result in tighter 

membrane packing and increased drug retention, whereas 

a higher degree of unsaturation or branching may result 

in looser membrane packing. This is likely due to the fact 

that cholesterol preferentially interacts with saturated 

phospholipids rather than unsaturated ones. 

 

 
Fig 3: Liposomes. 

 

4.2.3. Transferosomes 

Transferosomes are a unique kind of liposome that are 

made up of an edge activator and phosphatidylcholine. 

These are flexible, soft vesicles designed to improve the 

delivery of active drugs. IDEA AG, a German business, 

registered them and uses them to refer to its own unique 

medication delivery technique. The Latin term 

"transfere," which means "to carry across," and the 

Greek word "soma," which means "body," are the 

sources of the name, which means "carrying body." An 

artificial vesicle called a transferosome carrier is made to 

resemble a cell vesicle or a cell undergoing exocytosis, 

making it appropriate for targeted and controlled drug 

administration. A transferosome is a complex aggregate 

that is extremely flexible and sensitive to stress. Its ideal 

shape is a very malleable vesicle with a complex lipid 

bilayer around an aqueous centre. The vesicle is both 

self-regulating and self-optimizing due to the 

interdependency of the bilayer's structure and local 

composition. Because of this, transferosomes are able to 

effectively pass through a variety of transport barriers 

and function as drug carriers for targeted, non-invasive 

drug delivery and therapeutic agent release that is 

maintained. Using vesicle formulations as skin delivery 

systems is one of the most contentious approaches of 

medication administration via the skin. 

 

Transferosomes are self-aggregates that transfer drugs 

into or through the skin in a repeatable manner. They 

have a very flexible membrane. Compared to regular 

liposomes, these vesicular vesicles are orders of 

magnitude more elastic. Transferosomes squeeze 

themselves along the intracellular sealing lipids of the 

stratum corneum to get around the barrier of skin 

penetration. Transferosomes are composed of a blend of 

lipids and biocompatible membrane softeners, which 

may be applied transdermally. The ideal combination 

causes the elastic liposomal membranes to become 

flexible and opens the door for penetration through the 

skin's channels, which are opened by the carriers. A 

supramolecular structure known as a transferosome has 

the potential to cross permeability barriers and transfer 

materials from the application site to the destination 

location. 

 

Under the right circumstances, transferosomes have the 

ability to move 0.1 mg of lipid per hour and square 

centimetre over undamaged skin. Compared to the value 

usually dictated by the transdermal concentration 

gradients, this value is significantly greater. This high 

flux rate is caused by "transdermal osmotic gradients," 

which are naturally existing gradients that are available 

across the skin but are significantly more pronounced. 

The skin penetration barrier creates an osmotic gradient 

that keeps the viable portion of the epidermis (75% water 

content) and the almost dry stratum corneum (15%) close 

to the skin's surface from losing water. This gradient also 

keeps the skin from drying out. 
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Fig 4: Transferosomes. 

 

4.2.4. Spanlastics  

Spanlastics are a unique drug delivery device that traps 

the medication as a bilayer in the core cavity. The phrase 

"Spanlastic" (Span + Elastic) was initially used in 2011. 

These carriers resemble transfersomes in that they are 

elastic and extremely malleable. Compared to drug 

solution, these deformable vesicular carrier systems 

exhibit enhanced permeability. They are amphiphilic, 

meaning that the drug is contained in a vesicle formed by 

a non-ionic surfactant. Spandex is quite tiny and 

minuscule in size. These unique nanovesicles eliminate 

the drawbacks of liposomes, namely their tendency to 

become unstable chemically. The varying purity of 

phospholipids and liposomes' susceptibility to oxidative 

degradation are the causes of their chemical instability. 

The inclusion of edge activators in their structure is 

responsible for the vesicles' elastic character. 

 

4.2.4.1. Advantages of Spanlastics 

 Spanlastics are biodegradable and non-immunogenic 

in nature.  

 Enhancement of Bioavailability: The drug's 

protected support allows it to reach the intended 

location without being broken apart, resulting in 

increased bioavailability compared to the 

conventional form.  

 Target Specific: By protecting the drug from the 

environment and reducing its impact on the intended 

spot, they improve the healing efficacy of medicated 

particles. They boost the stability of the medication 

that is entrapped and are both osmotically active and 

stable.  

 Handling and storage of surfactants require no 

special condition.  

 Their purpose is to accomplish activity particular to 

the site.  

 Unlike liposomes, these vesicles are chemically 

stable and can target the retinal pigment epithelium, 

vitreous cavity, and choroid in both the anterior and 

posterior segments of the eye due to their elastic 

nature, which allows them to squeeze through the 

corneal membrane. 

 

4.2.4.2. Components of Spanlastics 

Spanlastics and traditional liposomes are structurally 

similar. These resemble Transfersomes, which are elastic 

liposomes that are extremely malleable. Two essential 

components of spanlastics are an edge activator and a 

nonionic surfactant. These vesicles have been dubbed 

spanlastics because they are mostly made of spans, or 

surfactants. 

 

 Non-ionic Surfactant 
Lowering the interfacial tension between two liquids—

the aqueous phase and the oily phase—is the goal of 

surface active agents, or surfactants. The head of a 

nonionic surfactant is devoid of any charged groups. 

Spans, or sorbitan alkyl esters, are a significant subclass 

of non-ionic surfactants. The organisation of Spans into 

concentric bilayers creates the vesicular structure of 

spanlastics. There are several sorts of spans, such as 

Span 80 (monooleate), Span 60 (monostearate), Span 40 

(monopalmitate), and Span 20 (monolaurate), depending 

on the kind of fatty acid linked to the polyoxyethylene 

sorbitan component of the molecule. When forecasting 

the stability of the vesicular formulation, the kinds of 

Span are crucial. 

 

 Edge Activators 

These surfactants belong to a unique class that exhibits 

high hydrophilicity or HLB value. These are single chain 

surfactants that reduce the interfacial tension of the 

vesicles, destabilising them and making the bilayer 

vesicles more deformable. As a result, they provide these 

vesicles' lipid bilayer membranes flexibility. EAs 

typically form more spherical vesicles, which result in 

lower particle sizes. By adding an edge activator (Tween 

80), the vesicles' elastic properties would be amplified, 

enabling them to momentarily expand the biological 

membranes' pore size. This would enable somewhat 

larger vesicles to enter and improve drug penetration. 

 

 Ethanol 

The characteristics of these nano-vesicular carriers are 

improved by ethanol. It helps to enhance the drug's 

entrapment and partitioning inside the vesicles. Ethanol's 

capacity to condense membranes results in a decrease in 

vesicular membrane thickness, which in turn reduces 

vesicular size. Ultimately, this modifies the net charge of 

the system towards a negative zeta potential, resulting in 

a degree of steric stabilisation. 

 

4.2.4.3. Morphology 

They can be either multilamellar (MLVs) or unilamellar 

(ULM). These can be either (SUVs) Small unilamellar 

(10-100 nm) or (LUVs) Large unilamellar (100-3000 

nm) depending on the size of the vesicles. According to 

reports, MLVs retain information longer than SUVs with 

equivalent lipid composition. Spheroid structures called 

spanlastics are made of amphiphilic molecules that 

function as appropriate matrix for bioencapsulation. 
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Fig 5: Spanlastics. 

 

Methods to fabricate nano-particles 

The appropriate and adequate technique is determined by 

the physicochemical properties of the polymer and the 

chosen medication. 

 

1. Salting out method  

This technique has the benefit of lowering the stress on 

the protein involved in the synthesis of encapsulants, and 

it produced high efficiency and was simple to scale up. 

The extraction of water miscible solvent from such an 

aqueous solution is what causes the salting-out 

phenomenon. The first phase involves dissolving the 

drug as well as the polymer in a vehicle, which would be 

subsequently emulsified into such an aqueous gel with 

salting out reagent and a colloidal stabiliser. Colloidal 

stabilisers and salting out agents, including electrolytes 

and non-electrolytes, have indeed been employed. 

 

By using this method, an oil/water emulsion is created, 

that is then diluted with additional water to improve 

solvent diffusion inside the aqueous phase and facilitate 

the production of nano-spheres. The manufacture of 

ethyl cellulose, PLA, and poly-methacrylic acids nano-

spheres uses the salting out method. 

 

2. Solvent evaporation method 

This method depends on both how soluble the polymer is 

and how hydrophobic the organic solvent is. Ibuprofen's 

better skin absorption and betulinic acid nanoparticles as 

an alternate treatment for visceral leishmaniasis are two 

examples. 

 

The first step is the emulsification of a polymer solution 

in an aqueous phase, which is proceeded by the 

evaporation of the solvent of the polymer, which causes 

the polymer to precipitate as nano-spheres. The drug-

polymer mixture is emulsified inside an aqueous solution 

that includes a surfactant or emulsifying agent to create 

oil in water (o/w) emulsion. Once a stable emulsion has 

been established, the organic solvent then is evaporated 

either by constant stirring or by lowering the pressure. 

To create tiny particle sizes, ultrasonication or high-

speed homogenization may well be utilised. 

Nanoparticles are gathered by ultracentrifugation, and 

then any free drugs or stabiliser residue is removed by 

washing them in distilled water. For preservation, 

nanoparticles are even further lyophilized. 

 

3. Emulsions–diffusion method 

Excellent encapsulation efficiency, the absence of 

homogenization, high batch-to-batch repeatability, ease 

of scaling up, ease, and limited size range are just a few 

advantages of this method. This method was utilised to 

create poly lactic acid and make PLGA nanoparticles 

that were loaded with oestrogen. 

 

The encapsulating polymeric is saturated with water after 

being mixed in a solvent that is partially water-miscible. 

Next, based on the oil-to-polymer proportion, the 

polymer-water saturated solvent phase is emulsion in an 

aqueous solution that contains a stabiliser, resulting in 

solvent diffusion to the outer phase as well as the 

creation of nano-spheres or nano-capsules. Based on the 

solvent's boiling point, the solvent is eliminated in the 

final phase either through evaporation or filtration. 

 

4. Double emulsion and evaporation method  

Examples of drug nano-formulations created using the 

double emulsion approach includes oleuropein with 

increased stability and Rose Bengal for the treatment of 

breast carcinoma. 

 

The double emulsion method is used to load the 

lipophobic medication. Drug solutions are added to an 

organic solution that contains the polymer while being 

stirred constantly to create a w/o emulsion. The second 

aqueous phase then gradually incorporates the created 

emulsion. Continue spinning until the w/o/w emulsion 

forms. After the solvent has evaporated, high-speed 

centrifugation may be used to separate the nanoparticles. 

 

5. Coacervation or ionic gelation method 

Two distinct aqueous phases have been prepared, one for 

the polymer and the other for the polyanion sodium 

tripolyphosphate, and it varies depending on the strong 

electrostatic attraction between both the positively 

charged amino group of chitosan and the negatively 

charged tripolyphosphate to shape coacervates with a 

magnitude in the nano-meter range. 

 

6. Polymerization method 

Diffusion in the polymerization medium or adsorption 

onto to the nanoparticles after completion polymerization 

is the two ways that drugs are introduced during the 

polymerisation. An isotonic medium devoid of 

surfactants can be utilized to re-disperse the nanoparticle 

suspension after ultracentrifugation to remove the 

various stabilisers and surfactants that were employed 

throughout polymerization. 

 

7. Nano spray drying 

A quick, easy, repeatable, and expandable drying method 

known as spray drying provides for moderate ambient 

temperature that are ideal for heat-sensitive 
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biopharmaceutical molecules. In contrast to certain other 

drying techniques, spray drying is a continual process 

that turns various liquids into solid particles while 

providing for alterations in dimension, distribution, 

structure, porosity, density, and chemical properties.  

 

Four steps are involved in spray drying: heating the 

drying gas, producing droplets, drying the droplets, and 

collecting the particles. 

 

8. Supercritical fluid technology 

Although supercritical fluid technology is suitable for 

large-scale production and is ecologically beneficial, it 

requires specialised, expensive gear. Supercritical fluids 

are fluids that, even at temperatures higher than their 

critical temperature, maintain their homogeneity. Due to 

its moderately critical conditions, non-flammability, high 

cost, and safety, supercritical CO2 (SC-CO2) is the 

supercritical fluid that receives the most applications. 

 

Future of nanomedicine and drug delivery system 

Although nanoparticles and nano-drug delivery systems 

are widely understood, their actual impact on the 

healthcare system—including in the treatment and 

diagnosis of cancer—remains quite restricted. In the end, 

the use of nanoparticles will develop along with our 

growing understanding of diseases at the cellular scale or 

that reflect a nanomaterial-subcellular scale equivalent 

biomarker identification to open up new pathways for 

diagnosis and treatment. Therefore, developing 

nanoparticle applications for the future will require 

knowledge of the molecular fingerprints of disease. 

 

Theoretical mathematical models of prediction, 

technologies for the evaluation of these processes, drug 

effect in tissues/cellular level, and the concept of 

controlled release of specific medications at the troubled 

locations are not yet reached their full potential. 

 

Animal experiments and interdisciplinary study, which 

takes a lot of time and money, will yield valuable 

information that might be used in drug therapy and 

diagnostic studies. The search for more accurate 

treatments and diagnoses is an expanding worldwide 

trend, as well as the development of nanoparticles and 

nano-drug delivery system appears to be promising. 

 

The creation of nanorobots and nanodevices that work in 

tissue diagnostic and repair mechanisms with full 

external methods of control has generated a significant 

amount of attention. But just as with their advantages, 

nanomedicines' possible drawbacks must also be 

thoroughly investigated, both for humans and the 

ecosystem as a whole. Therefore, a thorough 

examination of the potential acute or long-term harmful 

consequences of novel nanomaterials on people and the 

environment is necessary. The accessibility of 

nanomedicines would be another topic of study that 

requires more study input as they become more and more 

widespread. 

CONCLUSION 

The application of nanotechnology to medicine, 

particularly more particularly to the administration of 

drugs, is expected to grow quickly. Pharmaceutical 

sciences have used nanoparticles to lessen the toxicity 

and adverse effects of drugs for many years. It wasn't 

known until recent that the carrier systems itself could 

present dangers to the patient. Further than the typical 

risks given by compounds in delivery matrix, new risks 

are added by the use of nanoparticles for medication 

administration. Unfortunately, there is currently no 

scientific framework for the potential (adverse) reaction 

of nanoparticles, and we know very little about the 

fundamentals of how nanoparticles react with living 

organisms, tissues, and animals. 

 

For the future development and application of 

sustainable nanomaterials in medication delivery, a 

conceptual understanding of biological responses to 

nanoparticles is required. In order to advance this topic, 

strong cooperation between individuals involved in 

particle toxicology and drug delivery is required for the 

exchange of ideas, techniques, and knowledge. 

 

Author’s Contribution 

All authors have equal contribution on conceptual 

writing of the paper. 

 

ACKNOWLEDGEMENT 

The authors would like to thanks. 

 

REFERENCES 

1. Zhang J, Saltzman M. Engineering biodegradable 

nanoparticles for drug and gene delivery. Chemical 

Engineering Progress, 2013 Mar; 109(3): 25. 

2. Lombardo D, Kiselev MA, Caccamo MT. Smart 

nanoparticles for drug delivery application: 

development of versatile nanocarrier platforms in 

biotechnology and nanomedicine. Journal of 

Nanomaterials, 2019 Feb 27; 2019. 

3. Werner M, Auth T, Beales PA, Fleury JB, Höök F, 

Kress H, Van Lehn RC, Müller M, Petrov EP, 

Sarkisov L, Sommer JU. Nanomaterial interactions 

with biomembranes: Bridging the gap between soft 

matter models and biological context. 

Biointerphases, 2018 Apr 3; 13(2): 028501. 

4. Amiot CL, Xu S, Liang S, Pan L, Zhao JX. Near-

infrared fluorescent materials for sensing of 

biological targets. Sensors, 2008 May 8; 8(5):         

3082-105. 

5. Probst CE, Zrazhevskiy P, Bagalkot V, Gao X. 

Quantum dots as a platform for nanoparticle drug 

delivery vehicle design. Advanced drug delivery 

reviews, 2013 May 1; 65(5): 703-18. 

6. Matea CT, Mocan T, Tabaran F, Pop T, Mosteanu 

O, Puia C, Iancu C, Mocan L. Quantum dots in 

imaging, drug delivery and sensor applications. 

International journal of nanomedicine, 2017; 12: 

5421. 

http://www.wjpls.org/


www.wjpls.org         │        Vol 10, Issue 4, 2024.         │          ISO 9001:2015 Certified Journal         │ 

 

114 

Sarvan et al.                                                                                      World Journal of Pharmaceutical and Life Science 

7. Daou TJ, Li L, Reiss P, Josserand V, Texier I. Effect 

of poly (ethylene glycol) length on the in vivo 

behavior of coated quantum dots. Langmuir, 2009 

Mar 3; 25(5): 3040-4. 

8. Yao J, Li P, Li L, Yang M. Biochemistry and 

biomedicine of quantum dots: from biodetection to 

bioimaging, drug discovery, diagnostics, and 

therapy. Acta biomaterialia, 2018 Jul 1; 74: 36-55. 

9. Kherlopian AR, Song T, Duan Q, Neimark MA, Po 

MJ, Gohagan JK, Laine AF. A review of imaging 

techniques for systems biology. BMC systems 

biology, 2008 Dec; 2(1): 1-8. 

10. Ghosh P, Han G, De M, Kim CK, Rotello VM. Gold 

nanoparticles in delivery applications. Advanced 

drug delivery reviews, 2008 Aug 17; 60(11):         

1307-15. 

11. Loo C, Lowery A, Halas NJ. J. West and R. Drezek. 

Nano Lett., 2005; 5: 709. 

12. Reilly RM. Carbon nanotubes: potential benefits and 

risks of nanotechnology in nuclear medicine. Journal 

of Nuclear Medicine, 2007 Jul 1; 48(7): 1039-42. 

13. Saad MZ, Jahan R, Bagul U. Nanopharmaceuticals: 

a new perspective of drug delivery system. Asian 

Journal of Biomedical and Pharmaceutical Sciences, 

2012 Jan 1; 2(14): 11. 

14. Xu ZP, Zeng QH, Lu GQ, Yu AB. Inorganic 

nanoparticles as carriers for efficient cellular 

delivery. Chemical Engineering Science, 2006 Feb 

1; 61(3): 1027-40. 

15. Cuenca AG, Jiang H, Hochwald SN, Delano M, 

Cance WG, Grobmyer SR. Emerging implications of 

nanotechnology on cancer diagnostics and 

therapeutics. Cancer, 2006 Aug 1; 107(3): 459-66. 

16. Karlsson J, Vaughan HJ, Green JJ. Biodegradable 

polymeric nanoparticles for therapeutic cancer 

treatments. Annual review of chemical and 

biomolecular engineering, 2018 Jun 6; 9: 105. 

17. Elsabahy M, Wooley KL. Design of polymeric 

nanoparticles for biomedical delivery applications. 

Chemical Society Reviews, 2012; 41(7): 2545-61. 

18. Tyler B, Gullotti D, Mangraviti A, Utsuki T, Brem 

H. Polylactic acid (PLA) controlled delivery carriers 

for biomedical applications. Advanced drug delivery 

reviews, 2016 Dec 15; 107: 163-75. 

19. Cho H, Gao J, Kwon GS. PEG-b-PLA micelles and 

PLGA-b-PEG-b-PLGA sol–gels for drug delivery. 

Journal of Controlled Release, 2016 Oct 28; 240: 

191-201. 

20. Yoo HS, Park TG. Biodegradable polymeric 

micelles composed of doxorubicin conjugated 

PLGA–PEG block copolymer. Journal of controlled 

Release, 2001 Jan 29; 70(1-2): 63-70. 

21. Vu-Quang H, Vinding MS, Nielsen T, Ullisch MG, 

Nielsen NC, Kjems J. Theranostic tumor targeted 

nanoparticles combining drug delivery with dual 

near infrared and 19F magnetic resonance imaging 

modalities. Nanomedicine: Nanotechnology, 

Biology and Medicine, 2016 Oct 1; 12(7): 1873-84. 

22. ud Din F, Aman W, Ullah I, Qureshi OS, Mustapha 

O, Shafique S, Zeb A. Effective use of nanocarriers 

as drug delivery systems for the treatment of 

selected tumors. International journal of 

nanomedicine, 2017; 12: 7291. 

23. Jiang GB, Quan D, Liao K, Wang H. Preparation of 

polymeric micelles based on chitosan bearing a 

small amount of highly hydrophobic groups. 

Carbohydrate Polymers, 2006 Nov 23; 66(4):         

514-20. 

24. Immordino ML, Dosio F, Cattel L. Stealth 

liposomes: review of the basic science, rationale, 

and clinical applications, existing and potential. 

International journal of nanomedicine, 2006; 1(3): 

297. 

25. Sackmann E. Physical basis of self-organization and 

function of membranes: physics of vesicles. 

Handbook of biological physics, 1995 Jan 1; 1:          

213-304. 

26. Lombardo D, Calandra P, Caccamo MT, Magazù S, 

Pasqua L, Kiselev MA. Interdisciplinary approaches 

to the study of biological membranes. AIMS 

Biophysics, 2020; 7(4): 267-90. 

27. Torchilin VP. Recent advances with liposomes as 

pharmaceutical carriers. Nature reviews Drug 

discovery, 2005 Feb; 4(2): 145-60. 

28. Nekkanti V, Kalepu S. Recent advances in 

liposomal drug delivery: a review. Pharmaceutical 

nanotechnology, 2015 Mar 1; 3(1): 35-55. 

29. Harris JM, Martin NE, Modi M. Pegylation. Clinical 

pharmacokinetics, 2001 Jul; 40(7): 539-51. 

30. Moghimi SM, Hunter AC, Murray JC. 

Nanomedicine: current status and future prospects. 

The FASEB journal, 2005 Mar; 19(3): 311-30. 

31. Duncan R, Izzo L. Dendrimer biocompatibility and 

toxicity. Advanced drug delivery reviews, 2005 Dec 

14; 57(15): 2215-37. 

32. Lombardo D. Liquid-like ordering of negatively 

charged poly (amidoamine)(PAMAM) dendrimers 

in solution. Langmuir, 2009 Mar 3; 25(5): 3271-5. 

33. D. Lombardo, ―Modeling dendrimers charge 

interaction in solution: relevance in biosystems,‖ 

Biochemistry Research International, vol. 2014, 

Article ID 837651, 10 pages, 2014. 

34. Liu J, Gray WD, Davis ME, Luo Y. Peptide-and 

saccharide-conjugated dendrimers for targeted drug 

delivery: a concise review. Interface Focus, 2012 

Jun 6; 2(3): 307-24. 

35. Kayser O, Lemke A, Hernandez-Trejo N. The 

impact of nanobiotechnology on the development of 

new drug delivery systems. Current pharmaceutical 

biotechnology, 2005 Feb 1; 6(1): 3-5. 

36. Yang SC, Lu LF, Cai Y, Zhu JB, Liang BW, Yang 

CZ. Body distribution in mice of intravenously 

injected camptothecin solid lipid nanoparticles and 

targeting effect on brain. Journal of controlled 

release, 1999 Jun 2; 59(3): 299-307. 

37. Singh KK, Vingkar SK. Formulation, antimalarial 

activity and biodistribution of oral lipid 

nanoemulsion of primaquine. International Journal 

of Pharmaceutics, 2008 Jan 22; 347(1-2): 136-43. 

http://www.wjpls.org/


www.wjpls.org         │        Vol 10, Issue 4, 2024.         │          ISO 9001:2015 Certified Journal         │ 

 

115 

Sarvan et al.                                                                                      World Journal of Pharmaceutical and Life Science 

38. Cai Z, Wang Y, Zhu LJ, Liu ZQ. Nanocarriers: a 

general strategy for enhancement of oral 

bioavailability of poorly absorbed or pre-

systemically metabolized drugs. Current Drug 

Metabolism, 2010 Feb 1; 11(2): 197-207. 

39. Sosnik A. Alginate particles as platform for drug 

delivery by the oral route: state-of-the-art. 

International Scholarly Research Notices, 2014; 

2014. 

40. Patil NH, Devarajan PV. Insulin-loaded alginic acid 

nanoparticles for sublingual delivery. Drug delivery, 

2016 Feb 12; 23(2): 429-36. 

41. Jung T, Kamm W, Breitenbach A, Kaiserling E, 

Xiao JX, Kissel T. Biodegradable nanoparticles for 

oral delivery of peptides: is there a role for polymers 

to affect mucosal uptake?. European journal of 

pharmaceutics and biopharmaceutics, 2000 Jul 3; 

50(1): 147-60. 

42. Halder A, Shukla D, Das S, Roy P, Mukherjee A, 

Saha B. Lactoferrin-modified Betulinic Acid-loaded 

PLGA nanoparticles are strong anti-leishmanials. 

Cytokine, 2018 Oct 1; 110: 412-5. 

43. Kwon HY, Lee JY, Choi SW, Jang Y, Kim JH. 

Preparation of PLGA nanoparticles containing 

estrogen by emulsification–diffusion method. 

Colloids and Surfaces A: Physicochemical and 

Engineering Aspects, 2001 Jun 30; 182(1-3):            

123-30. 

44. Hong JS, Srivastava D, Lee I. Fabrication of poly 

(lactic acid) nano‐and microparticles using a 

nanomixer via nanoprecipitation or emulsion 

diffusion. Journal of Applied Polymer Science, 2018 

May 10; 135(18): 46199. 

45. Bhatia S. Nanoparticles types, classification, 

characterization, fabrication methods and drug 

delivery applications. InNatural polymer drug 

delivery systems 2016 (pp. 33-93). Springer, Cham. 

46. Ubrich N, Bouillot P, Pellerin C, Hoffman M, 

Maincent P. Preparation and characterization of 

propranolol hydrochloride nanoparticles: a 

comparative study. Journal of controlled release, 

2004 Jun 18; 97(2): 291-300. 

47. Gharehbeglou P, Jafari SM, Homayouni A, 

Hamishekar H, Mirzaei H. Fabrication of double 

W1/O/W2 nano-emulsions loaded with oleuropein 

in the internal phase (W1) and evaluation of their 

release rate. Food Hydrocolloids, 2019 Apr 1; 89: 

44-55. 

48. Sundar S, Kundu J, Kundu SC. Biopolymeric 

nanoparticles. Science and Technology of Advanced 

Materials, 2010 Feb 26. 

49. López-López M, Fernández-Delgado A, Moyá ML, 

Blanco-Arévalo D, Carrera C, de la Haba RR, 

Ventosa A, Bernal E, López-Cornejo P. Optimized 

preparation of levofloxacin loaded polymeric 

nanoparticles. Pharmaceutics, 2019 Jan 30; 11(2): 

57. 

50. Divya K, Jisha MS. Chitosan nanoparticles 

preparation and applications. Environmental 

chemistry letters, 2018 Mar; 16(1): 101-12. 

51. Chen D, Han S, Zhu Y, Hu F, Wei Y, Wang G. 

Kidney-targeted drug delivery via rhein-loaded 

polyethyleneglycol-co-polycaprolactone-co-

polyethylenimine nanoparticles for diabetic 

nephropathy therapy. International journal of 

nanomedicine, 2018; 13: 3507. 

52. Hawkins M, Saha S, Ravindran E, Rathnayake H. A 

sol–gel polymerization method for creating 

nanoporous polyimide silsesquioxane nanostructures 

as soft dielectric materials. Journal of Polymer 

Science Part A: Polymer Chemistry, 2019 Feb 15; 

57(4): 562-71. 

53. Arpagaus C, Collenberg A, Rütti D, Assadpour E, 

Jafari SM. Nano spray drying for encapsulation of 

pharmaceuticals. International journal of 

pharmaceutics, 2018 Jul 30; 546(1-2): 194-214. 

54. Sun YP, Meziani MJ, Pathak P, Qu L. Polymeric 

nanoparticles from rapid expansion of supercritical 

fluid solution. Chemistry–A European Journal, 2005 

Feb 18; 11(5): 1366-73. 

http://www.wjpls.org/

