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ABSTRACT 
The use of nanotechnology in the medical world offers many exciting possibilities. Many 

techniques are being used today while others are at various stages of testing and research is 

still going on every day. Nanotechnology within the field of drugs involves applications of 

nanoparticles which are currently under development, and research that involves the 

utilization of manufactured nanocapsules to form repairs at the cellular level, and is 

sometimes referred to as nanomedicine. The applications of nanotechnology in medicine 

could create a remarkable change in the diagnosis and treatment of disease in the future. 

Nanocapsules are having exciting applications not only in medicine, but also in other fields. 

This review was aimed to highlight the important aspects of nanocapsules. 
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INTRODUCTION 

Nanoparticles are solid, submicron-sized drug carriers that can be either 

biodegradable or non biodegradable (Patrick Couvreur, Dubernet, and 

Puisieux 1995). The term nanoparticle is a combination name of both 

nanospheres and nanocapsules. Nanospheres have a matrix type of structure. 

Drugs may be encapsulated within the particle or absorbed at the sphere 

surface. Nanocapsules are vesicular that the drug is confined to a cavity 

consisting of an inner liquid core surrounded by a polymeric membrane (P. 

Couvreur 1988). The active substances are usually dissolved in the inner core 

but may also be adsorbed to the capsule surface (Eric Allemann, Gurny, and 

Doelker 1993). 

 

Nanocapsules are used as drug delivery systems for several drugs by different 

ways of administrations such as oral and parental, lessen the toxicity of drugs, 

improve the stability of the drug (Leite et al. 2007). Nanocapsules are seen as 

active vectors because of  their capacity to release drugs; their subcellular size 

allows higher intracellular vectors. They can also improve the stability of 

active substances (Ourique et al. 2008). Nano-encapsulated systems include 

high drug encapsulation efficiency due to optimized drug solubility in the 

core, low polymer content when, drug polymeric shell protection against 

degradation factors like pH and light and the reduction of tissue irritation due 

to the polymeric shell (Anton, Benoit, and Saulnier 2008). Nanoparticles are 

under the spotlight for the delivery of therapeutic drugs. The review 

emphasizes the methods of preparation of nanoparticles and their application. 

The extremely small size of nanoparticles offers distinct advantages over 

microparticles, including  higher intracellular uptake compared with 

microparticles. In intestinal uptake, nanoparticle nature and charge properties 

seem to influence the uptake by intestinal epithelia (Soppimath et al. 2001). 

 

Methods of preparation of nanocapsules 

There exist six methods for the nanocapsules preparation: nanoprecipitation, 

emulsion–diffusion, double emulsification, emulsion-coacervation, polymer-

coating and layer by-layer method. 

 

Nanoprecipitation 

Nanoprecipitation, also known as solvent displacement method is composed of 

the precipitation of a preformed polymer from an organic solution and the 

diffusion of the organic solvent within an aqueous medium(Fessi et al. 

1989)(Barichello et al. 1999)(Galindo-Rodriguez et al. 2004)(Ganachaud and 

Katz 2005). Precipitation of nanospheres  is due to the polymer dissolving in a 

solvent of intermediate polarity. This phase is injected into an aqueous 

solution that contains a stabilizer as a surfactant. Polymer deposition on the 

interface between the water and the organic solvent, caused due to fast 

diffusion of the solvent, can result in fast formation of a colloidal suspension 

(Quintanar-Guerrero et al. 1998). To help with that, phase separation is 

performed with another solvent that is also a non solvent of the polymer 

(Vauthier et al. 2003). The solvent displacement technique allows the 

preparation of nanocapsules when a minimal volume of nontoxic oil is 

incorporated in the organic phase. High loading efficiencies are usually 

reported for lipophilic drugs when the nanocapsules are prepared (Dimitrova, 
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Ivanov, and Nakache 1988). However, this technique’s effectiveness is 

restricted to water-miscible solvents, in which the diffusion rate is enough to 

produce spontaneous emulsification. Spontaneous emulsification is not 

observed if the coalescence rate of the formed droplets is sufficiently high 

even when some water-miscible solvents produce a certain instability when 

mixed in water (Wehrle, Magenheim, and Benita 1995).  Even though 

acetone/dichloromethane (ICH, class 2) are employed to dissolve and increase 

the entrapment of medicine, the dichloromethane causes increase in mean 

particle size (Nemati 1996) and is considered toxic. This method can be 

applied to lipophilic drugs because of the solubility of the solvent with the 

aqueous phase, and it is not an efficient means to encapsulate water-soluble 

drugs. This method is applied to various polymeric materials such as PLGA36, 

PLA43, PCL44, and poly (methyl vinyl ether-comaleic anhydride) 

(Molpeceres et al. 1996)(Irache et al. 2005). This technique has been well 

adapted for the incorporation of cyclosporin A, because entrapment 

efficiencies of  98% were achieved (Arbós et al. 2002). By using the solvent 

displacement method,  highly loaded nanoparticulate systems supported 

amphiphilic cyclodextrins were prepared to facilitate the parenteral 

administration of the poorly soluble antifungal drugs Bifonazole and 

Clotrimazole(E. Allemann 1998). 

 

Emulsification Solvent Diffusion 
The preparation of chitosan nanoparticles by emulsification solvent diffusion 

technology is dependant on the crosslinking between the reactive functional 

amine groups of chitosan and aldehyde groups, and the partial miscibility of 

an organic solvent with water. Formaldehyde and glutaraldehyde were widely 

used as cross-linkers for the preparation of chitosan particles. More Recently, 

to avoid the toxicity of glutaraldehyde and formaldehyde vanillin was also 

used as cross-linkers for the preparation of chitosan particles. Vanillin isolated 

from vanilla pods is widely used in industries such as food, beverage and 

cosmetic as an important flavouring agent (Memişoğlu et al. 2003). This 

method involves the injection of an organic phase into a chitosan solution 

composed of a stabilizing agent under high shearing force, followed by a 

homogenization under high pressure (Converti et al. 2010)(El-Shabouri 2002). 

Then a large amount of water was poured to overcome the organic solvent 

miscibility in water. Upon the diffusion of organic solvent into water, polymer 

precipitation occurs, which subsequently causes the formation of NPs. A high 

percentage of drug entrapment could be achieved by this method and is well 

suited for hydrophobic drugs. But it needs the use of organic solvents and high 

shearing forces. 

 

Double emulsification method 

Double emulsions are complex heterodisperse systems called ―emulsions of 

emulsions‖, that can be classified into two major types: water-oil-water 

emulsion and oil-water-oil emulsion (Nagarwal et al. 2009)(Garti 1997). The 

dispersed phase is itself an emulsion and the inner dispersed droplet is 

separated from the outer liquid phase by a layer of another phase. Double 

emulsions are prepared in a two-step emulsification process using two 

surfactants: a hydrophobic one to stabilize the interface of the internal 

emulsion and a hydrophilic one to stabilize the external interface of the oil 
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globules for water-oil-water emulsions. The principle of double emulsion 

formation, specifically of the water-oil-water emulsion type, is associated with 

the principles of both nanoprecipitation and emulsion–diffusion methods.  

Here, in the primary w/o emulsion the oil is replaced by an organic phase 

composed of a solvent that is totally or partially miscible in water, the film-

formed polymer and a water-oil surfactant. The water which has a stabilizing 

agent is added to the system to obtain the water in organic emulsion. However 

in this step, particle hardening is obtained through solvent diffusion and 

polymer precipitation (Bilati, Allémann, and Doelker 2005)(Khoee and 

Yaghoobian 2009). Water is added to the double emulsion in order to achieve 

full solvent diffusion. Surfactants play a dual role in emulsions: as a film 

former and a barrier to drug release at the internal interface, and as a steric 

stabilizer on the external interface. It was found that drug encapsulation 

efficiency and average particle size are affected by changing the type and 

concentration of both the w/o emulsion and the stabilizing agent. On preparing 

the nanocapsules by double emulsification method, the primary emulsion is 

formed by ultrasound and the water-oil surfactant stabilizes the interface of the 

water-oil internal emulsion. The second emulsion is also formed by ultrasound 

and nanocapsule dispersion is stabilized by adding the stabilizing agent. In the 

last step, the solvents are removed by evaporation or extraction by vacuum, 

leaving hardened nanocapsules in an aqueous medium.  

 

Layer-by-Layer 

The Layer-by-Layer self-assembly method has many advantages for making 

thin polymeric layers on surfaces and hence capsules. This method is easy and 

cheap and is capable of employing various different materials. The basic 

principle of the Layer-by-Layer (LbL) method is to utilise electrostatic 

interactions between oppositely charged polyelectrolytes, or other materials, to 

fabricate thin uniform multilayers onto the original substrates. In 1941, 

Langmuir discussed the idea of adsorption of ions onto a surface to form a 

single layer, and also demonstrated the experiment by adsorbing a single layer 

of thorium ions onto a monomolecular layer of barium stearate(Ariga et al. 

2019). In the 1960s, Iler utilised this strategy to build up alternating layers of 

positively charged alumina fibrils and negatively charged silica colloids onto 

smooth glass surfaces (Iler 1966). In the early 1990s, Decher and colleagues 

exploited this method and prepared multilayers of thin films by immersing a 

charged planar surface (silicon wafer or quartz) alternately into anionic and 

cationic polyelectrolyte or bipolar ampholyte solutions (G. Decher and Hong 

1991)(G. Decher and Hong 1991). They used macroscopic planar silicon 

wafers and quartz surfaces, which are negatively charged, as the templates, 

and immersed the substrate initially into a solution containing a cationic 

polyelectrolyte. After that, a monolayer of polyelectrolyte was found to be 

adsorbed onto the surface of the solid. After rinsing, the solid was then 

immersed into another solution with an anionic polyelectrolyte. Again a 

monolayer was absorbed and the original surface charge was restored (Gero 

Decher et al. 1991). 

 

Emulsion-coacervation method 

The emulsion-coacervation process is mainly presented for nanocapsules 

preparation from naturally occurring polymeric materials. Till now, sodium 
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alginate and gelatin have been used though synthetic polymeric materials 

could be used for this purpose. The procedure involves the o/w emulsification 

of an organic phase with an aqueous phase by just stirring or using ultrasound. 

A coacervation process is then performed with the help of either electrolytes 

with a sodium alginate–calcium chloride system, by adding a water miscible 

non-solvent (Lertsutthiwong et al. 2008) or a dehydration agent with a gelatin–

isopropanol–sodium sulfate system (Krause and Rohdewald 1985) or by 

temperature modification with the application of triblock terpolymer in gold 

nanocapsule synthesis (Lutter et al. 2008). Finally, the coacervation process is 

complemented with extra crosslinked steps that allows it to obtain a rigid 

nanocapsule shell structure. 

 

Polymer-coating method 

Prego et al. proposed a method called polymer coating in which the first step 

is to prepare the nanoemulsion template and then coat it by polymer deposition 

on the water/oil nanoemulsion surface. The polymers are added in the 

continuous phase and their precipitation onto the nanoemulsion droplets is 

triggered by solvent evaporation, as opposed to the emulsion coacervation 

method. In their procedure, they start from an organic phase composed of the 

active substance, oil, surfactant (lecithin) and acetone as solvent; an aqueous 

phase containing the stabilizing agent and an aqueous polymer-coating 

solution. The organic and aqueous phases are mixed under moderate stirring 

and the o/w nanoemulsion is formed by solvent displacement. The solvents are 

subjected to evaporation under vacuum till it reaches a specific volume. 

Finally nanoemulsion is coated by the polymer by simple incubation in the 

polymer solution (Prego et al. 2006). 

 

Drug Release 

The goal of pursuing nanotechnology is to deliver drugs, and subsequently 

understanding the manner and extent to which the drug molecules are released 

is important. Majority of the release methods require that the drug and its 

delivery vehicle should be separated. The drug loading of the nanoparticles is 

defined as the amount of drug bound per mass of polymer, which is usually 

expressed as moles of drug/ mg polymer or mg drug / mg polymer. This 

analysis utilizes either classical analytical methods like UV spectroscopy or 

high performance liquid chromatography (HPLC) after ultracentrifugation, 

ultrafiltration, gel filtration, or centrifugal ultrafiltration. Quantification is 

performed with the UV spectroscopy or HPLC. Drug release assays are also 

similar to drug loading assay which is assessed for a period of time to analyze 

the mechanism of drug release (Kreuter 1983)(Magenheim, Levy, and Benita 

1993).  

 

Applications: 

Drug delivery 

Nanocapsules can be coated with an antibody on the surface, and is carried 

along the bloodstream directed to an induced tumor. After reaching the tumor, 

the capsules open up in a blast and discharge their therapeutic contents. On the 

surface of the polymer, there are tiny gold particles in the range of 6 nm which 

stick across and are specific to the laser light and lead the capsules to locate 

their drug load capacity at the desired time. The near infrared light causes 

https://paperpile.com/c/iYqwt8/8QOq
https://paperpile.com/c/iYqwt8/xRdX
https://paperpile.com/c/iYqwt8/s11r
https://paperpile.com/c/iYqwt8/KTWQ
https://paperpile.com/c/iYqwt8/t10d
https://paperpile.com/c/iYqwt8/t10d
https://paperpile.com/c/iYqwt8/t10d
https://paperpile.com/c/iYqwt8/t10d


COMPETITIVE STRATEGY MODEL AND ITS IMPACT ON MICRO BUSINESS UNITOF LOCAL DEVELOPMENT BANKSIN JAWA PJAEE, 17 (7) (2020) 
 

1708 
 

rupturing of the capsule when it hits the gold spots and they undergo 

instantaneous melting with no harm to the content. 

 

Oral delivery of peptides and proteins 

Nanocapsules are used as carriers for oral administration of peptides and 

proteins, particularly biodegradable nanocapsules (Puglisi et al. 1995). 

However, the development of suitable carriers remains as a challenge due to 

the characteristic bioavailability of these molecules. Gastrointestinal barriers 

of the epithelium and by their degradation of digestive enzymes restrict the 

molecules. Using the technique of encapsulation which provides the bioactive 

molecules from enzymatic and hydrolytic degradation e.g., the loaded insulin 

nanoparticles, the impact has been observed in diabetic rats following the oral 

administration. (Hildebrand and Tack 2000).  

 

Treatment of cancer 

The study of Jack et al (2008) showed that specific siRNAs encapsulated in 

nanocapsules can be used to target estrogen receptor alpha (ERα). There is a 

significant decrease in tumour growth and ERα expression in tumour cells. by 

the intravenous injection of these nanocapsules into estradiol stimulated MCF-

7 cell xenografts. This indicates that a novel strategy, based on ERα−siRNA 

delivery, could be developed for the treatment of hormone dependent breast 

cancers (Damgé et al. 1990). 

 

Food Science and agriculture 

The spherical bilayer vesicles liposome form the dispersion of polar lipids in 

hydrophilic solvents. They are very efficient drug delivery vehicles by 

protecting most reactive and sensitive compounds immediate to release. 

Liposomal entrapment has resulted in the stabilization of encapsulated 

therapeutic materials against the wide range of chemical and environmental 

changes, including their enzymatic and chemical modifications, as well as 

changes in buffering against the levels of extreme pH, conditions of 

temperature, and the ionic strength. 

 

Diagnosis and bioimaging 

A number of molecular imaging techniques are available, such as optical 

imaging (OI), magnetic resonance imaging (MRI), ultrasound imaging (USI), 

positron emission tomography (PET) and others have been reported for 

imaging of in vitro and in vivo biological specimens (Margolis et al. 

2007)(Weissleder 2002). The current development of luminescent and 

magnetic nanoparticles advances bio imaging technologies (Sharma et al. 

2006).  For imaging two different types of nanoparticles have been widely 

used: luminescent nanoprobes for OI and magnetic nanoparticles for MRI.  

 

Future opportunities and challenges 

There exists numerous challenges in developing the following techniques: 

Virus-like systems for intracellular systems, Architecting of biomimetic 

polymers, control of sensitive drugs, functions of active drug targeting, 

bioresponsive triggered systems, systems interacting with smart delivery, 

nanochips for nanoparticle release, carriers for advanced polymers for the 

delivery of therapeutic peptide / proteins. Drug delivery techniques were 
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developed to deliver or control the rate and amount of delivery. Major 

scientific research programmes aimed at  drug delivery are focussed on 

formulations and dispersion containing components down to nano sizes (Patra 

et al. 2018)(Chatterjee et al. 2019). 

 

CONCLUSION 

There are remarkable applications for nanocapsules in the fields of 

agrochemicals, wastewater treatments, genetic engineering, cleaning products, 

cosmetics as well as in adhesive components. Nanocapsules are also used in 

encapsulation of enzymes, adhesives, catalysts, polymers, oils, inorganic 

micro and nanoparticles, latex particles, and even the biological cells. To 

conclude, nanocapsules can be exploited in the delivery of active 

pharmaceutical ingredients. They provide novel effective drug delivery 

systems in the up-coming future. 
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