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Abstract
This is the second part of a review on Nanotechnology Fabricated Drug Delivery Devises. In the earlier paper (Part 1),
deals with the characterization, creation, and utilization of materials. In this paper (Part 2), nanoemulsions as emerging
trends for drug delivery. Nano suspensions have emerged as a promising strategy for the efficient delivery of
hydrophobic drugs because of their versatile features and unique advantages. Techniques such as media milling and
high-pressure homogenization have been used commercially for producing nanosuspensions. Recently, the engineering
of nanosuspensions employing emulsions and micro emulsions as templates has been addressed in the literature.
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Introduction
Nanotechnology is manipulation

of characteristics of materials such as drugs for fabrication of nanoemulsions is

able to provide superior drug delivery systems for better

management

and

treatment

of diseases. The

formulation of poorly water-soluble drugs has always been a challenging problem faced by pharmaceutical
scientists and it is expected to increase because approximately 60% or more of the new chemical entities being
generated through drug discovery programmes are poorly water-soluble1. Nano drugemlusion delivery system can
lower systemic drug toxicity, improving treatment absorption rates, and providing protection for drugs against
biochemical degradation. Also to fabricate nanoscale core shell particles, by which poor water soluble drugs can be
effectively dispersed with rather good stability during storage2.
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The problem is even more intense for drugs such as Abacavir and Efavirenz as they are poorly soluble in both
aqueous and organic media. Such drugs often have an erratic absorption profile and highly variable bioavailability because their performance is dissolution-rate limited and is affected by the fed/fasted state of the
patient. Efforts in the 1970s and 1980s allowed rational design bearing in mind the proposed use and pathophysiology
of the disease target3. Study of various methods used to carry the nanoemulsions to the specific targets such as micelles
was done by Nishiyama and Kaooka4. Similarly Heparin-deoxycholic acid chemical conjugate was used as anticancer
drug carrier at nano ranges (180-210 nm) by Kyeongsoon Park et al5. Martha Kalkanidis6 used nanoemulsions based
inert (40 nm) solid carrier beads to which antigen was covalently coupled to deliver vaccines. Jun Watanable et al7
studied about entrapment of compounds into bio compatible nano sized particles and their releasing properties.
Although reasonable success has been achieved in formulating water-insoluble drugs using liposomes8, emulsions9,
microemulsions10, solid dispersion technology11. and inclusion complexes employing cyclodextrins12 , there is no
universal approach applicable to all nanodrug delivery devices. Hence, there is a growing need for a unique
strategy that can tackle the formulation-related problems associated with the delivery of hydrophobic drugs in
order to improve their clinical efficacy and optimize their therapy with respect to pharmacoeconomics.
Nanosuspensions have revealed their potential to tackle the problems associated with the delivery of poorly
water-soluble and poorly water and lipid-soluble drugs, and are unique because of their simplicity and the
advantages they confer over other strategies.
Results and Discussions
Different carrier systems are currently being evaluated including, micro emulsions, dendrimers, sol-gel coatings, or
other porous inorganic materials. Nano materials and devices can be fabricated using either “bottom-up” or “topdown”
fabrication approaches. Controlled drug-delivery strategies have made a dramatic impact in medicine. In general,
controlled release micro emulsions systems deliver drugs in optimum dosage for long periods, thus increasing the
efficacy of the drug, maximizing patient compliance and enhancing the ability to use highly toxic, poorly soluble or
relatively unstable drug. These vehicles can be engineered to recognize biophysical characteristics that are unique to
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the target cells and therefore minimizing drug loss and toxicity associated with delivery to non-desired tissues. In
general, target micro emulsions comprise the drug, the encapsulating material and the surface coating. The
encapsulating material could be made from biodegradable micro emulsions, dendrimes orliposomes. Controlled
release of encapsulation material is achieved by the release of encapsulated drugs through surface or bulk erosion,
diffusion, or triggered by the external environment, such as change in pH, light, temperature or by the presence of
analytes such as glucose14. Controlled release of biodegradable micro emulsions can be syntheized from wide variety
of polymers including poly lactic acid, poly glycolic acid, poly lactico-glycolic acid, polyanhydride. Since poly
glycolic acid is more susceptible to hydrolysis than poly lactic acid, by changing the ratio of these two components, copolymers can be synthesized with various degradation rates. We have to look into the areas of improving the properties
of the materials such as bio compatibility, degradation rate and control over the size and homogeneity of the resulting
micro emulsions.
Method of Fabrication
The method employed for the fabrication of micro emulsions depends on the type and the desired
properties of the nanostructure to be produced. Methods of preparing of polymeric nanoparticles have been reviewed13
& 14

and they include ionic gelation, coacervation, solvent evaporation, spontaneous lsification/ solvent diffusion,

salting out/emulsification-diffusion, supercritical fluid technology and polymerization. Depending on the materials
utilized,

such as phospholipids and glycolipids, the desired liposome structure can be prepared by sonication,

electroformation, extrusion from diluted
evaporation, gel

exclusion

lamellar

chromatography,

dispersions,

high-shear homogenization, reverse-phase

freeze- lyophilization, calcium-induced fusion, detergent dialysis and

racentrifugation62-65.Syntheses of dendrimers include the use of Tomalia’s divergent growth

approach,

convergent growth approach, and orthogonal coupling strategy15&16 while solid lipid nanoparticles are prepared by
high shear homogenization, ultrasound

dispersion technique,

emulsification/evaporation, microemulsion and solvent diffusion
include dialysis, solution-casting, direct dissolution,
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interfacial polymerization. Nanoemulsions are prepared by spontaneous

emulsification, high pressure and ultrasonic homogenization. Ceramic nanoparticles are produced by template.
Controllability of Nano-Drug
Nano-drug interactions with nano-carrier and made to be the controlled-release formulations with appropriate
methods. When drug-carrier complex enter into the body, the drug is slowly released out of nanoparticles at the
constant speed automatically in the scheduled time through the leaching, infiltration and proliferation or dissolution and
act on the specific organ, tissue and cell. In addition, the nano-carriers prevent drug be degraded by various enzyme,
extends the effective time of drugs. At the same time this controlled-release nano-drug can reduce the peak
phenomenon of blood concentration, reduce side effects and improve efficacy. Mainly through diffusion control,
chemical control, solvent control and other methods to achieve the purpose of controlled release of drug. Generally
speaking, a controlled-release preparation has two or more controlled-release mechanisms.
Diffusion-Controlled Release Drugs or other biologically active substances are combined with carriers; the drug is
released in a certain time and at a certain rate to the environment through diffusion. Diffusion controlled is the
most common mechanism in the controlled release of drug delivery system, especially the nondegradable polymers
carriers; the drug is mainly through this way released. In a biodegradable polymer carriers, where material
degradation rate is slower than the diffusion of drug, diffusion of the drug still play a leading role in the release.
There are many factors impact the diffusion controlled release, such as geometric designs of system, condition and
quality of ambient medium, the character and structure of the host materials, the solubility and loading amount of the
drug 19.
Chemical-Controlled Release Through hydrolysis, zymohydrolysis and other chemical reactions, chemical controlled
release system control the rate of drug release. According to the role of drug and substrate, mechanism of release,
Chemical controlled system can be divided into degradable system and side-chain system. Degradable system:
the biological activity drugs is embedded or dispersed in biodegradable polymer, but there is no chemical bonding
effects between drug and polymer, the rate of drug release is controlled by the rate of polymer degradation and
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erosion. The material of drug carrier is mainly include of biodegradable poly vinegar (such as poly lactic acid, poly
caprolactone with vinegar), poly polysaccharide (such as chitosan, gelatin), and so on. These materials is non-toxic,
and the ultimate metabolites can be discharged in vitro or absorbed by organism, through regulating the rate of
polymer degradation or dissolution to controll the release of drug on a specific location within regular hour. In these
systems, the rate of polymer degradation or dissolution mainly influence the rate of drug’s release, but the speed of
degradation or dissolution also has an important relationship with the quality of the polymer (such as polymer
molecular weight, crystallinity, the hydrophilic property and hydrophobicity,etc.), many researchers controlled and
regulated the rate of degradation or dissolution material with chemical or physical methods such as reshaping,
modification, blending to the polymer, further regulate the speed of drug release. But the nature of drug is also an
important factor of the drug’s release20 . The side-chain system of drug carrier may be degradable type or
nondegradable type. Through the chemical bond that can be hydrolyzed or enzymolied, drugs in the side-chain
system can be connected to the primary chain or side chain (side chain can be used to change the drug’s release rate)
of polymer. The release of drug is controlled through hydrolysis or enzymolysis. Qing21 used bovine serum albumin
(BSA) as the model drug, at first, the nanoparticles containing proteins were obtained by absorbing BSA from the
solution onto the surface of nano scale SiO2, then, PLGA micro sphere loading the solid nanoparticles were fabricated
with the solid-in-oil-in-water emulsion method. Study found with the increasing of the mass fraction of BSA in the
product of adsorption, the rate of solvent controlled release of BSA is faster. The main mechanism of drug release is
the diffusion of drugs and the degradation of the polymer. In the release process, the BSA that was on the surface of
micro spheres was first diffused and formed pores. It was conducive to the diffusion of the BSA in the inner layer.
Water also could go into the microspheres and resulted in the degradation of microspheres. Microspheres that
loaded more drugs diffused more BSA in the early period and also the pores that formed were more and larger, the
degradation of the microspheres is faster in the late period, so release of BSA was faster. Yang22 prepared microspheres
that containing antiphthisic drug Rifampin was prepared from poly lactic glycolic acid (PLGA) as carrier by
emulsion and solvent evaporation method. In vitro experiment of release, investigated the performance of PLGA
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microspheres that was as a carrier of drug delivery. The release time of rifampicin in the PLGA microspheres was more
than 30 days, and there was no obvious phenomenon of sudden release. But the release of the mass fraction of
rifampicin without microspheroidization was up to 96% in 10 minutes. At the same time, they found PLGA molecular
weight and the LLA / GA mass ratio had significant impact on the time of the release23

& 24

. Because the rate of

degradation of low molecular weight PLGA was significantly higher than that of high molecular
weight and in the PLGA copolymer, with the GA mass increasing, hydrophilicity of PLGA enhanced, the degradation
significantly speed up. While the rate of the drug’s release was mainly controlled by the degradable rate, so with
the reducing of PLGA molecular weight and LLA/GA mass ratio, the release of rifampicin speed up. The drug release
was simultaneously controlled by drug-diffusion and degradation of carrier material, but in this system, degradation
played a decisive role in the mechanism of control. Observed the surface morphology of the degradation rifampicinPLGA microspheres, they found the surface and inside of microspheres appeared large holes, spherical shape almost
disappeared, the red faded and turned to white. These result showed that in early period the drug’s release was out of
carrier materials only through the drug’s diffusion and dissolution, with the drug release time prolonging, the mass
fraction of the unit of drugs in microspheres reduced, lead to the release rate of drug that diffusion and degradation decrease, however, with the carrier material degrading and the rate of degradation speeding up, the primarily release
of drug was degradation of materials, and made up the rate of diffusion and dissolution release reducing, eventually
led to the drug in microsphere carrier was release in a constant velocity. Solvent-control include of infiltration and
swelling mechanisms. 1) The release of solvent infiltration controlled. It accord to the penetration principle of semipermeable membrane. Soluble drug is wrapped in polymer, when it is added in environmental media, the external
solvent go into polymer matrix by infiltration and forms saturated solution and then under the action of osmotic
pressure between saturated solution and environmental media to release drugs outside. 2) Matrix sol-vent control, the
more common mechanism is swelling. The controlled-release mechanism is using solvent penetration to makes polymer
swelling and achieve the purpose of release. At the beginning, solvent penetrate into polymer matrix and cause to
swelling, the polymer glass transition temperature to the environment, and chemical chain get slack, so that drugs can be
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released. Solvation process often contains the spread process of drugs at the same time. The release of drug is affected
by many factors and conditions, including nature of polymer and drugs, temperature of environment, pH value of
medium and so on. The change of one factor or condition will affect the controlled mechanism of drug’s release.
For example, changing the hydrophilicity and hydrophobicity of de-gradable polymer not only affect the rate of
degradation of materials, but also affect swelling and permeability of the material, further affect the release of drugs.
Wang25 prepared self assembled nanomicelle of N-acylcholesteryl succinate-O-carboxymethyl chitosan, paclitaxel
was used as a model drug. In vitro experiment, they found that release rate of paclitaxel in nano-CCMC micelle was
closely related with the pH value. For ex-ample the rate of release is low when the pH value of PBS was equal to
7.2, but when pH value was equal to 4.0 or 9.0, the release rate increased. Because CCMC molecules were a new
type of polymer ampholyte and containing much free-NH2 and-COOH, the isoelectric point was about 7.14 by the
turbidity method detection26. In meta-acid or alkaline solution, the free-NH2 or-COOH in CCMC molecules was
ionized to -NH

+3

or-COO-. Under the action of charges with the same electrical sign repel each other; the gel

network structure of self-assembled nano-micelles (CCMC) fully absorbed water, increased permeability of paclitaxel,
accelerated the release rate.
Microemulsions as templates
Microemulsions are thermodynamically stable and isotropically clear dispersions of two immiscible liquids, such as
oil and water, stabilized by an interfacial film of surfactant and co-surfactant27. Their advantages, such as high
drug solubilization, long shelf-life and ease of manufacture, make them an ideal drug delivery vehicle. There are
several research papers available that describe the use of microemulsions as drug delivery vehicles28-32.
Recently, the use of microemulsions as templates for the production of solid lipid nanoparticles33 and polymeric
nanoparticles34 has

been

described. Taking advantage of the microemulsion structure, one can use

microemulsions even for the production of nano suspensions35. Oil-in-water microemulsions are preferred for this
purpose. The internal phase of these microemulsions could be either a partially miscible liquid or a suitable
organic solvent, as described earlier.
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The drug can be either loaded in the internal phase or pre-formed microemulsions can be saturated with
the drug by intimate mixing. The suitable dilution of the microemulsion yields the drug nanosuspension by the
mechanism described earlier. The influence of the amount and ratio of surfactant to co-surfactant on the uptake of
internal phase and on the globule size of the microemulsion should be investigated and optimized in order to
achieve the desired drug loading. The nanosuspension thus formed has to be made free of the internal phase and
surfactants by means of diultrafiltration in order to make it suitable for administration. However, if all the
ingredients that are used for the production of the nanosuspension are present in a concentration acceptable for the
desired route of administration, then simple centrifugation or ultracentrifugation is sufficient to separate the
nanosuspension. The advantages and disadvantages are the same as for emulsion templates. The only added
advantage is the need for less energy input for the production of nanosuspensions by virtue of
microemulsions.The production of drug nanosuspensions using micro-emulsions as templates has been
successfully applied to the poorly water-soluble and poorly bioavailability anti-fungal drug griseofulvin, where
a significant improvement in the dissolution rate of the drug (three-fold increase) as compared to the commercial
product was observed. It was found that the nature of the co-surfactant affected the dissolution rate of the
drug nanosuspension, as anticipated35. However, this technique is still in its infancy and needs more thorough
investigation.
Formulation considerations
Stabilizer
Stabilizer plays an important role in the formulation of nanosuspensions. In the absence of an appropriate
stabilizer, the high surface energy of nano-sized particles can induce agglomeration or aggregation of the drug
crystals. The main functions of a stabilizer are to wet the drug particles thoroughly, and to prevent Ostwald’s
ripening36

&37

and agglomeration of nanosuspensions in order to yield a physically stable formulation by

providing steric or ionic barriers. The type and amount of stabilizer has a pronounced effect on the physical
stability and in-vivo behavior of nanosuspensions. In some cases, a mixture of stabilizers is required to obtain a
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stable nanosuspension. The drug-to-stabilizer ratio in the formulation may vary from 1:20 to 20:1 and should
be investigated for a specific case. Stabilizers that have been explored so far include cellulosics, poloxamers,
polysorbates, lecithins and povidones38. Lecithin is the stabilizer of choice if one intends to develop a
parenterally acceptable and autoclavable nanosuspension. Organic solvents Organic solvents may be required in
the formulation of nanosuspensions if they are to be prepared using an emulsion or microemulsion as a
template. As these techniques are still in their infancy, elaborate information on formulation considerations is
not available. The accept- ability of the organic solvents in the pharmaceutical arena, their toxicity potential and
the ease of their removal from the formulation need to be considered when formulating nanosuspensions using
emulsions or microemulsions as templates. The pharmaceutically acceptable and less hazardous watermiscible solvents, such as ethanol and isopropanol, and partially water-miscible solvents, such as ethyl
acetate, ethyl formate, butyl lactate, triacetin, propylene carbonate and benzyl alcohol, are preferred in the
formulation over the conventional hazardous solvents, such as dichloromethane. Additionally, partially watermiscible organic solvents can be used as the internal phase of the microemulsion when the nanosuspensions are
to be produced using a icroemulsion as a template.
Co-surfactants
The choice of co-surfactant is critical when using micro emulsions to formulate nanosuspensions. Since
cosurfactants can greatly influence phase behavior, the effect of cosurfactant on uptake of the internal phase for
selected microemulsion composition and on drug loading should be investigated. Although the literature
describes the use of bile salts and dipotassium glycerrhizinate as cosurfactants, various solubilizers, such as
Transcutol, glycofurol, ethanol and isopropanol, can be

safely used as cosurfactants in the formulation of

microemulsions. Other additives Nanosuspensions may contain additives such as buffers, salts, polyols, osmogent
and cryoprotectant, depending on either the route of administration or the properties of the drug moiety.
Other additives
Nanosuspensions may contain additives such as buffers, salts, polyols, smogent and cryoprotectant, depending on
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either the route of administration or the roperties of the drug moiety.
Conclusion
Nanosuspensions appear to be a unique and yet commercially viable approach to combating problems such as
poor bioavailability that are associated with the delivery of hydrophobic drugs, including those that are
poorly soluble in aqueous as well as organic media. Production techniques such as media milling and highpressure homogenization have been successfully employed for large-scale production of nanosuspensions. The
advances in production methodologies using emulsions or microemulsions as templates have provided still simpler
approaches for production but with limitations. Further investigation in this regard is still essential. Attractive
features, such as increased dissolution velocity, increased saturation solubility, improved bioadhesivity, versatility
in surface modification and ease of post-production processing, have widened the applications of
nanosuspensions for various outes. The applications of nanosuspensions in parenteral and oral routes have been
very well investigated and applications in pulmonary and ocular delivery have been realized. However, their
applications in buccal, nasal and topical delivery are still awaiting exploration. The development of stealth
nanosuspensions laced with functionalized surface coatings capable of eliciting passive or active targeting as per
the requirement can be regarded as the future step in the nanosuspension research.
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