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ABSTRACT  

For many years scientists are being involved in research for 

developing an effective and efficient drug delivery system to 

deliver the drug to the brain. The blood-brain barrier (BBB) 

acts as an obstacle for many drugs, as a result, it does not allow 

many effective therapeutic agents for several disorders related 

to the brain to reach it. The BBB has a key role in protecting the 

brain from various toxic or harmful substances to reach to the 

brain and it also acts as a physiological barrier but nose to brain 

pathway i.e via nasal administration of drugs targets drug 

directly to the brain by bypassing BBB, avoiding first-pass 

metabolism of the drug, absorption of the drug by permeable 

nasal mucosa and safest route for brain targeting. Due to several 

advantages of nasal delivery of the drug to brain-like non-

invasive and easy administration, it becomes a more feasible 

route. For drugs to show its action an appropriate pathway for 

the administration of the drug to reach its site of action becomes 

very important. Nanoemulsion becomes the most promising 

approach for delivering drugs. Oil, surfactant, co-surfactant, 

water are primary components of nanoemulsion Therefore it 

can be used as an alternative to oral administration avoiding 

drawbacks like poor solubility in aqueous media, poor 

bioavailability, slow onset of action and degradation by 

enzymes. This review focuses on Nasal Nanoemulsion for 

delivering drugs effectively to the brain by bypassing BBB. 
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INTRODUCTION: 

Brain disease is one of most concerning in various platforms like social, economic, and 

global with about affecting 1.5 billion people around the globe. Despite having several 

developments in brain and CNS (Central nervous system) disorders various diseases like 

Parkinson, Alzheimer's, Huntington, Brain tumor, brain stroke, brain cancer, Acquired 

immunodeficiency syndrome, multiple sclerosis, and some other disorders are now pandemic 

and lead to suffers many people daily. [1-5] 

Around more than 95% of drugs are not able to enter the brain due to the Blood-brain barrier 

(BBB) which leads to the administration of a very high dose of drugs to attain proper drug 

concentration in the brain, but it has several severe side effects. Thus, it becomes very 

important to overcome the Blood-brain barrier for targeting the drug to the brain. 

Conventional treatment like using radiation and intravenous delivery of chemotherapeutic 

agents was not successful. There are two approaches by which BBB can overcome the first 

one is a direct approach that includes an invasive method in which drilling a hole in the 

cranium to direct the drug to brain tissues. The second approach is the indirect approach 

which includes non-invasive methods like colloidal drug delivery, micelle, polymeric as well 

as lipid nanoparticles, liposomes and it was observed that lipid carriers can deliver the drug to 

the brain more rapidly by traversing BBB.[6-12] Nanoemulsions are lipid-based nanocarrier 

having a dispersed phase (20nm). Nanoemulsions are widely used for enhancing 

bioavailability and able to deliver the drug through various routes like oral, nasal, parenteral, 

transdermal, and ocular. Due to its lipid nature, it has excellent potential to deliver the drug to 

the brain.[13-22] This review will cover various components and design of nanoemulsion for 

targeting to brain their applications and prospects.  

Blood-Brain Barrier 

The BBB is also known as the microvasculature of the central nervous system (CNS) because 

it isolates the brain from the remaining parts of the body. Bypassing BBB is the first for 

enhancing the targeting of drugs to the brain. The CNS vessels cannot be fenestrated, and the 

main function of CNS vessels is to exchange molecules and cells amongst the brain and 

blood.  This strongest BBB capacity to protect CNS from the exogenous invasion of toxins, 

pathogens, and other agents including drugs also. [23] 
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The specific properties of the brain that composes the BBB structure are endothelial cells 

which mainly composed of walls of blood vessels. The endothelial cells of BBB vary from 

endothelial cells of non-neural tissues as they are polarized and held in together by a tight 

junction that inhibits the influx of solutes (molecules and ions) and restricts transcytosis and 

pinocytosis transport system. The endothelial cells have two different types of transport 

systems first is efflux transporters which eliminates the lipid-soluble toxins which passively 

diffuse through the cell membrane, for example, p-glycoprotein which plays a major role in 

drug-resistant tumors and epilepsy and the second one is the influx transporters which carries 

nutrients to the brain by crossing BBB. BBB is also an active interface that controls the CNS 

micro-environment for its normal neuronal functions. BBB can communicate with cells of 

CNS to adapt behavior according to the needs of CNS due to some pathological conditions or 

due to some disease progression. [24]  

Cerebral capillaries remain lined organized through astrocytic end-feet progressions then 

high-density endothelial cells. Endothelial cells also accompanying astrocytes remain stitched 

together to arrange tight junctions at edge amongst blood as well as the brain. The following 

are the tight junctions that have been comprised of transmembrane proteins for example in 

occludin, claudins as well as a junctional adhesion molecule (JAM). Each transmembrane 

protein is presently affixed by an additional protein complex that contains zonula occludens 

protein 1(ZO-1) and their correlated proteins incorporated in endothelial cells. Paracellular 

transport is facilitated through tight junctions [25]. Membranes of endothelial cells come up 

with two individual sections, luminal (blood side) and abluminal (brain side). Molecules 

ought to impede perivascular space enclosed by the plasma membrane of capillary 

endothelial cells, particularly astrocyte end feet that includes a major section of an endothelial 

surface (> 90%) toward regulating the permeability of BBB. The elevated electrical 

resistance of brain capillaries identified to be 1000-2000 cm2 represents an additional crucial 

barrier that restricts access of polar as well as ionic substances within the brain [26]. Such a 

high electrical resistance is assigned to the soaring manifestation of occludin [27]. Even 

Though choroid plexus shows a most important part in blood CSF barrier to prohibit 

exogenous materials [28], the blood-CSF barrier may perhaps be believed irrelevant owing to 

the constrained surface area. Brain disease states frequently interrupt BBB. [29] 
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Nose to brain drug delivery 

The nasal route for delivering drug which targets CNS is the most preferred route due to 

olfactory nerve, within nasal mucosa has direct connection among brain and nose. The nose 

has two major functions respiration as well as olfaction. The human olfactory region is an 

area where termination of olfactory and trigeminal nerves are presently occupying about 

1.25-10% surface area of the nasal cavity. The brain is connected via the outside environment 

by the means of trigeminal and olfactory pathways just because of this drug targeting, which 

can be achieved utilizing administering formulations into the nasal mucosa. [30-32] 

Brain to nose delivering of the drug has several advantages, such as it is a non-invasive 

method, does not cause any sort of pain, high level of safety, do not cause any harm, having 

patient compliance, ease in administering, fast onset of action, lesser systemic exposure, 

avoid the first-pass metabolism, as a result, nasal dose which is administered is about 2-10 

times lesser than the oral dose. The nasal administration of drugs is most promising in 

comparison to intravenous or oral route. But despite having numerous advantages nasal 

delivery of drugs has some drawbacks also, such as lower bioavailability due to enzymatic 

degradation of the drug in the nasal mucosa, high level of clearance of the drug, due to 

limited surface area of olfactory mucosa small volume of the drug can be instilled. [33-35] 

Drug preparation on nasal administration arises in connection through mucosa then quickly 

moved straight into the brain, avoiding BBB, and attaining actual quick cerebrospinal fluid 

concentrations. Approximate quantity of administered drug gets into systemic circulation by 

respiratory area then little quantity is wasted to nasal-related lymphoid tissues. [36] 

According to various literature various types of a nanocarrier are utilized for formulating 

nasal preparations so to target brain delivery these are polymer or lipid-based nanoparticle 

but amongst all of them, nanoemulsion having liquid-based dispersed medium is more 

prominent in the nose to brain delivering of the drug as it is a novel approach to target drug to 

the brain. [37-39,100,101] 

Nanoemulsion: A lipid Nanocarrier 

Nanoemulsion is an emerging and best approach for targeting drugs at a specific site. 

Nanoemulsion may be defined as oil in water emulsion or water in oil having mean droplet 

size ranging between 50-1000nm due to which it is can also be termed as a sub-micron 

emulsion (SME) these are kinetically stable, non-equilibrium mixtures containing oil, water, 
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surfactant, and co-surfactant. Nanoemulsion can easily be formulated into several dosage 

forms like cream, gel, liquid, foam, spray, and many more and can also be administered 

through several routes like oral, topical, parenteral, ocular, and nasal. [40-43]  

 

Figure No. 1: Structure of Nanoemulsion 

Having small droplet size leading to the high surface area in comparison to other 

formulations and due small droplet size has many advantages like it avoids destabilization 

processes like creaming, sedimentation, and coalescence. Nanoemulsion can resolve 

complications like solubility and drug stability. Hydrophobic drugs dissolve in the oil phase 

of nanoemulsion and further releases drug from this oil phase and come into an aqueous 

phase which leads to nanoprecipitation. This process results in the occurrence of particles 

with very high surface area and enhances the dissolution of the drug. But there are certain 

limitations to this type of method like heat-sensitive drugs for example enzymes, nucleic 

acid, proteins, and retinoids can be manufactured and due to inadequate use of energy 

required for the emulsification process of nanoemulsion can limits manufacturing of 

nanoemulsion. [41-45] 

In recent years nanoemulsion has become an area of interest among different fields such as 

cosmetics, pharmaceuticals, food, personal care, agrochemical, and chemical. Nanoemulsion 

is regarded as a novel drug delivery system as it acts as a vehicle for carrying drug 

formulations and it is widely used for targeted drug delivery systems, for controlled release of 

drugs and has numbers of advantageous properties over conventional emulsion. [45] 

Nanoemulsions are used to deliver hydrophobic as well as lipophilic drugs which are 

formulated by utilizing very smaller concentrations of surfactants which are generally 

recognized as safe (GRAS) for human use by FDA for using it as mucosal and nasal 
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administration. It enhances the bioavailability of poorly water-soluble drugs due to its smaller 

droplet size which ensures faster drug solubilization and permeation. It also protects the drug 

from oxidation and hydrolysis there are several advantages of nanoemulsions some of them 

are depicted in the below-mentioned figure 2. 

 

Figure No. 2: Benefits of Nanoemulsion 

1. Components of Nanoemulsion 

 Drug 

 Oil phase 

 Surfactant and Co-surfactant 

 Aqueous phase  

Nanoemulsions are dispersions mainly composed of oil, surfactant, co-surfactant, and 

aqueous phase which are further micronized by some external energy source. Nanoemulsion 

is created on the phenomenon of low interfacial tension which can be done by the addition of 

co-surfactant. By lowering interfacial tension, a thermodynamically stable nanoemulsion is 

BENEFITS OF 

NANOEMULSION 
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formed. The solubility of the drug and type of nanoemulsion (O/W or W/O) determines the 

amount of lipid component that must be used within the formulation. Solubility ability of oil 

phase is one of the most important factors for selection of oil phase for solubilizing drug and 

the highest solubility of oil is chosen to reduce the amount of oil in formulation thus reducing 

the surfactant within formulations due to its toxicity issues.  

According to chain length oil can be sub-divided like a long chain, medium-chain, and short-

chain triglycerides for example sesame oil, cottonseed oil, soyabean oil, coconut oil, olive oil 

and many more. The type of oil phase is used for the preparation of nanoemulsion sometimes 

affects its bioavailability such as Curcumin has the highest bioavailability by formulating it 

with long and medium-chain triglycerides.  

Emulsifying agents are also required for formulating nanoemulsion by enhancing its kinetic 

stability while storing it. The emulsifying agents that are used are mainly surfactant like 

Tween 20, 40, 60, 80, Span 20, 40, 60, 80 are most commonly used for the preparation of 

nanoemulsion. Some of the other surfactants are poloxamers, sodium dodecyl surfactant, 

polyethylene glycol, and many more. Co-surfactants are used for stabilization of 

nanoemulsion some of the co-surfactants are ethanol, propylene glycol, glycerine, 

polyethylene glycol, ethylene glycol as these can be used alone or in combinations. [46-57] 

2. Preparation methods of Nanoemulsion 

High-pressure equipment can be most effectively used for the preparation of nanoemulsion of 

a very small particle size range. Some of the most commonly used methods adopted for the 

preparation of nanoemulsion are high-pressure homogenization and microfluidization 

methods used for both at the laboratory level as well as at the industry level also. 

Ultrasonication and In-situ emulsification are other methods by which nanoemulsion can also 

be suitably prepared. [58] 

Consideration while preparing Nanoemulsions are: 

a) A foremost important requirement for preparing nanoemulsion is to choose surfactant 

very carefully as it is used to get lower interfacial tension among the oil and water phase. 

b) For producing ultra-low interfacial tension appropriate amount of surfactant must be 

utilized to stabilize nanoemulsion droplets. 
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c)  The oil and water interface must be flexible for producing nanoemulsion. 

High-Pressure Homogenization 

This method produces extremely low particle size (up to 1nm) of nanoemulsion by utilizing 

High-pressure homogenizer. Dispersing oil phase into aqueous phase can be obtained by 

passing mixture via small inlet orifice at very high pressure which leads to dispersion of oil 

and water phase through the very high intensity of turbulence and hydraulic shear as a result 

it produces small fine particles of emulsion. This method of preparing nanoemulsion is of 

high efficiency but the only drawback is the utilization of high energy and high temperature 

of emulsion. [58] 

Microfluidization 

It is a mixing method that is employed for preparing nanoemulsion by using a microfluidizer 

device. Microfluidizer uses a positive displacement high-pressure pump which incorporates 

the product into microchannels (small channels). The products flow through these 

microchannels and results in the production of sub-micron size particle emulsion. The 

dispersion of oil and aqueous phases are introduced into homogenizer to get coarse emulsion, 

this coarse emulsion is further introduced into microfluidizer to get a stable emulsion 

repeatedly this process of Microfluidization is done till then to achieve the desired size of the 

particle of emulsion. After that this emulsion is filtered by using nitrogen to get rid of large 

droplets. [59] 

Spontaneous Emulsification 

Spontaneous emulsification method is involving three major steps: 

a) Preparing a homogenous organic mixture of oil, surfactant in a water-miscible solvent, 

and a hydrophilic surfactant. 

b) Under magnetic stirring introducing this organic mixture into aqueous phase results in oil 

in water emulsion. 

c) Under reduced pressure evaporating the water-miscible solvent. [60] 
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Solvent Evaporation Technique 

This method of preparing nanoemulsion involves the preparation of a drug solution and 

emulsifying it into another liquid (non-solvent). Further evaporating solvent from drugs leads 

to precipitation of drugs. [61] 

Hydrogel Method 

In this method, the drug solvent mixture is miscible with drug anti-solvent. By this method, 

Ostwald ripening and crystal growth can be prevented due to the presence of high shear force. 

[62] 

Nanoemulsion for Nose to Brain Delivery 

For the systemic delivery of drugs, nasal mucosa is one of the best approaches. 

Nanoemulsion targeted from nose to brain delivery is an alternative method for oral 

administration of CNS drugs. Delivering CNS drugs via the nose to the brain is most efficient 

as compared to parenteral route due to which nose to brain drug delivery method is best 

adopted safest approach as compared to both oral and parenteral route [63] but there are 

certain issues related to brain targeted drug delivery like drugs which are hydrophilic in 

nature and drugs having high molecular weight because of impermeable nature of 

endothelium as endothelium layer is present in between systemic circulation and barrier 

amongst blood and brain i.e. BBB. [64] Nose to brain drug-delivering route comprises of 

major two routes the olfactory and trigeminal nerve pathways. Olfactory nerves begin from 

the brain and end towards the olfactory neuroepithelium whereas trigeminal nerve begins 

from the brain and ends towards the respiratory epithelium. The main function of the 

olfactory area is to analyze and sense any sort of smell and it has three types of cells named 

olfactory receptor cells, epithelial cells, and receptor cells. The olfactory area has a straight 

link from nose to the brain by utilizing nanoemulsion preparations of drugs. [65-67] 
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Figure No. 3: Nose to Brain drug delivery pathway 

There are some applications of nanoemulsion formulation for brain targeting via the nose, 

like these can also be used as for the influenza virus vaccine in the form of non-toxic mucosal 

adjuvant. One of the most important applications of the intranasal drug delivery system is the 

development of vaccines in the current intranasal route. Due to reduced activity of the 

enzyme, moderately penetrable epithelium, and higher availability of target sites nasal drug 

delivery is utilized as a better option of delivering drugs. Nanoemulsion which carries drugs 

in the nano form protects the drug from mucosa and also prevents direct contact of the drug 

to the antigen of lymphoid tissue. For treating CNS disorders nanoemulsion for the nose to 

brain drug delivery techniques is most appropriate due to its efficient results in targeting the 

drug to the brain but there are certain limitations of this drug delivery method like only 

limited quantity of drug can be given due to its lower volume in the nasal cavity and on the 

interaction of drug to mucosa influences drug absorption which further leads to lesser 

therapeutic efficacy. [68-70] 

Properties which constitute CNS drug for Nasal Nanoemulsion as a better alternative to 

oral drug administration: [71] 

 Intestinal and first-pass metabolism of the drug (enzymatic degradation). 

 Slow onset of action. 
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 Poor solubility and bioavailability. 

 Lower ability to cross the Blood-Brain Barrier. 

  Poor absorption. 

 Issues related to stability.  

 Reduce dose to avoid oral side effects but a high dose is given to overcome BBB. 

 Have a bitter or disagreeable taste. 

Formulations for Nasal drug delivery to target brain 

An over-all summary of existing literature around Nanoemulsion intended designed for nose-

to-brain aiming demonstrations evidently that intranasal usage is a substitute for oral therapy. 

Moreover, if the drug is managed orally to get to the brain, this sort of administration be 

capable of current difficulties for several drugs that are reviewed in Table 1. CNS delivery 

via nasal mucosa at times achieves superior to parenteral administration too, as demonstrated 

by in vivo tests. 

Table No. 1: Nanoemulsion formulations prepared for Nose to brain drug delivery 

Author Drug Category Topic Reference 

Kumar et. al Risperidone Schizophrenia 

Intranasal 

nanoemulsion based 

brain targeting drug 

delivery system of 

risperidone 

72 

Kumar et. al Olanzapine Schizophrenia 

Mucoadhesive 

nanoemulsion-based 

intranasal drug 

delivery system of 

olanzapine for brain 

targeting 

73 

Yu et. al Ergoloid mesylate Schizophrenia 

Preparation of 

Ergoloid mesylate 

submicron emulsions 

for enhancing nasal 

absorption and 

reducing nasal 

ciliotoxicity 

74 
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Jain et. al Amiloride Anti-epileptic 

Antiepileptic 

intranasal Amiloride 

loaded mucoadhesive 

nanoemulsion: 

Development and 

safety assessment 

75 

Bahadur et. al 
Ziprasidone 

hydrochloride 
Anti-psychotic 

Buffered 

nanoemulsion for nose 

to brain delivery of 

ziprasidone 

hydrochloride: 

Preformulation and 

pharmacodynamic 

evaluation. 

76 

Mahajan et. al Saquinavir mesylate HIV infections 

Nanoemulsion-based 

intranasal drug 

delivery system of 

saquinavir mesylate 

for brain targeting 

77 

Pathak et. al Nimodipine 

Cerebrovascular 

spasm and senile 

dementia 

Role of mucoadhesive 

polymers in enhancing 

delivery of nimodipine 

microemulsion to 

brain via intranasal 

route 

78 

Sood et. al Curcumin 
Neurodegenerative 

disease 

Optimization of 

curcumin 

nanoemulsion for 

intranasal delivery 

using design of 

experiment and its 

toxicity assessment 

79 

Pangeni et. al Resveratrol Parkinson disease 

Vitamin E loaded 

Resveratrol 

nanoemulsion for 

brain targeting for the 

treatment of Parkinson 

disease by reducing 

oxidative stress 

80 

Nasr et. al Curcumin/Resveratrol 

Age-related 

neurodegenerative 

diseases 

Development of an 

optimized hyaluronic 

acid-based lipidic 

nanoemulsion co-

encapsulating two 

polyphenols for nose 

to brain delivery 

81 

Yadav et. al Cyclosporine Neuro-protective 

Comparative 

Biodistribution and 

Pharmacokinetic 

Analysis of 

82 
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Cyclosporine-A in the 

Brain upon Intranasal 

or Intravenous 

Administration in an 

Oil-in-Water 

Nanoemulsion 

Formulation 

Yadav et. al Anti-TNFα siRNA Neuroinflammation 

Intranasal brain 

delivery of cationic 

nanoemulsion 

encapsulated TNFα 

siRNA in the 

prevention of 

experimental 

neuroinflammation 

83 

Parikh et. al Riluzole 

Amyotrophic 

lateral sclerosis 

(ALS 

Nanoemulsions for 

Intranasal Delivery of 

Riluzole to Improve 

Brain Bioavailability: 

Formulation 

Development and 

Pharmacokinetic 

Studies 

84 

Kumar et. al Selegilin Parkinson’s disease 

Design Expert(®) 

supported optimization 

and predictive analysis 

of selegiline 

nanoemulsion via the 

olfactory region with 

enhanced behavioral 

performance in 

Parkinson’s disease 

85 

Ahmad et. al Thymoquinone Cerebral Ischemia 

Quantification and 

evaluation of 

thymoquinone loaded 

mucoadhesive 

nanoemulsion for 

treatment of cerebral 

ischemia 

86 

Pandey et. al Paroxetine 
Depression and 

anxiety 

Intranasal delivery of 

paroxetine 

nanoemulsion via the 

olfactory region for 

the management of 

depression: 

Formulation, 

behavioral and 

biochemical 

estimation 

87 
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Boche et. al Quetiapine Schizophrenia 

Quetiapine 

Nanoemulsion for 

Intranasal Drug 

Delivery: Evaluation 

of Brain-Targeting 

Efficiency 

88 

Abdou et.al Zolmitriptan Migraine 

Brain targeting 

efficiency of anti-

migraine drug-loaded 

mucoadhesive 

intranasal 

nanoemulsion 

89 

Ahmed et. al 

Aggregation-caused 

quenching (ACQ) 

probes 

Labeling action 

Evidence of nose-to-

brain delivery of 

nanoemulsions: 

Cargoes but not 

vehicles 

90 

Colombo et. al Kaempferol Gliomas 

Validation of an 

HPLC-UV method for 

analysis of 

Kaempferol-loaded 

nanoemulsion and its 

application to in vitro 

and in vivo tests 

91 

Colombo et. al Kaempferol Gliomas 

Kaempferol-loaded 

mucoadhesive 

nanoemulsion for 

intranasal 

administration reduces 

glioma growth in vitro 

92 

Haider et. al Rivastigmine Alzheimer disease 

Optimization of 

rivastigmine 

nanoemulsion for 

enhanced brain 

delivery: In-vivo and 

toxicity evaluation 

93 

Ahmad et. al Chloramphenicol 
Bacterial 

meningitis 

Quantification and 

evaluation of 

thymoquinone loaded 

mucoadhesive 

nanoemulsion for 

treatment of cerebral 

ischemia 

94 

Ahmad et. al Amiloride Epilepsy 

Impact of 

ultrasonication 

techniques on the 

preparation of novel 

Amiloride-

nanoemulsion used for 

intranasal delivery in 

95 
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the treatment of 

epilepsy 

El-Zaafarany 

et. al 
Oxcarbazepine Epilepsy 

Identifying lipidic 

emulsions for 

improved 

oxcarbazepine brain 

targeting: In vitro and 

rat in vivo studies 

96 

Challenges for the nose to drug delivery 

There are numerous limitations for delivering drugs through the nasal route which at last 

limits it's a success. One of the foremost limitations is drug preparation delivered through 

nasal route can lead to nasal-mucosa irritation and can also cause toxicity which is due to 

formulation additive incompatibility with nasal mucosal tissues [97]. Some of the 

preservatives are also sensitive to the nasal mucosa. Some of the common side effects of 

incompatibility among drug additives are loss of ciliary layer, loss of epithelial cells, and 

shrinkage of the mucosal layer. [98] 

Mucociliary clearance leads to lesser retention time for drugs and can also cause improper 

drug absorption. Absorption enhancers cannot be used in this type of formulations. There are 

certain variations in drug absorption in the brain and spinal cord. [99] 

CONCLUSION: 

In the area of Nanomedicine, Nanoemulsion formulations are having their importance. Their 

properties such as having nanodroplet size with the higher surface area make it appropriate 

for delivering drugs from nose to brain. For reducing mucosal clearance mucoadhesive 

additives are employed. Chitosan has two roles while adding it to formulation it enhances 

penetration of drugs via nasal mucosa and it also acts as a mucoadhesive agent. There are 

several instances in literature during the past years of nanoemulsion for targeting the drug to 

the brain as depicted in table 1. For CNS drug delivery nasal drug delivery is a better 

approach than oral due to different properties of the drug. Furthermore, surfactant(s) 

introduce in nanoemulsions may perhaps possess a fluidizing impact on endothelial cell 

membranes defining improved drug permeability as well as benefiting through this process 

the olfactory and trigeminal routes. 
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Nanoemulsion meant for intranasal administration appears to have a favorable approach for 

nose-to-brain drug release and to attain CNS directing for therapy of neuro ailments. Lots Of 

attempts are necessary to be produced to improve further performance of nanoemulsions.  

REFERENCES: 

1. Statistics: Brain cancer registry reports, South Australia Dept. Health Globocan 2002 IARC. 

http://www.cancersa.org.au Updated March 2009.  

2. Schlosshauer, B. The blood-brain barrier: morphology, molecules and neurothelin. Bioassays, 1993, 15, 341-

346.   

3. Ricci, M.; Blasi, P.; Giovagnoli, S.; Rossi, C. Delivering drugs to the central nervous system: a medicinal 

chemistry or a pharmaceutical technology issue? Curr. Med. Chem., 2006, 13, 1757-1775. 

4.  Zlokovic, B.V. The blood brain barrier in health and chronic neurodegenrative disorders. Neuron Cambridge 

MA, 2008, 57, 178-201.   

5.  Silberberg, D. Neurological disease in the global agenda. Ann. Neurol., 2008, 64, 475-476.  

6. Laquintana, V.; Trapani, A.; Denora, N.; Wang, F.; Gallo, J.M.; Trapani, G. New strategies to deliver 

anticancer drugs to brain tumors. Expert Opin. Drug Deliv., 2009, 6(10), 1017-1032.  

7.  Dabholkar, R.D.; Sawant, R.M.; Mongay, D.A.; Devarajan, P.V.; Torchilin, V.P. Polyethylene glycol–

phosphatidylethanolamine conjugate (PEG–PE)based mixed micelles: Some properties, loading with paclitaxel, 

and modulation of P-glycoprotein-mediated efflux. Int. J. Pharm., 2006, 315, 148-157.  

8. Batrakova, E.V.; Li, S.; Alakhov, V.Y.; Miller, D.W.; Kabanov, A.V. Optimal structure requirements for 

pluronic block copolymers in modifying P-glycoprotein drug efflux transporter activity in bovine brain 

microvessel endothelial cells. J. Pharmacol. Exp. Ther., 2003, 304, 845-854.  

9.  Kreuter, J.; Ramge, P.; Petrov, V.; Hamm, S.; Gelprina, S.E.; Engelhardt, B.; Alyautdin, R.; von Briesen, 

H.; Begley, D. J. Direct evidence that polysorbate-80-coated poly(butyl cyanoacrylate) nanopaticles deliver 

drugs to the CNS via specific mechanisms requiring prior binding of the drug to the nanoparticles. Pharm. Res., 

2003, 20, 409-416.  

10.  Zara, G.P.; Cavalli, R.; Bargoni, A.; Fundaro, A.; Vighetto, D.; Gasco, M.R. Intravenous administration to 

rabbits of non-stealth and stealth doxorubicin loaded solid lipid nanoparticles at increasing concentrations of 

stealth agents: pharmacokinetics and distribution of doxorubicin in brain and other tissues. J. Drug Target; 2002, 

10(4), 327-335. 

11.  Schnyder, A.; Huwyler, J. Drug transport to brain with targeted liposomes. NeuroRx, 2005, 2(1), 99-107.  

12.  Razdan, R.; Devarajan, P.V. Microemulsions. Indian Drugs, 2003, 40(3), 139-146. 

13. Solans, C.; Izquierdo, P.; Nolla, J.; Azemar, N.; Garcia-Celma, M.J. Nanoemulsions. Curr. Opin. Colloid 

Interface Sci., 2005, 10, 102-110. 

14.  Lawrence, M.J.; Rees, G.D. Microemulsion-based media as novel drug delivery systems. Adv. Drug Deliv. 

Rev., 2000, 45, 89-121.  

15. Araya, H.; Tomita, M.; Hayashi, M. The novel formulation design of O/W microemulsion for improving 

the gastrointestinal absorption of poorly water-soluble compounds. Int. J. Pharm., 2005, 305(1-2), 61-74.  

16.  Sarciaux, J.M.; Acar, L.; Sado, P.A. Using microemulsion formulations for oral drug delivery of 

therapeutic peptides. Int. J. Pharm., 1995, 120(2), 127136.   

17.  Hwang, S.R.; Lim, S.J.; Park, J.S.; Kim, C-K. Phospholipid-based microemulsion formulation of all-trans-

retinoic acid for parenteral administration. Int. J. Pharm., 2004, 276(1-2), 175-183.  

18.  Li, L.; Nandi, I.; Kim, K.H. Development of an ethyl laurate-based microemulsion for rapid-onset 

intranasal delivery of diazepam. Int. J. Pharm., 2002, 237(1-2), 77-85.   

19.  Zhao, X.; Liu, J.P.; Zhang, X.; Li, Y. Enhancement of transdermal delivery of theophylline using 

microemulsion vehicle. Int. J. Pharm., 2006, 327(1-2), 58-64.   

20.  Kapoor, Y.; Chauhan, A. Ophthalmic delivery of Cyclosporine A from Brij97 microemulsion and 

surfactant-laden p-HEMA hydrogels. Int. J. Pharm., 2008, 361(1-2), 222-229.  

21.  Jogani, V.V.; Shah, P.J.; Mishra, P.; Mishra A.K.; Misra, A.R. Intranasal mucoadhesive microemulsion of 

tacrine to improve brain targeting. Alzheimer Dis. Assoc. Disorder, 2008, 22(2), 116-124.  



www.ijppr.humanjournals.com 

Citation: Shweta Singh Chauhan et al. Ijppr.Human, 2020; Vol. 19 (1): 397-417. 413 

22.   Vyas, T.K.; Shahiwala, A.; Amiji, M.M. Improved oral bioavailability and brain transport of Saquinavir 

upon administration in novel nanoemulsion formulations. Int. J. Pharm., 2008, 347(1-2), 93-101. 

23. Daneman R, Prat A, The blood–brain barrier cold spring harbor perspectives in biology. 2015; 7(1) 020412. 

24. Cecchell, R.; Berezowski, V.; Lundquis, S.; Culot, M.; Renftel, M.; Dehouck, M.P.; Fenart, L. Modelling of 

the blood–brain barrier in drug discovery and development, Nat. Rev. Drug Discov., 2007, 6, 650-661. 

25. Butt, A.M.; Jones, H.C.; Abbott, N.J. Electrical resistance across the blood brain barrier in anaesthetized 

rats: a developmental study. J. Physiol., 1990, 429, 47-62.  

26. Hirase, T.; Staddon, J.M.; Saitou, M.; Ando-Akatsuka, Y.; Itoh, M.; Furuse, M.; Fujimoto, K.; Tsukita, S.; 

Rubin, L.L. Occludin as a possible determinant of tight junction permeability in endothelial cells. J. Cell Sci., 

1997, 110(14), 1603-1613. 

27. Lee, G.; Dallas, S.; Hong, M.; Bendayan, R. Drug transporters in the central nervous system: brain barriers 

and brain parenchyma considerations. Pharmacology. Rev., 2001, 53, 569-596.  

28. Segal, M.B. The choroid plexuses and the barriers between the blood and the cerebrospinal fluid. Cell. Mol. 

Neurobiology, 2000, 20, 183-196. 

29. Alam, M.I.; Beg, S.; Samad, A.; Baboota, S.; Kohli, K.; Ali, J.; Ahuja, A.; Akbar, M. Strategy for effective 

brain drug delivery. Eur. J. Pharm. Sci. 2010, 40, 385–403. 

30.  Pardeshi, C.V.; Belgamwar, V.S. Direct nose to brain drug delivery via integrated nerve pathways 

bypassing the blood-brain barrier: An excellent platform for brain targeting. ExpertOpin. Drug Deliv. 2013, 10, 

957–972. 

31.  Dalpiaz, A.; Fogagnolo, M.; Ferraro, L.; Capuzzo, A.; Pavan, B.; Rassu, G.; Salis, A.; Giunchedi, P.; 

Gavini, E. Nasal chitosan microparticles target a zidovudine prodrug to brain HIV sanctuaries. Antiviral Res. 

2015, 123, 146–157. 

32. Ugwoke, M.I.; Verbeke, N.; Kinget, R. The biopharmaceutical aspects of nasal mucoadhesive drug 

delivery. J. Pharm. Pharmacol. 2001, 53, 3–21.  

33.  Quintana, D.S.; Westlye, L.T.; Rustan, Ø.G.; Tesli, N.; Poppy, C.L.; Smevik, H.; Tesli, M.; Røine, M.; 

Mahmoud, R.A.; Smerud, K.T.; et al. Low-dose oxytocin delivered intranasally with Breath Powered device 

affects social-cognitive behavior: A randomized four-way crossover trial with nasal cavity dimension 

assessment. Transl. Psychiatry 2015, 5, e602.  

34.  Stützle, M.; Flamm, J.; Carle, S.; Schindowski, K. Nose-to-brain delivery of insulin for Alzheimer’s 

disease. Admet Dmpk. 2015, 3, 190–202. 

35. Illum L. Nasal drug delivery -possibilities, problems, and solutions. J Control Release 2003;87:187-98. 

36. Rassu, G.; Soddu, E.; Posadino, A.M.; Pintus, G.; Sarmento, B.; Giunchedi, P.; Gavini, E. Nose-to-brain 

delivery of BACE1 siRNA loaded in solid lipid nanoparticles for Alzheimer’s therapy. Colloids Surf. B 

Biointerfaces 2017, 152, 296–301. 

37. Sonvico, F.; Clementino, A.; Buttini, F.; Colombo, G.; Pescina, S.; Stanisçuaski Guterres, S.; Raffin 

Pohlmann, A.; Nicoli, S. Surface-Modified Nanocarriers for Nose-to-Brain Delivery: From Bioadhesion to 

Targeting. Pharmaceutics2018,10,34. 

38. Rassu, G.; Gavini, E.; Carta, A.; Obinu, A.; Porcu, E.P.; Giunchedi, P. Hydroxypropyl-β-Cyclodextrin 

Formulated in Nasal Chitosan Microspheres as Candidate Therapeutic Agent in Alzheimer’s Disease. Curr. 

Drug Deliv. 2018, 15, 746–748. 

39. Eccleston, G. In: Encyclopedia of Pharmaceutical Technology, Swarbrick, J.; Boylan, J.C., Eds.; Marcel 

Dekker: New York, 1995; vol. 9, pp. 375-421.  

40. Karasulu, H.Y. Microemulsions as novel drug carriers: the formation, stability, applications and toxicity. 

Expert Opin. Drug Deliv. 2008, 5(1), 117. 

41. Comfort, C.; Garrastazu, G.; Pozzoli, M.; Sonvico, F. Opportunities and challenges for the nasal 

administration of nanoemulsions. Curr. Top. Med. Chem. 2015, 15, 356–368. 

42. Rodrigues, R.F.; Costa, I.C.; Almeida, F.B.; Cruz, A.S.; Ferreira, A.M.; Vilhena, J.C.E.; Florentino, A.C.; 

Carvalho, J.C.T.; Fernandes, C.P. Development, and characterization of evening primrose (Oenothera biennis) 

oil nanoemulsions. Revista Brasileira de Farmacognosia 2015, 25, 422–425. 

43.  Sarker, D.K. Engineering of nanoemulsions for drug delivery. Curr. Drug Deliv. 2005, 2, 297–310. 

44. Mahajan, H.S.; Mahajan, M.S.; Nerkar, P.P.; Agrawal, A. Nanoemulsion-based intranasal drug delivery 

system of saquinavir mesylate for brain targeting. Drug Deliv. 2014, 21, 148–154.  



www.ijppr.humanjournals.com 

Citation: Shweta Singh Chauhan et al. Ijppr.Human, 2020; Vol. 19 (1): 397-417. 414 

45. Singh, Y.; Meher, J.G.; Raval, K.; Khan, F.A.; Chaurasia, M.; Jain, N.K.; Chourasia, M.K. Nanoemulsion: 

Concepts, development, and applications in drug delivery. J. Control. Release 2017, 252, 28–49. 

46. Mahmoud, H.; Al-Suwayeh, S.; Elkadi, S. Design and optimization of self-nano emulsifying drug delivery 

systems of simvastatin aiming dissolution enhancement. Afr. J. Pharm. Pharmacol. 2013, 7, 1482–1500. 

[CrossRef] 35. McClements, D.J.; Xiao, H. Potential biological fate of ingested nanoemulsions: Influence of 

particle characteristics. Food Funct. 2012, 3, 202–220. [CrossRef] 

47. Pharmaceutics 2019, 11, 84 15 of 17 

48. 36. Klang, V.; Valenta, C. Lecithin-based nanoemulsions. J. Drug Deliv. Sci. Technol. 2011, 21, 55–76. 

49.  Vyas, T.K.; Shahiwala, A.; Amiji, M.M. Improved oral bioavailability and brain transport of saquinavir 

upon administration in novel nanoemulsion formulations, Int. J. Pharm. 2008, 347, 93–101.  

50.  Azeem, A.; Rizwan, M.; Ahmad, F.J.; Iqbal, Z.; Khar, R.K.; Aqil, M.; Talegaonkar, S. Nanoemulsion 

components screening and selection: A technical note. AAPS PharmSciTech 2009, 10, 69–76. 

51. Jadhav, C.; Kate, V.; Payghan, S.A. Investigation of effect of non-ionic surfactant on preparation of 

griseofulvin non-aqueous nanoemulsion. J. Nanostruct. Chem. 2015, 5, 107–113. 

52. Brüsewitz, C.; Schendler, A.; Funke, A.; Wagner, T.; Lipp, R. Novel poloxamer-based nanoemulsions to 

enhance the intestinal absorption of active compounds. Int. J. Pharm. 2007, 329, 173–181. 

53.  Erramreddy, V.V.; Ghosh, S. Influence of emulsifier concentration on nanoemulsion gelation. Langmuir 

2014, 30, 11062–11074. 

54. Maher, P.G.; Fenelon, M.A.; Zhou, Y.; Kamrul Haque, M.; Roos, Y.H. Optimization of β-casein stabilized 

nanoemulsions using experimental mixture design. J. Food Sci. 2011, 76, C1108–C1117. 

55.  Combrinck, J.; Otto, A.; du Plessis, J. Whey protein/polysaccharide-stabilized emulsions: Effect of 

polymer type and pH on release and topical delivery of salicylic acid. AAPSPharmSciTech2014,15,588–600. 

56.  Rapoport, N.; Christensen, D.A.; Kennedy, A.M.; Nam, K.H. Cavitation properties of block copolymer 

stabilized phase-shift nanoemulsions used as drug carriers. Ultrasound Med. Biol. 2010, 36, 419–429. 

57. Zhang, Y.; Shang, Z.; Gao, C.; Du, M.; Xu, S.; Song, H.; Liu, T. Nanoemulsion for solubilization, 

stabilization, and in vitro release of pterostilbene for oral delivery. AAPS PharmSciTech 2014, 15, 1000–1008.  

58. Bhatt P. and Madhav S., A Detailed review on nanoemulsion drug delivery system, International Journal of 

Pharmaceutical Sciences and Research 2011; 2:10: 24822489.  

59. Bouchemal K., Briancon S., Fessi H., Perrier E., Nanoemulsion formulation using spontaneous 

emulsification: solvent, oil and surfactant optimization, Int J Pharmaceutics 2004; 280: 242.  

60. Bouchemal K., Briancon S., Fessi H., Perrier E., Nanoemulsion formulation using spontaneous 

emulsification: solvent, oil, and surfactant optimization. International Journal of Pharmaceutics 2004; 280: 243.   

61. Guglielmini G., Nanostructured novel carrier for topical application, Clin Dermatol 2008; 26: 341-6.  

62. Huabing C., Danrong D., Chengwen M., Dongsheng M., Jiangling W., Huibi X., Xiangliang Y., Hydrogel-

thickened nanoemulsion system for topical delivery of lipophilic drugs, International Journal of Pharmaceutics 

2008; 353: 272. 

63. Mahajan HS, Mahajan MS, Nerkar PP, Nanoemulsion-based intranasal drug delivery system of saquinavir 

mesylate for brain targeting. Drug delivery. 2014; 21(2):148-54. 

64. Calvo P, Vila-Jato J, Alonso M, Comparative in vitro evaluation of several colloidal systems, nanoparticles, 

Nanocapsules, and nanoemulsions, as ocular drug carriers. Journal of pharmaceutical sciences. 1996; 85(5):530-

620. 

65. Gupta A, Eral HB, Hatton TA, Doyle PS. Nanoemulsions: formation, properties and applications. Soft 

matter. 2016; 12(11):2826-41.  

66. Jadhav C, Kate V, Payghan S, Investigation of effect of non-ionic surfactant on preparation of griseofulvin 

non-aqueous nanoemulsion, J. Nanostruct. Chem. 2015;5(8): 107–113.  

67. Brüsewitz C, Schendler A, Funke A, Wagner T, Lipp R. Novel Poloxamer-based nanoemulsions to enhance 

the intestinal absorption of active compounds, International journal of pharmaceutics. 2007; 329(12):173-81.  

68. Erram reddy VV, Ghosh S. Influence of emulsifier concentration on nanoemulsion gelation. Langmuir. 

2014;30(37):62-74.  

69. Maher PG, Fenelon MA, Zhou Y, Optimization of β‐casein stabilized nanoemulsions using experimental 

mixture design. Journal of food science. 2011; 76(8):1108-17.  



www.ijppr.humanjournals.com 

Citation: Shweta Singh Chauhan et al. Ijppr.Human, 2020; Vol. 19 (1): 397-417. 415 

70. Mbela TK, Deharo E, Haemers A, Ludwig A. Biopharmaceutics: Submicron Oil‐in‐water Emulsion 

Formulations for Mefloquine and Halofantrine: Effect of Electric‐charge Inducers on Antimalarial Activity in 

Mice. Journal of pharmacy and pharmacology, 1998; 50(11):1221-5. 

71. Fernandes C, Soni U, Patravale V. Nanointerventions for neurodegenerative disorders. Pharmacological 

Research, 2010; 62(2):166-78. 

72. Kumar, M.; Misra, A.; Babbar, A.K.; Mishra, A.K.; Mishra, P.; Pathak, K. Intranasal nanoemulsion based 

brain targeting drug delivery system of risperidone. Int. J. Pharm. 2008, 358, 285–291. 

73. Kumar, M.; Misra, A.; Mishra, A.K.; Mishra, P.; Pathak, K. Mucoadhesive nanoemulsion-based intranasal 

drug delivery system of olanzapine for brain targeting. J. Drug Target. 2008, 16, 806–814. 

74. Yu, C.; Meng, J.; Chen, J.; Tang, X. Preparation of ergoloid mesylate submicron emulsions for enhancing 

nasal absorption and reducing nasal ciliotoxicity. Int. J. Pharm. 2009, 375, 16–21. 

75. Jain, N.; Akhter, S.; Jain, G.K.; Khan, Z.I.; Khar, R.K.; Ahmad, F.J. Antiepileptic intranasal Amiloride 

loaded mucoadhesive nanoemulsion: Development and safety assessment. J. Biomed. Nanotechnology. 2011, 7, 

142–143. 

76. Bahadur, S.; Pathak, K. Buffered nanoemulsion for nose to brain delivery of ziprasidone hydrochloride: 

Preformulation and pharmacodynamic evaluation. Curr. Drug Deliv. 2012, 9, 596–607. 

77. Mahajan, H.S.; Mahajan, M.S.; Nerkar, P.P.; Agrawal, A. Nanoemulsion-based intranasal drug delivery 

system of saquinavir mesylate for brain targeting. Drug Deliv. 2014, 21, 148–154. 

78. Pathak, R.; Dash, R.P.; Misra, M.; Nivsarkar, M. Role of mucoadhesive polymers in enhancing delivery of 

nimodipine microemulsion to brain via intranasal route. Acta Pharm. Sin. B 2014, 4, 151–160. 

79. Sood, S.; Jain, K.; Gowthamarajan, K. Optimization of curcumin nanoemulsion for intranasal delivery 

using design of experiment and its toxicity assessment. Colloids Surf. B Biointerfaces 2014, 113, 330–337. 

80. Pangeni, R.; Sharma, S.; Mustafa, G.; Ali, J.; Baboota, S. Vitamin E loaded resveratrol nanoemulsion for 

brain targeting for the treatment of Parkinson’s disease by reducing oxidative stress. Nanotechnology 

2014,25,485102. 

81. Nasr, M. Development of an optimized hyaluronic acid-based lipidic nanoemulsion co-encapsulating two 

polyphenols for nose to brain delivery. Drug Deliv. 2016, 23, 1444–1452. 

82. Yadav, S.; Gattacceca, F.; Panicucci, R.; Amiji, M.M. Comparative Biodistribution and Pharmacokinetic 

Analysis of Cyclosporine-A in the Brain upon Intranasal or Intravenous Administration in an Oil-in-Water 

Nanoemulsion Formulation. Mol. Pharm. 2015, 12, 1523–1533. 

83. Yadav, S.; Gandham, S.K.; Panicucci, R.; Amiji, M.M. Intranasal brain delivery of cationic nanoemulsion 

encapsulated TNFα siRNA in prevention of experimental neuroinflammation. Nanomedicine 2016, 12, 987–

1002. 

84. Parikh, R.H.; Patel, R.J. Nanoemulsions for Intranasal Delivery of Riluzole to Improve Brain 

Bioavailability: Formulation Development and Pharmacokinetic Studies. Curr. Drug Deliv. 2016, 13, 1130–

1143. 

85. Kumar, S.; Ali, J.; Baboota, S. Design Expert(®) supported optimization and predictive analysis of 

selegiline nanoemulsion via the olfactory region with enhanced behavioural performance in Parkinson’s disease. 

Nanotechnology 2016, 27, 435101. 

86. Ahmad, N.; Ahmad, R.; Alam, M.A.; Samim, M.; Iqbal, Z.; Ahmad, F.J. Quantification and evaluation of 

thymoquinone loaded mucoadhesive nanoemulsion for treatment of cerebral ischemia. Int. J. Biol. Macromol. 

2016, 88, 320–332.  

87. Pandey, Y.R.; Kumar, S.; Gupta, B.K.; Ali, J.; Baboota, S. Intranasal delivery of paroxetine nanoemulsion 

via the olfactory region for the management of depression: Formulation, behavioural and biochemical 

estimation. Nanotechnology 2016, 27, 025102. 

88. Boche, M.; Pokharkar, V. Quetiapine Nanoemulsion for Intranasal Drug Delivery: Evaluation of Brain-

Targeting Efficiency. AAPS Pharm Sci Tech 2017, 18, 686–696. 

89. Abdou, E.M.; Kandil, S.M.; Miniawy, H.M.F.E. Brain targeting efficiency of anti-migrain drug loaded 

mucoadhesive intranasal nanoemulsion. Int. J. Pharm. 2017, 529, 667–677. 

90. Ahmad, E.; Feng, Y.; Qi, J.; Fan, W.; Ma, Y.; He, H.; Xia, F.; Dong, X.; Zhao, W.; Lu, Y.; et al. Evidence 

of nose-to-brain delivery of nanoemulsions: Cargoes but not vehicles. Nanoscale 2017, 9, 1174–1183. 



www.ijppr.humanjournals.com 

Citation: Shweta Singh Chauhan et al. Ijppr.Human, 2020; Vol. 19 (1): 397-417. 416 

91. Colombo, M.; Melchiades, G.L.; Figueiró, F.; Battastini, A.M.O.; Teixeira, H.F.; Koester, L.S. Validation 

of an HPLC-UV method for analysis of Kaempferol-loaded nanoemulsion and its application to in vitro and in 

vivo tests. J. Pharm. Biomed. Anal. 2017, 145, 831–837. 

92. Colombo, M.; Figueiró, F.; de Fraga Dias, A.; Teixeira, H.F.; Battastini, A.M.O.; Koester, L.S. 

Kaempferol-loaded mucoadhesive nanoemulsion for intranasal administration reduces glioma growth in vitro. 

Int. J. Pharm. 2018, 543, 214–223. 

93. Haider, F.; Khan, S.; Gaba, B.; Alam, T.; Baboota, S.; Ali, J.; Ali, A. Optimization of rivastigmine 

nanoemulsion for enhanced brain delivery: In-vivo and toxicity evaluation. J. Mol. Liquids 2018, 255, 384–396. 

94. Musa, S.H.; Basri, M.; Masoumi, H.R.; Karjiban, R.A.; Malek, E.A.; Basri, H.; Shamsuddin, A.F. 

Formulation optimization of palm kernel oil esters nanoemulsion-loaded with chloramphenicol suitable for 

meningitis treatment. Colloids Surf. B Biointerfaces 2013, 112, 113–119. 

95. Ahmad, N.; Ahmad, R.; Alam, M.A.; Ahmad, F.J.; Amir, M. Impact of ultrasonication techniques on the 

preparation of novel Amiloride-nanoemulsion used for intranasal delivery in the treatment of epilepsy. Artificial 

Cells Nanomed. Biotechnology. 2018, 23, 1–16. 

96. El-Zaafarany, G.M.; Soliman, M.E.; Mansour, S.; Awad, G.A. Identifying lipidic emulsomes for improved 

oxcarbazepine brain targeting: In vitro and rat in vivo studies. Int. J. Pharm. 2016, 503, 127–140. 

97. Pardeshi C, Belgamwar V, Direct nose to brain drug delivery via integrated nerve pathways bypassing the 

blood-brain barrier: an excellent platform for brain targeting, Expert opinion on drug delivery, 2013;10(7):57-

72. 37.  

98. Ozsoy Y, Gungor S, Cevher E. Nasal delivery of high molecular weight drugs. Molecules, 2009;14(9):54-

79. 

99. Jain N, Akhter S, Jain G, Khan Z, Khar R, Ahmad F, Antiepileptic intranasal Amiloride loaded 

mucoadhesive nanoemulsion: Development and safety assessment, J. Biomed, Nanotechnology. 2011; 7(2): 

142–143. 

100. Wani Rakesh and Singh Anoop., A Review on Intranasal Nanoemulsion Based Brain Targeting Drug 

Delivery System., Indo Am. J. P. Sci, 2019; 06(10). 

101. Bonferoni, M.C.; Rossi, S.; Sandri, G.; Ferrari, F.; Gavini, E.; Rassu, G.; Giunchedi, P. Nanoemulsions for 

“Nose-to-Brain” Drug Delivery. Pharmaceutics 2019, 11, 84. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



www.ijppr.humanjournals.com 

Citation: Shweta Singh Chauhan et al. Ijppr.Human, 2020; Vol. 19 (1): 397-417. 417 

 

Author Name – Shweta Singh Chauhan 

Author Affiliation: Department of Pharmaceutics, KIET School of 

Pharmacy, KIET Group of Institutions. 

Author Address/Institute Address: Delhi-NCR, Ghaziabad-Meerut 

Road, NH 58, Ghaziabad, Uttar Pradesh 201206 

 

Author Name: Ayush 

Author Affiliation: Department of Pharmaceutics, KIET School of 

Pharmacy, KIET Group of Institutions. 

Author Address/Institute Address: Delhi-NCR, Ghaziabad-Meerut 

Road, NH 58, Ghaziabad, Uttar Pradesh 201206 

 

Author Name: Dr. (Prof.) Jagannath Sahoo 

Author Affiliation: Department of Pharmaceutics, KIET School of 

Pharmacy, KIET Group of Institutions. 

Author Address/Institute Address: Delhi-NCR, Ghaziabad-Meerut 

Road, NH 58, Ghaziabad, Uttar Pradesh 201206 

 

Author Name: Ms. Kiran Sharma 

Author Affiliation: Department of Pharmaceutics, KIET School of 

Pharmacy, KIET Group of Institutions. 

Author Address/Institute Address: Delhi-NCR, Ghaziabad-Meerut 

Road, NH 58, Ghaziabad, Uttar Pradesh 201206 

 


