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Intranasal administration has demonstrated the ability to cross the blood-brain 
barrier (BBB) and deliver medications to the central nervous system (CNS) more 
quickly and extensively than other common routes. Although the mechanism of 
drug transport from the nose to the brain is not entirely known, it is thought that 
numerous neural pathways including the olfactory and trigeminal, are involved. 
Comprehensive research is being done on intranasal nanoemulsion (NE) for brain 
targeting. Formulations from the area of nanomedicine include nanoemulsions. 
They are made up of emulsions, which are typically oil in water (sizes between 100 
and 300 nm or less), stabilised by one or more surfactants, and subsequently co-
surfactants, and delivered as small droplets with a large surface area. To slow down 
rapid nasal clearance, a mucoadhesive polymer, like chitosan, might be added to 
the formulation. Nasal nanoemulsions have the potential to be a reliable, non-
invasive, and safe drug delivery method for the treatment of CNS diseases as they 
can target specific areas of the brain. The present developments of intranasal 
nanoemulsion are the main subject of this review, with a focus on the current 
difficulties that could serve to guide the direction of future research.  
 

 

© KESS All rights reserved 
 

 

Keywords: 
Nanoemulsion,  
Blood Brain Barrier,  
Central Nervous System,  
Chitosan,  
Mucoadhesive. 

 

 

INTRODUCTION 
The central nervous system's (CNS) 
microvasculature has the unique ability to 
operate as a biological barrier, safely regulating 
the transport of any molecule in the brain. These 
continuous non-fenestrated blood capillaries are 
known as blood brain barrier (BBB), which 
separates the brain from the rest of the body 
physically [1]. Atdistinct layers of the human 
brain, the BBB and cerebrospinal fluid (CSF) 
protect the brain from numerous external 
threats, such as toxins or infections, and 
maintain its unique physiological nature [2]. 
 
Recently discovered approaches for treating 
brain problems have been categorised as either 
invasive or non-invasive. Invasive techniques 
include temporarily disrupting the BBB to 
facilitate drug entrance into the CNS, as well as 
direct drug delivery by intraventricular or 
intracerebral administration [3]. Exogenous 
elements are reported to be delivered directly 
from the nose to the brain via the olfactory and 
trigeminal nerve pathways, bypassing the BBB [4-

6].  
 

*Author for Correspondence: 
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The olfactory region of the nasal cavity can be 
used to deliver medications to the central 
nervous system by acting as a link between the 
nose and the brain [7]. Olfactory region has a 
direct connection to the CNS due to the presence 
of olfactory receptors, neurons, and its axon send 
in the olfactory bulb. The only area of the body 
where the CNS is in contact with the external 
environment is the olfactory region [8]. The active 
moieties can be taken directly into the brain 
from the olfactory area via the olfactory and 
trigeminal nerve routes [9]. 
 
Intranasal administration for targeted delivery to 
the brain can be beneficial and can help to 
overcome the drawbacks of other administration 
routes [10].  Following intranasal administration, 
it is seen that the drug is delivered to the brain in 
greater quantity and more rapidly [11, 12]. There 
has recently been a lot of interest in researching 
the intranasal route for drug transport to the 
brain via the olfactory mucosa, though some 
results are contradictory in this regard [13-16]. 
Successful intra nasal drug delivery to the brain 
has been reported by researchers using a variety 
of nanoparticle, nanoemulsion (NE), liposome, 
and microsphere [17]. 
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The ability of NE formulation to protect the 
enclosed drug from biological and/or chemical 
degradation and extracellular transport makes 
nose-to-brain drug administration more effective 
[18]. NEs are substantially absorbed by intranasal 
administration due to their lipophilic nature and 
small globule sizes, which result in increased 
uptake by the nasal mucosa [12]. Due to its ease of 
solubilizing hydrophobic drugs, ability to lessen 
severe side effects, and ease of modification into 
next-generation smart nanomaterials, NEs have 
enormous potential as effective nanomedicines 
[19-24]. 

 
Nose Anatomy  
The nasal septum divides the nasal cavity into 
two sections along its middle. The  two  cavities  
open  to  the facial  side  through  the  anterior  
nasal  apertures  and  to  the rhinopharynx  via  
the  posterior  nasal  apertures [9]. The three 
anatomically separate regions, the vestibular, the 
respiratory, or the olfactory in each nostril 
following intranasal delivery. Each nasal cavity's 
anterior portion contains the vestibular region, 
which has a total surface area of about 0.6 cm2. 
Also, nasal valve is located in vestibular region. 
The respiratory region is the largest, measuring 
around 130 cm2 in total surface area possesses 
the highest level of vascularity and is primarily in 
charge of facilitating systemic drug absorption 
over nasal mucosa [25]. The olfactory area is 
crucial in the transfer of drugs to the CNS. 
Olfactory cells are present in the human olfactory 
mucosa, which is on the nasal cavity's roof. 
 
Possible Nasal Transportation Pathways to 
the Brain 
1. Olfactory Neuronal Pathways 
This is thought to be one of the main routes via 
which drugs are absorbed into the brain intra 
nasally. Olfactory neurons are dispersed 
throughout the basal cells, microvillar cells, and 
supporting cells (sustentacular cells) in the 
olfactory region at the roof of the nasal cavity, 
where olfactory neural pathways originate [25]. 
To reach the olfactory neurons, the drug delivery 
must pass via the olfactory epithelium [26]. Three 
mechanisms, including passive diffusion, 
paracellular mobility, and neuronal cell 
endocytosis, control the drug's transmembrane 
transport. Passive diffusion is mostly used for the 
transportation of lipophilic drugs, whereas 
paracellular movement is used for the 
transportation of hydrophilic drugs [17]. These 
mechanisms are greatly impacted by a drug's 
molecule's lipophilicity and molecular weight [27]. 

2. Trigeminal Nerve Pathways 
Trigeminal nerve serves as an important target 
for CNS drug delivery because it innervates the 
respiratory region and enters the CNS through 
the pons [28, 29]. Additionally, a trigeminal nerve 
branch terminates in the olfactory bulbs [30]. On 
one end, it innervates the nasal olfactory 
epithelium, while on the other it enters the brain 
through two separate sites: near to the pons and 
cerebrum of the brain, as well as, to a lesser 
extent, the frontal brain and olfactory bulb [31]. 
The ophthalmic, maxillary, or mandibular 
divisions of the trigeminal nerve carry sensory 
information from the nasal cavity, oral cavity, 
eyelids, and cornea to the CNS [25]. 
 
Researchers found evidence that the olfactory 
and trigeminal pathways can transfer insulin-like 
growth factor-I to the CNS when administered 
intranasally [32]. The data from the previous 
authors showed that a significant amount of 
insulin-like-growth factor-I was transported via 
trigeminal pathways, even if it was difficult to 
distinguish the degree of drug transport to the 
brain between olfactory and/or trigeminal 
pathways [33]. 
 
3. Cerebrospinal Fluid and Lymphatic 
Pathways 
Olfactory nerves enclosed in the perineurial 
space provide a connection between the nasal 
lymphatic system and the CSF of the 
subarachnoid space of the brain [34]. Researchers 
have identified a relationship between the CSF-
lymphatic channels of drug transport from the 
nose to the brain even though no specific 
investigation has been conducted on these 
pathways [34]. The nasal lymphatic system and 
cervical lymph node were shown to be reached 
by radioactively labelled tracer that was 
introduced into the CSF through pathways 
connected to olfactory nerves [35]. These channels 
are likely capable of carrying drugs administered 
into the nasal cavity to the CSF and perivascular 
region for distribution to the other parts of the 
brain [17]. Drugs' lipophilicity, molecular weight, 
and level of ionisation all affect how they are 
transported and distributed in the CSF [36]. The 
distribution improves as lipophilicity increases. 
It is experimentally difficult to understand the 
individual contribution of different pathways to 
drug transport from the nose to the brain. 
However, several radio-labeled tracer studies 
may help to understand the drug delivery 
pathways from the nose to the brain [17]. 
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Nanoemulsion 
NEs are oil-in-water (O/W) or water-in-oil 
(W/O) dispersions of two immiscible liquids 
stabilized with the proper surfactant(s), with a 
mean droplet diameter of approximately 100 nm, 
although in the literature upper size limits up to 
300 nm have been reported [37-39]. Due to the 

small droplet size of NEs, destabilizing events 
including coalescence, creaming, and 
sedimentation are hindered, and as a result, NEs 
are characterized by a greater surface area 
compared to other formulations and by long-
term physical stability [40]. 
 

 

 

Figure 1: Oil-in-water and water-in-oil emulsions. Nanoemulsions are disequilibrated systems of oil-
in-water (O/W) or water-in-oil (W/O) emulsions. 

 
1. Components of Nanoemulsion 
1.1. Oil 
The size of NE globules typically increases as oil 
concentration in the formulation rises [41]. The 
drug's ability to permeate the nasomucosa is 
decreased by larger globules. In order to 
effectively dissolve the drug, the ideal quantity of 
oil is chosen. It is possible for the oil to facilitate 
drug permeation through the nasal mucosa when 
employed as a permeation enhancer. 
 
1.2. Surfactant 
The essential ingredient in NE, surfactants aid to 
lower surface tension, prevent the coalescence of 
globules, and prevent phase separation. A 
surfactant should be able to dissolve a large 
enough amount of the drug to exhibit improved 
drug loading. Surfactant influences both the 
globule size and stability of the NE. As a result, it 
significantly affects the drug's ability to permeate 

the nasomucosa. Evidence suggests that a higher 
surfactant ratio reduces globule size. The degree 
of nasomucosal penetration increases with 
decreasing globule size [17, 42]. 

 
1.3. Co-surfactant 
In NE, single chain surfactants predominate, 
which might not significantly reduce interfacial 
tension [43].  Therefore, co-surfactants are used in 
NE to support surfactant in lowering surface 
tension and controlling interfacial phenomena 
[44]. Similar to surfactant co-surfactant 
concentration increases improve drug 
permeability by reducing globule size [43]. 

 
2. Preparation Methods of Nanoemulsion 
NEs can be made using a variety of methods that 
can be divided into two categories: High-energy 
method and low-energy method.  
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A. High-energy Method 
In the case of high-energy methods, such as 
ultrasonication and high pressure 
homogenization, the formation of the small 
droplets involves a mechanical device that 
generates disruptive forces breaking up the oil 
and water phases to produce the droplets, a 
process that uses a lot of energy. High pressure 
homogenizers, ultrasounds, and microfluidic 
devices are used [40, 45]. 
 

1. High Pressure Homogenization Method 
1.1 Microfluidizer 
To reduce size, a microfluidizer simultaneously 
uses hydraulic shear, impact, attrition, 
impingement, severe turbulence, and cavitation. 
It uses a high-pressure displacement pump 
(between 500 and 50,000 psi) to drive feed 
material through a chamber with microchannels 
to create very small droplets. Typically, a coarse 
emulsion is cycled through a microfluidizer 
several times (up to 100 times), until the 
appropriate size and dispersity is achieved. The 
impaction energy produced by the collision of 
droplets dissipates as heat and necessitates 
cooling [46]. The Weber number, a dimensionless 
number used in fluid mechanics that analyses 
fluid flow patterns and correlates 
homogenization effectiveness with the ratio of 
viscosities in the dispersed and continuous 
phases, can be a useful starting point for 
determining the overall effectiveness of high 
pressure homogenization [47]. The biggest benefit 
of this highly scalable process is that the source 
material itself causes the reduction, therefore 
there is no contamination of the feedstock [46]. 

 
1.2 Piston Gap Homogenizer 
On the same basis as colloid mills, piston gap 
homogenizers operate. Between a stationary 
stator and a fast rotating rotor, a narrow gap 
(less than 10μm in dimension) is created that 
allows a coarse emulsion to pass through. High 
shear, stress, and grinding forces produced 
between the rotor and stator cause size 
reduction [48]. The upper ceiling of droplet size 
can be determined by setting the dissipation gap 
to the necessary size, which implies that a yield 
won't be produced until the emulsion is ground 
down to a size that is equal to or smaller than the 
gap between the rotor and stator [46]. 

 
2. Ultrasonication 
Due to the high acoustic energy applied to the oil 
phase by ultrasound, this method is frequently 
used in NE research and results in finely 

dispersed NEs [49]. The ultrasound probe 
oscillates while producing amplified sound 
waves that cause fast cavitation bubbles. The 
acoustic energy pulls and rips the dispersed 
phase, precisely shearing it into droplets [50, 51]. 
The results of an analysis of the operating 
parameters show that as the sonication time and 
input power are increased, the droplet size 
decreases [52]. The functionality of the probes in 
an ultrasonicator is influenced by the range of 
possible dimensions. For working on lower 
volume batches, typically narrower probes are 
preferred [46]. Although ultrasonication can 
create well-dispersed NEs, the process is not 
scalable because to the high heat output, the 
difficulty of using ultrasounds with viscous 
solutions, and the short working distance of the 
probe head [53, 54]. 
 
B. Low-energy Method 
The low-energy techniques use particular 
physicochemical processes to form small 
droplets without using a lot of energy, such as 
phase inversion temperature and emulsion 
inversion points. The droplets are formed in the 
low-energy methods when the system 
experiences a phase inversion in response to 
changes, such as those in composition or 
temperature, and then moves through a low 
interfacial tension state [55]. 

 
1. Phase Inversion Method 
The phase inversion temperature method entails 
combining two immiscible phases with a 
surfactant at a high temperature to produce a 
W/O emulsion that, when cooled, inverts to 
produce an O/W emulsion [56-58]. The phase 
inversion approach is based on the phases that 
change during emulsification. These phase 
transitions, which are caused by modifications in 
the surfactant's spontaneous curvature, can be 
produced either at constant composition or 
temperature by altering the system's 
composition using the emulsion inversion point 
(EIP) approach [59]. The hydrophilic-lipophilic 
balance of the surfactant, the concentration of 
the surfactant, the water-to-oil ratio, and the 
difference between the ambient temperature and 
the phase transition temperature all contribute 
to stabilizing this process [53]. 
 
2. Spontaneous Emulsification 
By using this technique, NEs can be developed at 
room temperature without the need for any 
specialised tools. To create O/W NEs, water is 
gradually added to an oil and surfactant solution 
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while maintaining a steady temperature and 
gently stirring. Interfacial tension, interfacial and 
bulk viscosity, phase transition area, surfactant 
structure, and surfactant concentration are the 
primary determinants of the spontaneity of the 
emulsification process [60]. The main drawbacks 
of this approach are the solvent's presence and 
the small amount of the oil phase [61-63]. 

 
3. Solvent Displacement Method 
This technique involves adding the organic 
phase, which contains the oil dissolved in a 
solvent like ethanol or acetone, to the aqueous 
phase, which contains the surfactants, to create 
NEs at room temperature. Emulsification 
happens spontaneously when organic solvent 
diffuses, and it can later be eliminated via 
vacuum evaporation. To prepare small droplets, 
a lot of solvent must be added to the oil [64, 65]. 

 

3. Mucoadhesive Intranasal Nanoemulsion 
The developed formulation can be bioadhered to 
the application site via interfacial forces, 
allowing retention for an extended period of 
time. This is accomplished by modifying the NE 
system with mucoadhesive components. 
Increased retention at the application area 
causes the drug to be incorporated to be 
absorbed for longer [66]. Reduced mucociliary 
clearance was clearly visible in the posterior part 
of the nasal cavity with the addition of 0.5% 
chitosan to help the NE adhere to mucous 
membranes. According to this study, the NE 
made with chitosan travels directly from the 
nose to the brain [67]. Extending residence 
periods at the olfactory epithelium was 
successfully accomplished by mucoadhesive 
compounds including pectin and chitosan, which 
were examined by Charlton et al [68, 69].  
 

Table 1: Examples of nanoemulsion-based approaches for brain targeting through intranasal drug 
delivery 

Drug Therapy for NE preparation method Characterization Parameters Ref. 

Amiloride Antiepileptic High pressure 
homogenization 

DS= 89.36±11.18 nm 

PDI= 0.231±0.018 

ZP= −9.83±0.12 mV 

[70] 

Zolmitriptan Migraine Ultra probe sonicator DS= 54.63±3.24nm 

PDI= 0.17±0.01 

ZP= −0.086±0.014 mV 

[54] 

Kaempferol Neuroprotective and 
anti-tumor 

High pressure 
homogenization 

DS= 170.4±4.1 nm 

PDI= 0.155±0.015 

ZP= −18.71±1.72 

[71] 

Cyclosporine-A Neuroprotective Ultra sonication DS= 158.47±3.02 nm 

ZP= −30 mV 

[72] 

Resveratrol Parkinson’s disease Spontaneous emulsification 

 

DS= 176.3±3.5 nm 

PDI= 0.17±0.03 

ZP= 18.5±1.77 mV 

[73] 

Selegiline Parkinson’s disease High pressure homogeniser DS= 61.43±4.10 nm 

PDI= 0.203±0.005 

ZP= −34.00±0.17 mV 

[74] 

Ziprasidone 
hydrochloride 

Antipsychotic Spontaneous emulsification DS= 145.24±4.75 nm 

PDI= 0.186±0.40 

ZP= −30.2±3.21 mV 

[75] 

Quetiapine Antipsychotic Ultra probe sonicator DS= 144±0.5 nm [76] 

Abbreviations: DS= droplet size, PDI= polydispersity index, ZP= zeta potential. 

 
4. Evaluation Parameters of Nanoemulsion 
4.1. Droplet Size 
The diffusion method is used to measure the 
droplet size analysis of NE utilising the light-
scattering, particle size analyser counter, LS 230. 
Additionally, it was assessed via correlation 
spectroscopy, which examines variations in light 
scattering brought on by Brownian motion [77]. 

4.2. Polydispersity 
It shows the uniformity of droplet size in the NE. 
The uniformity of droplet size in a NE will 
decrease as polydispersity increases. It can be 
characterised as the standard deviation to mean 
droplet size ratio. A spectrophotometer is used 
to measure it [77]. 
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4.3. Zeta Potential 
Zeta PALS is a device used to measure zeta 
potential. It is utilised to determine the charge on 
a droplet's surface in a NE [78]. 

 
4.4. Transmission Electron Microscopy (TEM)  
On a carbon-coated grid, a droplet of the NE is 
applied, and it quickly absorbs there. Then the 
stain is applied using an aqueous solution of a 
heavy metal salt. The material is thereafter 
allowed to dry before being examined by a TEM 
at room temperature [79]. 

 
4.5. Viscosity Determination 
A Brookfield-type rotational viscometer is used 
to measure the viscosity of NE at various 
temperatures and shear rates [77]. 

 
4.6. Refractive Index 
An Abbe's refractrometer was used to calculate 
the NE formulation's refractive index [80]. 

 
4.7. Drug Content 
Preweighed NE is extracted by dissolving in a 
suitable solvent, and the extract is then tested 
against a drug reference solution using a 
spectrophotometer or HPLC [81]. 

 
4.8. Percentage Transmittance 
A UV-visible spectrophotometer is used to 
determine the NE's percentage transmittance [77]. 

 
4.9. Thermodynamic Stability Study 
The sample was kept at normal temperature 
(25˚C) and at refrigerator temperature (4˚C) for 
stability experiments on optimized NEs. Three 
months were spent doing these studies. During 
storage, the droplet size, viscosity, and refractive 
index were measured using the techniques 
mentioned above. Three different batches of 
formulations were put into glass vials and stored 
at accelerated temperatures of 30˚C, 40˚C, 50˚C, 
and 60˚C while being exposed to ambient 
humidity. The samples were taken out at regular 
intervals of 0, 1, 2, and 3 months, and the drug 
content was determined using an HPLC method 
that indicates stability. Zero time samples were 
used as controls. To ensure that the excipients 
employed in the formulations did not interact, 
samples of pure oil, pure surfactant and 
cosurfactant were run separately. Calculations 
were made to determine how much of the drug 
was present and how much had been degraded 
over time. The graphical method was used to 
establish the order of degradation. At each 
temperature, the degradation rate constant (K) 

was calculated. To assess the shelf life of the 
improved NEs formulation, an Arrhenius plot 
was created between log K and 1/T. By 
extrapolating the value of 25˚C from the 
Arrhenius plot, the degradation rate constant at 
25˚C (K25) was found. The shelf life (T0.9) for 
each formulation was determined by using the 
formula [80, 82]. 

 
Current Challenges and Future Prospects 
The existence of BBB frequently limits effective 
noninvasive treatment of CNS disorders [83]. It is 
becoming more and more obvious that crossing 
the BBB and delivering drugs to the CNS is a 
difficult task that calls for close cooperation and 
group efforts from researchers in a number of 
fields, including pharmaceutical sciences, 
biological chemistry, physiology, and 
pharmacology [84]. 

 
While intranasal NEs may be a potential method 
for delivering drugs directly to the brain, the 
effectiveness of this route depends on a variety 
of factors [7]. Effective transport to the olfactory 
region of the nares, prolonged retention duration 
over the nasal mucosal surface, and a reduction 
in drug metabolism in the nasal cavity are the 
main criteria that influence the efficacy of 
delivery by this route [85]. 

 
The crucial criterion for an efficient 
pharmaceutical action is the total drug dose 
delivered at the site of the drug action. The 
biodistribution of the drug throughout the brain 
and how that relates to an appropriate dose may 
be an expanding topic of research because the 
brain is a dynamic organ [86]. To better 
understand drug delivery to the brain, 
comprehensive computer models are required to 
describe aspects like drug release and the 
transfer of drug molecules across the mucus 
layer. These models are also needed to aid in the 
planning, carrying out, and analysis of current 
and upcoming experimental studies [87-89]. 

 
The potential advantages of intranasal NE, there 
is no doubt that this direct nose to brain drug 
delivery system would have a promising future 
in the pharmaceutical industry and would 
definitely result in the introduction of numerous 
commercial products to the pharmaceutical 
market in the near future. 
 
CONCLUSION 
The BBB must be bypassed for medications to 
enter the CNS, making neurological disorders 
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difficult to treat at the moment. To get around 
this issue, several solutions have been put forth. 
For brain targeting, intranasal delivery is a 
feasible and non-invasive method. The direct 
nose to brain drug delivery system is one 
possible tactic for overcoming the BBB's 
challenges. Certain parts of the brain may be 
directly accessible through the olfactory and 
trigeminal routes that would not otherwise be 
possible. Optimization of these routes is still 
necessary.  
 
In the field of nanomedicine, NE formulations are 
becoming increasingly significant. They are 
suitable for nose-to-brain administration due to 
their features (high surface area nanodroplets). 
With the use of industrial techniques like high-
pressure homogenization and ultrasonication, 
they are easily produced on a larger scale. 
To slow down mucociliary clearance, 
mucoadhesive polymers could be added to the 
NE. Mucoadhesion is enhanced by the inclusion 
of chitosan as an extra excipient. As seen by 
Table 1, there are numerous instances of current 
NE-loaded drugs with various therapeutic 
objectives in brain diseases in the literature. By 
improving nasal permeability, NE enhance nasal 
absorption and achieve great therapeutic 
efficacy. 
 
The future of NE-based intranasal brain-targeted 
drug delivery appears bright, but more 
fundamental research is required. 
 
REFERENCES 
[1] Choudhury, H., Gorain, B., Pandey, M., 

Khurana, R. K., & Kesharwani, P. (2019). 
Strategizing biodegradable polymeric 
nanoparticles to cross the biological 
barriers for cancer targeting. International 
journal of pharmaceutics, 565, 509–522. 

[2] Engelhardt, B., & Liebner, S. (2014). Novel 
insights into the development and 
maintenance of the blood-brain 
barrier. Cell and tissue research, 355(3), 
687–699. 

[3] Pardridge WM. Blood–brain barrier 
delivery. Drug discovery today. 2007 Jan 1; 
12(1-2): 54-61. 

[4] Illum L. Nasal drug delivery: new 
developments and strategies. Drug 
discovery today. 2002 Dec 1;7(23):1184-9. 

[5] Illum, L., Hinchcliffe, M., & Davis, S. S. 
(2003). The effect of blood sampling site 
and physicochemical characteristics of 
drugs on bioavailability after nasal 

administration in the sheep 
model. Pharmaceutical research, 20(9), 
1474–1484. 

[6] Mistry, A., Stolnik, S., & Illum, L. (2009). 
Nanoparticles for direct nose-to-brain 
delivery of drugs. International journal of 
pharmaceutics, 379(1), 146–157. 

[7] Bahadur, S., & Pathak, K. (2012). Buffered 
nanoemulsion for nose to brain delivery of 
ziprasidone hydrochloride: preformulation 
and pharmacodynamic evaluation. Current 
drug delivery, 9(6), 596–607. 

[8] Selvaraj, K., Gowthamarajan, K., & Karri, V. 
(2018). Nose to brain transport pathways 
an overview: potential of nanostructured 
lipid carriers in nose to brain 
targeting. Artificial cells, nanomedicine, 
and biotechnology, 46(8), 2088–2095. 

[9] Illum L. (2000). Transport of drugs from 
the nasal cavity to the central nervous 
system. European journal of 
pharmaceutical sciences : official journal of 
the European Federation for 
Pharmaceutical Sciences, 11(1), 1–18. 

[10] Wu, H., Hu, K., & Jiang, X. (2008). From nose 
to brain: understanding transport capacity 
and transport rate of drugs. Expert opinion 
on drug delivery, 5(10), 1159–1168. 

[11] Vyas, T. K., Babbar, A. K., Sharma, R. K., 
Singh, S., & Misra, A. (2006). Intranasal 
mucoadhesive microemulsions of 
clonazepam: preliminary studies on brain 
targeting. Journal of pharmaceutical 
sciences, 95(3), 570–580. 

[12] Vyas, T. K., Babbar, A. K., Sharma, R. K., & 
Misra, A. (2005). Intranasal mucoadhesive 
microemulsions of zolmitriptan: 
preliminary studies on brain-
targeting. Journal of drug targeting, 13(5), 
317–324. 

[13] Bagger M, Bechgaard E. A microdialysis 
model to examine nasal drug delivery and 
olfactory absorption in rats using lidocaine 
hydrochloride as a model drug. 
International journal of pharmaceutics. 
2004 Jan 28; 269(2): 311-22. 

[14] Bagger MA, Bechgaard E. The potential of 
nasal application for delivery to the central 
brain—a microdialysis study of fluorescein 
in rats. European journal of pharmaceutical 
sciences. 2004 Feb 1; 21(2-3): 235-42. 

[15] Dahlin M, Björk E. Nasal absorption of (S)-
UH-301 and its transport into the 
cerebrospinal fluid of rats. International 
journal of pharmaceutics. 2000 Feb 15; 
195(1-2): 197-205. 



 Swarupa Shirke and Jameel Ahmed Mulla / Indian Journal of Novel Drug Delivery 15(1), Jan-Mar, 2023, 1-11 

 8 

[16] Hussain MA, Rakestraw D, Rowe S, Aungst 
BJ. Nasal administration of a cognition 
enhancer provides improved 
bioavailability but not enhanced brain 
delivery. Journal of pharmaceutical 
sciences. 1990 Sep 1; 79(9): 771-2. 

[17] Chatterjee, B., Gorain, B., Mohananaidu, K., 
Sengupta, P., Mandal, U. K., & Choudhury, H. 
(2019). Targeted drug delivery to the brain 
via intranasal nanoemulsion: Available 
proof of concept and existing 
challenges. International journal of 
pharmaceutics, 565, 258–268. 

[18] Mahajan, H. S., Mahajan, M. S., Nerkar, P. P., 
& Agrawal, A. (2014). Nanoemulsion-based 
intranasal drug delivery system of 
saquinavirmesylate for brain 
targeting. Drug delivery, 21(2), 148–154. 

[19] Sutradhar K, Amin M. Nanoemulsions: 
increasing possibilities in drug delivery. 
European Journal of Nanomedicine. 2013; 
5(2): 97-110. 

[20] Mulla JA, Mabrouk M, Choonara YE, Kumar 

P, Chejara DR, du Toit LC, Pillay V. 

Development of respirable rifampicin-

loaded nano-lipomer composites by 

microemulsion-spray drying for pulmonary 

delivery. Journal of Drug Delivery Science 

and Technology. 2017 Oct 1; 41: 13-9. 

[21] Mulla JA, Khazi MI, Khan AY, Gong YD, 

Khazi IA. Design, Characterization and In 

vitro Evaluation of Imidazo [2, 1-b][1, 3, 4] 

thiadiazole Derivative Loaded Solid Lipid 

Nanoparticles. Drug Invention Today. 2012 

Aug 1; 4(8). 

[22] Mulla JAS, Shetty NS, Panchamukhi SI, 

Khazi IAM. Formulation, Characterization 

and in vitro Evaluation of Novel 

Thienopyrimidines and 

Triazolothienopyrimidines Loaded Solid 

Lipid Nanoparticles. International Journal 

of Research in Ayurveda & Pharmacy. 

2010; 1(1): 192-200. 

[23] Mulla JA, Suresh S, Khazi IA. Formulation, 

characterization and in vitro evaluation of 

methotrexate solid lipid nanoparticles. 

Research J. Pharm. and Tech. 2009 Oct; 

2(4):685-9. 

[24] Mulla JS, Khazi IM. Influence of Process 

Variables on Particle Size of Solid Lipid 

Nanoparticles. Indian Journal of Novel Drug 

Delivery2009; 1(1): 47-49. 

[25] Misra, A., & Kher, G. (2012). Drug delivery 
systems from nose to brain. Current 
pharmaceutical biotechnology, 13(12), 
2355–2379. 

[26] Agrawal, M., Saraf, S., Saraf, S., Antimisiaris, 
S. G., Chougule, M. B., Shoyele, S. A., & 
Alexander, A. (2018). Nose-to-brain drug 
delivery: An update on clinical challenges 
and progress towards approval of anti-
Alzheimer drugs. Journal of controlled 
release: official journal of the Controlled 
Release Society, 281, 139–177. 

[27] Bhise, S., Yadav, A., Avachat, A., Malayandi, 
R., 2008. Bioavailability of intranasal 
drugdelivery system. Asian J. Pharm. 2, 201 

[28] Crowe, T. P., Greenlee, M., Kanthasamy, A. 
G., & Hsu, W. H. (2018). Mechanism of 
intranasal drug delivery directly to the 
brain. Life sciences, 195, 44–52. 

[29] Lochhead, J. J., & Thorne, R. G. (2012). 
Intranasal delivery of biologics to the 
central nervous system. Advanced drug 
delivery reviews, 64(7), 614–628. 

[30] Schaefer, M. L., Böttger, B., Silver, W. L., & 
Finger, T. E. (2002). Trigeminal collaterals 
in the nasal epithelium and olfactory bulb: 
a potential route for direct modulation of 
olfactory information by trigeminal 
stimuli. The Journal of comparative 
neurology, 444(3), 221–226. 

[31] Crowe, T.P., Greenlee, M.H.W., Kanthasamy, 
A.G., Hsu, W.H., 2018. Mechanism of in-
tranasal drug delivery directly to the brain. 
Life Sci. 195, 44–52. 

[32] Samaridou, E., Alonso, M.J., 2018. Nose-to-
brain peptide delivery–the potential of na-
notechnology. Bioorg. Med. Chem. 26, 
2888–2905. 

[33] Thorne, R.G., Pronk, G.J., Padmanabhan, V., 
Frey, W.H., 2004. Delivery of insulin-like 
growth factor-I to the rat brain and spinal 
cord along olfactory and trigeminal 
pathways following intranasal 
administration. Neuroscience 127, 481–
496. 

[34] Pardeshi, C. V., & Belgamwar, V. S. (2013). 
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, 10(7), 957–972. 

[35] Johnston, M., Zakharov, A., Papaiconomou, 
C., Salmasi, G., Armstrong, D., 2004. 
Evidence of connections between 
cerebrospinal fluid and nasal lymphatic 
vessels in humans, non-human primates 



 Swarupa Shirke and Jameel Ahmed Mulla / Indian Journal of Novel Drug Delivery 15(1), Jan-Mar, 2023, 1-11 

 9 

and other mammalian species. 
Cerebrospinal FluidRes. 1, 2. 

[36] Nau, R., Sörgel, F., Eiffert, H., 2010. 
Penetration of drugs through the blood-
cerebrospinal fluid/blood-brain barrier for 
treatment of central nervous system 
infections. Clin.Microbiol. Rev. 23, 858–
883. 

[37] Comfort, C., Garrastazu, G., Pozzoli, M., & 
Sonvico, F. (2015). Opportunities and 
challenges for the nasal administration of 
nanoemulsions. Current topics in medicinal 
chemistry, 15(4), 356–368. 

[38] 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 (Oenotherabiennis) oil 
nanoemulsions. RevistaBrasileira de 
Farmacognosia 2015, 25, 422–425. 

[39] Anton, N., Benoit, J. P., & Saulnier, P. (2008). 
Design and production of nanoparticles 
formulated from nano-emulsion templates-
a review. Journal of controlled release: 
official journal of the Controlled Release 
Society, 128(3), 185–199. 

[40] Bonferoni, M. C., Rossi, S., Sandri, G., 
Ferrari, F., Gavini, E., Rassu, G., & Giunchedi, 
P. (2019). Nanoemulsions for "Nose-to-
Brain" Drug 
Delivery. Pharmaceutics, 11(2), 84 

[41] Choudhury, H., Gorain, B., Karmakar, S., 
Biswas, E., Dey, G., Barik, R., Mandal, M., Pal, 
T. K., 2014. Improvement of cellular 
uptake, in vitro antitumor activity and 
sustained release profile with increased 
bioavailability from a nanoemulsion 
platform. Int. J.Pharm. 

[42] Hosny, K.M., Banjar, Z.M., 2013. The 
formulation of a nasal nanoemulsion 
zaleplon in situ gel for the treatment of 
insomnia. Expert Opin. Drug Deliv. 10, 
1033–1041. 

[43] Sood, S., Jain, K., Gowthamarajan, K., 2014. 
Optimization of curcumin nanoemulsion 
for intranasal delivery using design of 
experiment and its toxicity assessment. 
Colloids Surfaces B Biointerfaces 113, 330–
337. 

[44] Azeem, A., Rizwan, M., Ahmad, F.J., Iqbal, Z., 
Khar, R.K., Aqil, M., Talegaonkar, S., 2009. 
Nanoemulsion components screening and 
selection: a technical note. 
AAPSPharmSciTech 10, 69–76. 

[45] Prakash U., R. T., and P. Thiagarajan. 
Nanoemulsions for Drug Delivery through 

Different Routes. Research in 
Biotechnology, vol. 2, no. 3, June 2011. 

[46] Singh, Y., Meher, J. G., Raval, K., Khan, F. A., 
Chaurasia, M., Jain, N. K., & Chourasia, M. K. 
(2017). Nanoemulsion: Concepts, 
development and applications in drug 
delivery. Journal of controlled release: 
official journal of the Controlled Release 
Society, 252, 28–49. 

[47] Aguilera JM, Stanley DW. Microstructural 
principles of food processing and 
engineering. Springer Science & Business 
Media; 1999 Sep 30. 

[48] Junghanns JU, Müller RH. Nanocrystal 
technology, drug delivery and clinical 
applications. Int J Nanomedicine. 2008;3 
(3):295-309. 

[49] Modarres-Gheisari, S.  M.  M., Gavagsaz-
Ghoachani, R., Malaki,  M.,  Safarpour,  P.,  & 
Zandi,  M.  (2019). Ultrasonic nano-
emulsification –A review. 
UltrasonicsSonochemistry, 52, 88-105. 

[50] Gupta, Roohi& Shea, Jill & Scaife, Courtney 
& Shurlygina, Anna & Rapoport, Natalya. 
(2015). Polymeric Micelles and 
nanoemulsions as drug carriers: 
Therapeutic efficacy, toxicity, and drug 
resistance. Journal of controlled release: 
official journal of the Controlled Release 
Society. 212.10.1016/j.jconrel.2015.06.019 

[51] Abdou EM, Kandil SM, Miniawy HMFE. 
Brain targeting efficiency of antimigrain 
drug loaded mucoadhesive intranasal 
nanoemulsion. International Journal of 
Pharmaceutics. 2017 Aug; 529(1-2):667-
677. 

[52] Leong TS, Wooster TJ, Kentish SE, Ashok 
kumar M. Minimising oil droplet size using 
ultrasonic emulsification. 
UltrasonicsSonochemistry. 2009 Aug; 
16(6):721-727. 

[53] Russell J. Wilson, Yang Li, Guangze Yang, 
Chun-Xia Zhao, Nanoemulsions for drug 
delivery, Particuology, Volume 64, 2022, 
Pages 85-97, ISSN 1674-2001. 

[54] Mulla JS, Khazi IM, Sharma NK, Hiremath 
SP, Jamakandi VG. Solid Lipid 
Nanoparticles: Methods of Preparation. 
Indian Journal of Novel Drug delivery. 
2011; 3(3): 170-175. 

[55] Gupta, A.; Eral, H.B.; Hatton, T.A.; Doyle, P.S. 
Nanoemulsions:  Formation, properties and 
applications. Soft Matter. 2016,12, 2826–
2841. 

[56] Ren, G., Sun, Z., Wang, Z., Zheng, X., Xu, Z., & 
Sun, D. (2019). Nanoemulsion formation by 



 Swarupa Shirke and Jameel Ahmed Mulla / Indian Journal of Novel Drug Delivery 15(1), Jan-Mar, 2023, 1-11 

 10 

the phase inversion temperature method 
using polyoxypropylene surfactants. 
Journal of colloid and interface 
science, 540, 177–184. 

[57] Anton, N., & Vandamme, T. F. (2009). The 
universality of low-energy nano-
emulsification. International journal of 
pharmaceutics, 377(1-2), 142–147. 

[58] Friberg, S.  E., Corkery, R.  W., & Blute, I.  A. 
(2011).  Phase Inversion Temperature 
(PIT) Emulsification Process. Journal of 
Chemical & Engineering Data, 56, 4282-
4290. 

[59] Hadžiabdić, Jasmina & Džana, Orman & 
Elezovic, Alisa & Vranic, Edina & Rahic, 
Ognjenka. (2017). Preparation of 
nanoemulsions by high-energy and low 
energy emulsification methods.  

[60] Bouchemal, K., Briançon, S., Perrier, E., & 
Fessi, H. (2004). Nano-emulsion 
formulation using spontaneous 
emulsification: solvent, oil and surfactant 
optimisation. International journal of 
pharmaceutics, 280(1-2), 241–251. 

[61] Koroleva M.Y., Yurtov E.V. Nanoemulsions: 
The properties, methods of preparation 
and promising applications. Russ. Chem. 
Rev. 2012; 81(1): 21-43. 

[62] Maali A., Mosavian Hamed M.T. Preparation 
and application of nanoemulsions in the 
last decade (2000-2010). J. Dispersion Sci. 
Technol. 2013; 34(1): 92-105. 

[63] Anton, N., Benoit, J. P., & Saulnier, P. (2008). 
Design and production of nanoparticles 
formulated from nano-emulsion templates-
a review. Journal of controlled release: 
official journal of the Controlled Release 
Society, 128(3), 185–199. 

[64] Setya S., Talegaonkar S., Razdan B.K. 
Nanoemulsions: formulation methods and 
stability aspects. World J. Pharm. Pharm. 
Sci. 2014; 3(2): 2214-2228. 

[65] Fryd, M. M., & Mason, T. G. (2012). 
Advanced nanoemulsions. Annual review 
of physical chemistry, 63, 493–518. 

[66] Boddupalli, B.M., Mohammed, Z.N.K., Nath, 
R.A., Banji, D., 2010. Mucoadhesive drug 
delivery system: an overview. J. Adv. 
Pharm. Technol. Res. 1, 381–387. 

[67] Kumar, M., Misra, A., Mishra, A. K., Mishra, 
P.P., Pathak, K., 2008b. Mucoadhesivena-
noemulsion-based intranasal drug delivery 
system of olanzapine for brain targeting. J. 
Drug Target. 16, 806–814. 

[68] Erdő, F., Bors, L. A., Farkas, D., Bajza, Á., & 
Gizurarson, S. (2018). Evaluation of 

intranasal delivery route of drug 
administration for brain targeting. Brain 
research bulletin, 143, 155–170. 

[69] Charlton, S., Jones, N.S., Davis, S.S., Illum, L., 
2007. Distribution and clearance of 
bioadhesive formulations from the 
olfactory region in man: Effect of polymer 
type and nasal delivery device.Eur. J. 
Pharm. Sci. 30, 295–302.  

[70] Ahmad, N., Ahmad, R., Alam, M. A., Ahmad, 
F. J., & Amir, M. (2018). Impact of 
ultrasonication techniques on the 
preparation of novel Amiloride-
nanoemulsion used for intranasal delivery 
in the treatment of epilepsy. Artificial cells, 
nanomedicine, and biotechnology, 
46(sup3), S192–S207. 

[71] Colombo, M., Melchiades, G. L., Figueiró, F., 
Battastini, A., Teixeira, H. F., & Koester, L. S. 
(2017). Validation of an HPLC-UV method 
for analysis of Kaempferol-loaded 
nanoemulsion and its application to in vitro 
and in vivo tests. Journal of pharmaceutical 
and biomedical analysis, 145, 831–837. 

[72] Yadav, S., Gattacceca, F., Panicucci, R., & 
Amiji, M. M. (2015). Comparative 
Biodistribution and Pharmacokinetic 
Analysis of Cyclosporine-A in the Brain 
upon Intranasal or Intravenous 
Administration in an Oil-in-Water 
Nanoemulsion Formulation. Molecular 
pharmaceutics, 12(5), 1523–1533. 

[73] Nasr M. (2016). Development of an 
optimized hyaluronic acid-based lipidic-
nanoemulsion co-encapsulating two 
polyphenols for nose to brain delivery. 
Drug delivery, 23(4), 1444–1452. 

[74] Kumar, S., Ali, J., & Baboota, S. (2016). 
Design Expert (®) supported optimization 
and predictive analysis of selegiline 
nanoemulsion via the olfactory region with 
enhanced behavioural performance in 
Parkinson's disease. Nanotechnology, 
27(43), 435101. 

[75] Bahadur, S., & Pathak, K. (2012). Buffered 
nanoemulsion for nose to brain delivery of 
ziprasidone hydrochloride: preformulation 
and pharmacodynamic evaluation. Current 
drug delivery, 9(6), 596–607. 

[76] Boche, M., & Pokharkar, V. (2017). 
Quetiapine Nanoemulsion for Intranasal 
Drug Delivery: Evaluation of Brain-
Targeting Efficiency. AAPS PharmSciTech, 
18(3), 686–696. 

[77] Jaiswal, M., Dudhe, R., & Sharma, P. K. 
(2015). Nanoemulsion: an advanced mode 



 Swarupa Shirke and Jameel Ahmed Mulla / Indian Journal of Novel Drug Delivery 15(1), Jan-Mar, 2023, 1-11 

 11 

of drug delivery system. 3 Biotech, 5(2), 
123–127. 

[78] Erol   Y,   Hans-Hubert   B   (2005)   Design   
of   a   phytosphingosine-containing,   
positively-charged   nanoemulsion   as   a   
colloidal carrier system for dermal 
application of ceramides. Eur J 
PharmBiopharm 60:93. 

[79] Klang, V., Matsko, N. B., Valenta, C., & Hofer, 
F. (2012). Electron microscopy of 
nanoemulsions: an essential tool for 
characterisation and stability assessment. 
Micron (Oxford, England 1993), 43(2-3), 
85–103. 

[80] Uma Sankari K, Alagusundaram M, G 
Krishna Sahithi, C Madhu Sudhana Chetty, S 
Ramkanth, S Angalaparameswari, TS 
Mohammed Saleem. Nanoemulsions - 
Approaching Thermodynamic Stability. 
Research J. Pharm. and Tech. 3(2): April- 
June 2010; Page 319-326. 

[81] Singh K K, Vingkar S K (2008). Formulation, 
antimalarial activity and biodistribution of 
oral lipid nanoemulsion of primaquine.  
IntJPharm 347:138. 

[82] Mulla JAS and Karande BS. Microemulsion 
Based Hydrogel Formulation for Topical 
Drug Delivery - A Concise Review. Indian 
Journal of Novel Drug Delivery. 2021Apr-
Jun; 13(2): 63-69. 

[83] Wong, H. L., Wu, X. Y., & Bendayan, R. 
(2012). Nanotechnological advances for the 
delivery of CNS therapeutics. Advanced 
drug delivery reviews, 64 (7), 686–700. 

[84] Denora, N., Trapani, A., Laquintana, V., 
Lopedota, A., & Trapani, G. (2009). Recent 
advances in medicinal chemistry and 
pharmaceutical technology- strategies for 
drug delivery to the brain. Current topics in 
medicinal chemistry, 9 (2), 182–196. 

[85] Wang, Z., Xiong, G., Tsang, W. C., Schätzlein, 
A. G., & Uchegbu, I. F. (2019). Nose-to-Brain 
Delivery. The Journal of pharmacology and 
experimental therapeutics, 370 (3), 593–
601. 

[86] Bourganis, V., Kammona, O., Alexopoulos, 
A., & Kiparissides, C. (2018). Recent 
advances in carrier mediated nose-to-brain 
delivery of pharmaceutics. European 
journal of pharmaceutics and 
biopharmaceutics: official journal of 
Arbeitsgemeinschaft fur 
PharmazeutischeVerfahrenstechnike.V, 
128, 337–362. 

[87] Wen, J., Inthavong, K., Tu, J., & Wang, S. 
(2008). Numerical simulations for detailed 

airflow dynamics in a human nasal cavity. 
Respiratory physiology & neurobiology, 
161(2), 125–135. 

[88] Liu, Yuan & Matida, Edgar & Gu, Junjie & 
Johnson, Matthew. (2007). Numerical 
simulation of aerosol deposition in a 3-D 
human nasal cavity using RANS, 
RANS/EIM, and LES. Journal of Aerosol 
Science. 38. 683-700. 
10.1016/j.jaerosci.2007.05.003. 

[89] Cu, Y., & Saltzman, W. M. (2009). 
Mathematical modeling of molecular 
diffusion through mucus. Advanced drug 
delivery reviews, 61(2), 101–114. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 


