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Nose to brain delivery of drugs for CNS diseases
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ABSTRACT

The management of central nervous system diseases is extremely challenging due to the
numerous obstacles that stand against the successful delivery of drugs to their target site in
the brain. Defeating the blood-brain barrier is considered the most significant challenge in
this delivery. Different alternative routes of administration have been investigated. Nasal
delivery is one of the possible ways for direct brain targeting. The nasal mucosa is the only
part of the body at which the external environment become in straight connection with the
central nervous system which takes place through the olfactory portion of the nasal mucosa.
Different mechanisms have been suggested to describe the pathway for straight nasal to brain
transport of medications, however, the precise route is still vague. The most important
proposed pathways include nerve pathways (olfactory and trigeminal nerve), vascular,
lymphatic, and cerebrospinal fluid mediated pathways. Among these mechanisms, the
olfactory intra-neuronal delivery is the dominant one. Various particulate systems have been
investigated for nasal delivery with the intention of direct transport to the brain. The most
frequently studied delivery systems are polymeric nanosystems, lipid based nanosystems, and
nanometric emulsions. In conclusion, direct nasal-to-brain delivery is a very fertile research
area and any achievements in this area are running side by side with the progressions that
occur in the particulate systems.
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Introduction

Central nervous system (CNS) diseases
are a collection of diseases (including
epilepsy, Alzheimer’s disease,
schizophrenia, Parkinson disease, brain
tumors, and others) that affect the central
nervous systems causing a plethora of
symptoms that interfere with the mental or
physical status of an individual (1). In
spite of the great progress in the generation
of drug delivery systems for the treatment
of CNS disorders, the effective treatment
of these diseases is still very challenging
(1). Numerous obstacles are present that
need to be overcome by CNS medications
in order to reach their active site in the
brain. The principal one is the presence of
the blood-brain barrier that coats the
microvasculature of the brain acting as a
fence separating the systemic bloodstream
from the tissues of the CNS (2). The BBB
is designated by the overly condensed
endothelial cells that extremely influence
the paracellular movement of molecules.
This tightly packed cellular layer would
preserve the brain from hurtful substances
like toxins, microorganisms, heavy metals,
and others but at the same time restrict the
passage of therapeutic agents to the brain
(1)(2). In addition, there are many efflux
transporters distributed along with the
BBB. These transporters are highly non-
selective and have the ability to actively
expel wide diversity of foreign molecules
which have successfully entered the brain
back to the systemic circulation once again
(2)(3). Many CNS medications are
substrates of these efflux transporters
which would further compromise their
ability to reach to their target in effective
concentrations (2)(3).

Nowadays, most CNS drugs are
administered orally and, to a lesser extent,
parenterally  (4). However,  these
administration routes are linked to many
disadvantages (4). Firstly, the oral rout is

94

susceptible to first-pass metabolism in the
liver and linked to elevated incidence of
peripheral side effects (4). Also, it is
inappropriate for patients suffering from
swallowing difficulty or vomiting. On the
other hand, the parenteral route is invasive
and associated with poor patient
compliance (4). Accordingly, there is
increased effort to develop formulations of
CNS medications that are suitable for
administration through alternative routes

(4).

Nose as alternative administration route
for CNS drugs

The nasal route for drug
administration is one of the most broadly
explored routes for the effective delivery
of CNS medications. It has numerous
advantages that make it an attractive route
of administration including the highly
permeable mucosa, abundant blood flow,
and the bypassing of the first metabolism
effect in the liver since the venous blood
return directly to the heart without passing,
first, through the liver (5)(6). In addition,
multiple published researches specified a
lower occurrence of obesity when
conventional tablets of olanzapine, for
example, are exchanged by oral dispersible
dosage forms or following switching to
injectable formulations. These findings
suggested a positive correlation between
oral intake of conventional tablets and
metabolic side effects (7)(8).

Furthermore, there is a great
likelihood for the drugs administered
intranasally to pass directly to the brain
(9). This route is brought about by the
existence of olfactory neurons within the
olfactory region of the nasal mucosa. The
axons of these neurons are grouped
together forming nerve fibers that traverse
the blood-brain barrier (BBB) and enter
the brain. This fact is extremely important
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since it provides a chance for direct nose-
to-brain delivery and circumventing the
BBB (9)(10).

The harsh nasal environment with
the rapid mucociliary clearance are the
most important challenges in the nasal
delivery of medications (11)(12). Different
strategies and techniques have been
investigated to overcome these limitations
and prolong the drug contact time with the
absorbing epithelium leading to higher
nasal  bioavailability. For instance,
different particulate systems (like nano and
micro emulsions/suspensions, liposomal
systems, and solid nanoparticles) have
been investigated to achieve better
protection of the drug molecule along with
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the improved nasal permeation leading to
increased systemic bioavailability
(13)(14).

Nose anatomy and physiology

The nasal cavity begins anteriorly at
the nostrils and extends posteriorly until it
becomes communicated with the rhino-
pharynx (15). The nasal cavity is divided
into two identical parts by a septum which
comprises bony, and cartilaginous portions
(15)(16). Each half is made of three zones:
the nasal vestibule, the respiratory zone
and the olfactory zone with an overall
surface area of the nasal cavity of around
1.5 m? (16)(17). All the regions of the
nasal mucosa are expressed in figure (1).

brain
cribriform plate
Olfactory bu

olfactory mucosa

superior turbmate

middle turbinate
respiratory mucosa N ALT

CSF

tonsils

nostrils

Figure (1): Different regions of nasal mucosa. The green area for the squamous mucosa,
the blue area for the respiratory mucosa, and the yellow area for the olfactory mucosa (18).

The nasal mucosa is lined by the
nasal epithelial layer with a cellular
composition that differs according to the
location within the nasal cavity (16)(19).
The front third of the nasal cavity is
covered with a squamous and transitional
epithelium  composed of  stratified
epithelium that accommodates cuboidal
cells along with microvilli while the back
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two-thirds of the nasal cavity are covered
with pseudostratified columnar epithelium
(respiratory epithelium) in which four
types of cells exist: ciliated, non-ciliated,
goblet and basal cells (15)(16)(19).

The ciliated cells account for about
eighty percent of the cellular population in
the posterior nasal mucosa (15)(16). They
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are covered with cilia that are anchored to
the cell through a basal body from which
they are emerged (15). These ciliated cells
play a major role in the mucociliary
clearance activity, which serves to protect
the nasal passages and play a significant
part in restricting the residence time of the
drugs that are administered intra-nasally
(17). The goblet cells secrete acid-based
mucin with a specific viscosity and
elasticity that are required for good nasal
clearance (16). The epithelial layer is
supported on a basement membrane and
lamina propria (15). The basement
membrane differs from those present
elsewhere in the body in that it is a highly
permeable membrane due to the presence
of vessels penetrating it through which
fluids can directly spread onto the mucosal
surface (15). The lamina propria carries all
the glands, nerve endings, and vascular
elements (15).

The nose can serve both respiration
and olfaction functions (15)(16). In
respiration, the nose acts to filter,
moisturize and warm the inhaled air as it
passes along the nasal passages until
reaching the alveoli within the lungs. It is
considered as the first defence against
irritants, micro-organisms, allergic
substances, and others that can enter the
nasal cavity during inspiration (16).

On the other hand, olfaction is
mediated by the presence of the numerous
olfactory receptors that exist in the
olfactory region of the nasal mucosa
(16)(19). This area is restricted to a very
small location including the nasal cavity
roof, superior part of the lateral nasal wall,
and the superior third of the nasal septum
(20). It is estimated that there are 10 to 20
million receptors present in the olfactory
region (20). These receptors act as
peripheral sensory receptors and the axons
of which are grouped together forming the
olfactory nerve fiber that terminates in the
olfactory bulb glomeruli (20). The
olfactory area is found to play a
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fundamental role in the direct delivery of
drugs from the nose to the brain (10).

Applications of nasal administration
route

The nasal route has been recognized
for the topical delivery of medications for

many years (21).  Antihistamines,
decongestants, and corticosteroids are
among the most common  drugs
administered intranasally ~ with  the

intention to produce local effects (22).
These medications are used for the
alleviation of allergic symptoms that
accompany seasonal rhinitis (22)(23).
Also, the nasal route has been investigated
for the systemic delivery of drugs used for
the treatment of various conditions
including pain, insomnia, vomiting,
headache, hormonal replacement, prostate
cancer, osteoporosis, and others (14).

Furthermore, there is growing
attention to nasal route utilization for
immunization (26). The nasal mucosa is
regarded as an appropriate site for the
stimulation of topical (mucosal) and

systemic immunological responses
(26)(27). Apart from the systemic
responses, the nasal mucosal surfaces

possess specific sites for the induction and
initiation of immunological reactions in
response to specific antigens. These nasal
sites are referred to as the nose-associated
lymphoid tissues (NALT) and they can
work irrespectively of the systemic
immune  responses  (26)(27). Many
published articles revealed the safety and
efficacy profile of intranasal vaccination
(27)(28). Nowadays, there are two
vaccines that are approved for intranasal
administration (27)(28). Both of them were
approved for influenza immunization in
the USA and Asia and contain live
attenuated viruses (27).

Nasal route for the treatment of CNS
diseases

CNS diseases, such as epilepsy,
schizophrenia, Alzheimer's, Parkinson, and
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others, are defined as disorders that affect
different parts of the brain (29). As stated
by the world health organization (WHO),
millions of people are suffering from
neurological diseases worldwide (29).
Medications used for the treatment of these
disorders are usually given orally or
parenterally. In order to be effective, the
CNS medications should be transferred
from the systemic bloodstream into the
brain (where their active target is located)
by crossing the blood-brain barrier (BBB).
The BBB is a membrane layer that
surrounds the microvasculature of the
brain creating an interface between the
blood and the tissues of the CNS (2)(3). It
serves as a diffusion layer that regulates
the passage of nutrients, drugs as well as
other chemicals from the blood to the
neuronal tissues thus regulating the proper
functioning of the CNS (2)(30).

Three cellular elements constitute
the BBB including the endothelial cells,
the astrocyte end-feet, and pericytes (2).
The endothelial cells of the BBB are
unique from those in other parts of the
body by the presence of tight joints
between cells and the scattering of
pinocytic transport vesicles (2)(31). These
tight junctions restrict the paracellular
movement of water-soluble molecules
(including many therapeutic agents) while
small lipophilic molecules can diffuse
transcellular across the plasma membrane
in accordance with their concentration
gradient (31). Furthermore, the entrance of
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many lipid-soluble molecules into the
brain is impeded by the availability of
diverse efflux transporters that belong to
the  ABC-binding  cassette.  These
transporters are non-specific and have the
capability to actively efflux a broad scope
of highly lipid-soluble substances that
could spread easily through the plasma
membrane, back to the blood (30)(31).
Large entities (including many nutrients)
can infiltrate to the brain by approaches
that are facilitated by transporters and
receptor-mediated endocytosis (31). All of
these obstacles increase the difficulty for
the CNS drugs to reach their active sites

(4)(32).

The nasal mucosa is the only place
in the body at which the brain becomes in
a close connection with the outer
environment (3). This link is attained by
the axons of nerves (olfactory and
trigeminal) which pass through the nasal
mucosa permitting direct contact (29).
Hence, there is a great possibility for the
delivery of medications administered intra-
nasally through the olfactory nerves
directly to the brain and thus
circumventing the BBB (25)(29). This
pathway is very promising for the delivery
of CNS drugs since the BBB is the most
significant limitation restricting the reach
of these medications to their target site in
the brain (1). Figure (2) represents the
possible direct delivery route of drugs
administered intranasally to the brain.
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Figure (2): The possible route for direct delivery of CNS medication to the brain
through nasal cavity (32).

Direct nose-to brain delivery
mechanisms

The absolute mechanism by which
drug molecules enter the brain from the
nasal cavity is not fully understood (29).
Nevertheless, it has been estimated the
presence of five different delivery
pathways for the transportation of the drug
from the nasal cavity to the brain (32).
These include the olfactory and trigeminal
nerve pathways, the vascular, the
lymphatic and the cerebrospinal fluid
(CSF) pathways (29)(32). Depending on
the drug's molecular characteristics,
formulation properties, and physiological
circumstances, the nose to brain delivery
of the medication may happen by a single
pathway or a collection of multiple
pathways (32).
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After nasal application, if the drug
molecule is settled on the respiratory
epithelium, it would be absorbed into the
lymphatic or vascular systems and then
enter to the CNS from the systemic
circulation (29). While, if the deposition
of the drug molecule takes place on the
olfactory epithelium, then it would be
transported to the brain through the
olfactory neurons (by intercellular or
intracellular mechanisms) or olfactory
epithelial cells (by transcellular or
paracellular mechanisms) (29)(33). The
same process occurs if the drug is
transmitted through the trigeminal nerve
(which innervates both, the olfactory
epithelium and the respiratory epithelium)
(32). All the pathways for the direct
delivery of the drug from the olfactory
epithelium to the brain are represented in
figure 3).
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Figure (3): The different pathways for the direct delivery of the drug from the olfactory
epithelium to the brain (33).

The transcellular mechanism may occur by
passive diffusion, pinocytosis, or by
receptor-mediated  endocytosis.  The
paracellular mechanisms require the
penetration of the drug molecule across the
tight junction between the epithelial cells,
while the intercellular migration involves
the extracellular permeation of the active
pharmaceutical ingredient along the
neuronal axons (29). The paracellular and
the intercellular diffusion mechanisms are
brought about by the fact that the nerve-
regeneration of the cranial nerves
(including the trigeminal and the olfactory
nerves) would convert the epithelium into
a very porous state which permits the rapid
transfer of molecules across it (33).
Finally, the intracellular transmission
involves the drug molecule absorption (by

pinocytosis or endocytosis) into the
neuronal  interior  with  subsequent
intracellular transportation along the
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neuronal axons to the olfactory bulb
(29)(33).

Of the above mechanisms, the
olfactory intra-neuronal pathway is the
primary route for the nose to brain delivery
of CNS medications (particularly for the
lipophilic drug molecules) (29). But, it is
believed that the passage of the drug by
this pathway needs from 1.5 to 6 hours
with the consequence of retarded onset of
action (33). However, there is a great
potential for arterial pulsation to take place
within the nasal cavity resulting from the
high vascularization of the nasal mucosa
(33). This phenomenon would shorten the
time required for the drug molecule to pass
through the neuronal axons to the brain
into about 20 minutes (33).
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Types of nano-carrier formulations used
in nose-to-brain delivery

There is a growing interest in the
generation of nano-carrier-based systems
for the direct nose to brain delivery of
medications (34). The use of such systems
IS associated with an improvement in the
drug absorption with elevated efficiency of
the delivery making them fascinating
delivery systems (34). In addition, the
development of the nano-carrier systems
can be adjusted with respect to the proper
selection of excipients, the
physicochemical characteristics of the
resulting system (including the particle
dimensions, surface charge, and others),
drug release profile, biocompatibility,
biodegradability and others (34). Polymer-
based, lipid-based and nanometric
emulsions have been explored extensively
for intranasal delivery of active
pharmaceutical ingredients (34)(35).

A

Polymeric
NPs

Polymeric
micells

1 Polymeric nanosystems

These were first discovered four
decades ago and they gain a huge interest
in the manufacture of drug delivery
systems in  neurological  disorders
treatment (33). Based on the resulting
structure of the nanosystem, they could be
classified into polymeric nanoparticle
(polymers at the core), polymeric micelles
(with the use of amphiphilic polymers),
and dendrimers (with the use of branched
polymers) (33)(35)(36). Their sizes vary
widely but within the nanometre scale
(35). The different forms of some of the
polymeric nanosystems are represented in
figure (4).

Dendrimers

Figure (4): The different forms of the polymeric nanosystems; polymeric nano particles
(A), polymeric micelles (B) and dendrimers (C) (36).

Both natural (such as chitosan and
alginates) and synthetic polymers (such as
polyesters) could be used for the
fabrication of polymeric nanosystems (34).
However, due to their documented
capability to obtain sustained drug release
along  with  biocompatibility  and
biodegradability  profiles, the FDA
approved polymers of poly (lactide-co-
glycolic acid) known as (PLGA) and poly
(lactic acid) known as (PLA). These

100

polymers are the chief synthetic studied
polymers for the entrapment of drugs
intended for the nose to brain delivery
(33)(34).

The polymeric nanoparticles are
compacted systems that usually have a
polymer matrix in which the drug
molecule could be dissolved, attached,
entrapped, or encapsulated (35). In
contrast, polymeric micelles are self-
assembled structures made of amphiphilic
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copolymers (35). They have a lipophilic
core with a hydrophilic shell so they are
very useful for the encapsulation of
lipophilic drugs (35).

Pranav et al. (41) prepared PLGA
nanoparticles loaded with lamotrigine for
the treatment of epilepsy through the direct
nose to brain delivery. Emulsification
followed by the solvent-evaporation
method was used for the fabrication of the
loaded nanoparticles. Various techniques
were employed to evaluate the brain
delivery including pharmacodynamic and
Gama scintigraphy studies in mice. The
Gama scintigraphy and the biodistribution
studies revealed a higher brain deposition
of the medication following the intranasal
intake of the lamotrigine-loaded PLGA
nanoparticles as compared to lamotrigine
plain solution. The pharmacodynamic
study demonstrated that the onset of
seizure was delayed with the nanoparticle
formulation in comparison with the
solution administration. These results
suggested that the prepared lamotrigine-
loaded PLGA nanoparticles were good
substitutes to the current epilepsy
formulations but further evaluation in
higher animals as well as in human
volunteers is recommended.

PLGA nanoparticles loaded with
olanzapine for the nose to brain delivery
were developed by Seju et al. (45). The
nanoprecipitation method was used for the
production of nanoparticles. The prepared
nanoparticles were evaluated by in-vitro,
ex-vivo, and in-vivo experiments. The in-
vivo pharmacokinetic study was conducted
on rat animal model. Following intranasal
intake of the prepared nanoparticles, the
concentration of the drug in the brain was
measured by HPLC. This concentration
was compared with the brain concentration
following intranasal intake of olanzapine
solution and after intravenous intake of
olanzapine PLGA nanoparticles (which
were previously diluted with phosphate
buffer). They found that the order of brain
concentration ~ of  olanzapine  was
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decreasing in the following order:
olanzapine PLGA nanoparticles (IN) >
olanzapine PLGA nanoparticles (IV) >
olanzapine solution (IN). These findings
clearly suggested the direct delivery of
olanzapine from the nose to the brain.

2 Lipid-based nanoparticles

In 1960, liposomes were discovered
as the earliest lipid-based nanocarriers to
be invented and became approved as drug
delivery systems by the FDA (33).
Liposomes are  spherical  vesicular
structures composed of an aqueous centre
surrounded by either single or multiple
phospholipid bilayers (34-35). They have
the advantages of being biocompatible,
biodegradable, and having the ability to
incorporate either hydrophilic (within the
core), or hydrophobic (within the shell)
active pharmaceutical ingredients (APISs).
Their most remarkable drawback is their
rapid degradation with a very short half-
life (33). This drawback had been defeated
by the fabrication of proliposomes which
are anhydrous granular entities that are
transformed into liposomes by hydration
(33).

Raju et al. (40) developed liposomes
for the direct nose to brain delivery of

imatinib mesylate (anti-cancer
medication).  In-vitro and  in-vivo
evaluations in the rat model were

performed on the prepared liposomes to
assess the brain targeting in contrast to the
pure drug solution. They found that the
area under the curve (AUC) for the
relationship between the brain
concentration of the drug versus time
following the intranasal administration of
the liposomal formulation was much
higher than the pure drug solution. These
findings confirmed the higher brain
targeting of the prepared liposomes.

On the other hand, solid lipid
nanoparticles (SLN) are comprised of a
biocompatible central core made of solid
lipids (such as triglycerides) that are
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enclosed and stabilized by different
surface-active agents (35)(34). The active
pharmaceutical ingredient is usually
incorporated into the solid lipid core (34).
Therefore, these structures are most
commonly used for lipophilic medication
and, to a lesser extent, for hydrophilic
macromolecules (34).

For instance, a mucoadhesive in-situ
gel-based solid lipid nanoparticles (SLN)
loaded with almotriptan was fabricated by
Nancy et al. (43). Different concentrations
of Poloxamer 407 (as the in-situ gelling
agent) along with different polymers
(including Carbopol 974, sodium alginate,
and sodium CMC as mucoadhesive agents)
were investigated. The optimized formula
contained 18% of Poloxamer 407 with
0.75% of sodium CMC. The brain
targeting efficiency was concluded by in-
vivo pharmacokinetic studies in rat models.
Histopathological and biomarkers
evaluation confirmed the fast brain
delivery of almotriptan as manifested by
the 10 minutes’ brain/blood ratio of 0.89,
0.19 and 0.31 for the almotriptan loaded
SLN based nasal in-situ gel (IN), plain
almotriptan based nasal in-situ gel (IN)
and almotriptan solution (IV), respectively.

3 Microemulsion and nanoemulsion

Nanometric emulsions
(nanoemulsions and microemulsions) are
biphasic liquid dispersions of two
immiscible liquids forming either oil in
water or water in oil emulsion stabilized
by a suitable blend of emulsifying agents
(surfactants and co-surfactants) (37)(38).
There is no clear cut-off definition to
distinguish between nanoemulsion and
microemulsion (35). However,
thermodynamic stability is good parameter
that helps differentiate between these two
nanometric dispersion systems (37)(38).
The microemulsions are
thermodynamically stable while
nanoemulsions lack this property (but they
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have a good Kinetic stability) (37)(38).
Therefore, high energy is required for the
fabrication of nanoemulsion in contrast to
microemulsion which is self-assembled
and formed spontaneously upon proper
blending of oil with the aqueous phase in
the presence of a suitable surfactant
mixture (for stabilization) (34).

The nano-sized emulsions are the
most frequently investigated drug delivery
systems for the direct nose to brain
targeting (35). The reason behind this is
the exceptional advantages profile (35).
Firstly, the small droplet size would
increase the permeability and prevent the
destabilization  mechanisms including
sedimentation, coalescence, and creaming
resulting in prolonged physical stability
(37). Secondly, they could be incorporated
into various types of formulations like
liquids, sprays, creams, ointments, gels,
and others which could be delivered by the
nasal route (38). Also, they offer an
excellent solution for stability or solubility
problems that accompany many drugs
(38). For instance, hydrophobic drugs
could be dissolved in the oil phase and
after administration, the drug will be
released from oil droplets into the
surrounding aqueous environment where
nanoprecipitation takes place. These
extremely small-sized precipitates provide
extensively large surface area with a
greatly enhanced dissolution rate and
improved bioavailability (38). With
respect to drug stability, nanoemulsions
and microemulsions can protect the drug
(by encapsulating it within oil droplets)
from enzymatic degradation, hydrolysis,
oxidation, and other instability issues at
physiological circumstances (38).
Therefore, they provide a very promising
dosage form for delivering lipophilic drugs
intranasally. However, one of the
important limitations for all liquid dosage
forms for nasal delivery, including the
nanomulsion, is the short residence time.

(39) prepared
in a nano emulsion-based

Kumar et al.
olanzapine
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formulation with a mucoadhesive property
for the nose to brain targeting. The
olanzapine nanoemulsion was prepared by
an aqueous-titration technique using oil
phase (Capmul 15% wt/wt), surfactant
(Tween 80 at 35% wt/wt), and co-
surfactants (ethanol and PEG 400 in a
(1:1) ratio at a concentration of 17.5%
wt/wt). The olanzapine mucoadhesive
nanoemulsion was made through the
addition of polymer (chitosan 0.5% wt/wit)
to the olanzapine nanoemulsion. Gamma
scintigraphy studies were performed on
rats using *™Tc labelled olanzapine. The
ratios of olanzapine brain to blood
distribution  after 30 minutes  of
administration (using equal doses of the
drug) exhibited a clearly enhanced
accumulation of the drug in the rat’s brain.

Segar et al. (42) developed
microemulsion-based aqua-sensitive in-
situ gel of diazepam for intranasal
administration with enhanced brain uptake
as an urgent treatment of epilepsy and as a
substitute to injections. The components of
the microemulsion include Capmul MCM
(as the oil phase), Tween 80 (as
surfactant), and propylene glycol (as co-
surfactant). The formulation did not
contain any polymer and the gelling
occurred rapidly in contact with a small
amount of water forming a mucoadhesive
gel. Brain microdialysis was performed on
rats to validate the concentration of the
free diazepam that is present in the brain.
The results revealed a twofold increase in
the potential of the direct nose to brain
transmission of diazepam from the
diazepam-loaded aqua-triggered in-situ gel
microemulsion when compared to the
diazepam solution following intranasal
intake.
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Furthermore, thermo-sensitive nasal
in-situ gel was produced by Masoumeh et
al. This gel was loaded with a
temozolomide nanoemulsion, and
investigated for the treatment of
glioblastoma through a direct nose to brain
delivery (44). Based on the pseudo ternary
phase diagrams, Labrasol, Transcutol, and
Triacetin  were selected to be the
components of the nano emulsion.
Poloxamer derivatives were selected to be
incorporated as the in-situ gelling agent
within the  formulation. Gamma
scintigraphy studies, using radiolabelled
(**"Tc) temozolomide, were conducted on
rats to assess the brain targeting of the
formulation. The resulted images showed
very good brain accumulation after
intranasal administration.

Conclusions

Direct nose to brain delivery is a
promising way for the delivery of drugs
for CNS diseases. It has been manipulated
for different drugs and for different
diseases. The improvement in this field of
drug delivery will be in parallel to the
developments in the  field of
nanoparticulate systems, as most of the
successful drug delivery systems for this
application are nanoparticulated including
nanoparticles, liposomes, and
nanoemulsions. Although this way of drug
targeting is still in its infancy stage, there
will be a huge expansion in the near future.
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