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ABSTRACT

Every day, researchers make new attempts to identify neurotherapeutics, but few of them make it to clinical trials. The
main cause is their low bioavailability, which is connected to low water solubility, low permeability through biological
membranes, and the hepatic first-pass metabolism. However, the most significant challenge in administering drugs to the brain
is overcoming the blood-brain barrier. In order to get around it, intranasal administration has become more popular, sometimes
even more so than oral administration. Because of its structure, the nasal cavity can bypass the blood-brain barrier and
transport drugs to the brain directly. Nasal absorption increases the systemic bioavailability of highly processed substances
because they bypass the hepatic first-pass metabolism. However, due to their unique physicochemical properties, most
neurotherapeutics must be synthesized in lipidic nanosystems as self-emulsifying drug delivery systems (SEDDS). To load large
quantities of lipophilic medicines into micro or nanoemulsions, these isotropic mixes of oils, surfactants, and co-surfactants are
diluted in water. The goal of SEDDS is to increase the stability of labile pharmaceuticals against enzymatic activity, boost drug
penetration through absorptive membranes, and reduce the likelihood of drug precipitation at absorption sites. Therefore,
improved brain targeting and bioavailability of medications might be anticipated by combining the benefits of SEDDS with those
of the intranasal route for brain delivery. In order to better understand the mechanisms involved in the intranasal
administration of pharmaceuticals loaded in SEDDS, this paper provides a comprehensive characterization of SEDDS as a
lipidic nanosystem. Finally, the in vivo effects of intranasal or oral delivery of SEDDS, showing their superiority over standard
solutions or suspensions, are described.
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effort is put forth on a daily basis to discover and
develop novel and effective neuropharmaceuticals,
despite the fact that the vast majority of new entities

I.  INTRODUCTION

The incidence of neurological illnesses has

been on the rise in recent years. The World Health
Organization (WHO) estimates that one billion people
worldwide suffer from neurological illnesses in 2021 [1].
Epilepsy affects 50 million individuals worldwide, while
cerebrovascular illness affects 62 million, migraines
affect 326 million, and Alzheimer's disease and other
dementias affect 24 million. Because of this,
neurological illnesses are among the leading causes of
death and disability [1,2]. In light of this, significant

never make it to clinical trials [3].

Drugs need to avoid being broken down by the
body's absorptive membranes, get past the liver's first-
pass effect, and then cross the complicated blood-brain
barrier (BBB) in order to reach the brain [3,4].
Lipophilic, low-molecular-weight (400 Da),
nonionizable at physiological pH, and non-substrates of
active efflux transporters are all necessary for molecules
to cross absorptive membranes and the BBB [3,5].
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Because of these factors, between 40 and 70 percent of
the newly discovered chemical entities used to treat
neurological illnesses are placed in BCS classes Il and
IV [6,7]. Class Il medications are poorly soluble in water
but highly permeable at therapeutic levels, while class
IV pharmaceuticals are poorly soluble in water and
poorly permeable. This can reduce the drug's
bioavailability and delay the beginning of its effects
[8,9]. It can also reduce the drug's solubility, absorption
rate, and extension. Therefore, substantial dosages must
be administered to obtain plasmatic therapeutic
concentrations, leading to both drug waste and perhaps
an increase in side effects and drug-drug or food-drug
interactions [10].

To address these issues, new formulations have
been created, with lipidic nanosystems receiving
increasing attention in recent years. The primary
objective of these systems is to maintain the solubility of
lipophilic substances in aqueous environments, such as
the GIT or nasal mucosa [11]. Lipophilic BCS class Il
and IV medicines can be easily included into self-
emulsifying drug delivery systems (SEDDS) [12,13], a
form of lipidic nanosystem. More research into SEDDS
technology [14] has been prompted by the
commercialization of drugs like SandimmunNeoral®,
(cyclosporin A) by Novartis Pharmaceuticals (USA),
Norvir® by AbbVie Inc. (North Chicago, IL, USA), and
Fortovase® by Roche (Basel, Switzerland). [15,16] In
addition to these, there are currently on the market
products that are based on liquid SEDDS that are either
encapsulated in hard gelatin capsules (Gengraf®
(cyclosporine) (AbbVie Inc., North Chicago, IL, USA)
or in soft gelatin capsules (Agenerase® (amprenavir)
(Glaxo Group, United Kingdom), Depakene® (valproic
acid) (AbbVie Inc., North Chicago, [17,18]. It's true that
SEDDS might be expanded to include most medications
from BCS's classes Il and IV. They may be more
bioavailable without requiring large dose administration
if their aqueous solubility and, subsequently, their
absorption are enhanced [19].

Up until now, oral administration of SEDDS
has been the primary focus of research [20,21,22].
However, alternative routes of administration can be of
great interest for SEDDS, especially if they permit
improved brain targeting of CNS-active medicines. In
this regard, the investigation of SEDDS and other lipidic
nanosystems for the intranasal (IN) delivery of
medicines is warranted. The nasal cavity is the only
opening in the body that provides direct access to the
central nervous system from the outside world. Because
medications can be carried partially directly to the brain
via this channel, bypassing the BBB [23,24,25], it has
become a particularly appealing administration route in
the treatment of neurological illnesses. Medications
inhaled or sprayed into the nasal cavity can potentially
enter the brain via the bloodstream. Because of this,
drugs can be absorbed systemically without going
through the digestive system or experiencing the "first-

pass effect" in the liver [26,27,28,29]. Although highly
powerful medications are still needed, the risk of
precipitation loading with a SEDDS is decreased due to
the nasal cavity's small aqueous volume compared to the
GIT. Since the pH range of nasal mucosa is between 5-
6.5, [30] IN delivery incorporated into SEDDS can help
overcome the problem of medicines becoming unstable
in acid settings. Better therapeutic management of
patients and increased brain bioavailability could result
from combining the advantages of manufacturing
neurotherapeutics in SEDDS with the possibilities of the
IN route for nose-to-brain transport. Doing so has the
potential to prevent a wide range of diseases and
therapy-related chronic problems.[31]

In this paper, we present in detail the idea of
SEDDS as lipidic nanocarriers, paying special attention
to the crucial steps in their evolution. Here, we talk
about research that included neurotherapeutic drugs in
SEDDS, paying special emphasis to the physicochemical
and in vitro evaluation of these substances. We then go
on to detail how medications in SEDDS are transported
to the brain following intravenous (IN) administration.
Finally, we discuss the in vivo parameters obtained
following intravenous (V) or oral administration of
neuropharmaceuticals loaded in SEDDS, providing
insight into the potential of SEDDS to improve upon the
treatment of neurological disorders over more
conventional pharmaceutical forms.[32,33]

Il. SEDDS DEVELOPMENT FOR
DELIVERY OF
NEUROTHERAPEUTICS AGENTS
TO THE BRAIN

In general, the size of polymeric nanoparticles
is between 1 to 999 nm. Poly(D,L-lactic acid) (PLA),
poly(-caprolactone) (PCL), poly(lactic-co-glycolic acid)
(PLGA), and natural polymers like chitosan and
maltodextrins are commonly utilized to create polymeric
NPs. Using techniques such as solvent evaporation,
nanoprecipitation, super critical fluid technology, and
hot or cold homogenization, they are synthesized by the
self-assembly of two or more chains of block
copolymers of varied hydrophobicity[34,35]. PLGA NPs
have been studied extensively as drug delivery systems
due to their many benefits, including their ability to
easily cross the BBB, their biocompatibility, their
stability, their controlled release kinetics, their high drug
loading capacity, and their ability to be functionalized
with surface ligands for targeted drug delivery
[36].[37][38]. In addition, hydrolysis of PLGA NPs
yields lactic and glycolic acids, which then enter the
Kreb's cycle and are eliminated in the form of carbon
dioxide and water [39]. Drug release occurs by
breakdown of the bulk matrix; however, the rate of
polymer degradation can be affected by various
environmental conditions, including pH and the
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physicochemical features of the NP. As a result, the
pattern of release might shift, but usually has two
distinct phases [40]. It has been shown that macrophage
activation and reactive oxygen species (ROS) production
are caused by increases in PLGA NP size and
concentration as well as changes in shape, leading to
cytotoxicity in vitro. More research on the physiological
and toxicological responses to PLGA in vivo is
warranted, despite the abundance of evidence suggesting
that the material is biocompatible. [41]
2.1 Solid Lipid Nanoparticles

SLNs are 50-1000 nm in size and are colloidal
nanocarriers. High pressure homogenization,
ultrasonication/high speed homogenization, and solvent
emulsification/evaporation procedures can all be used to
prepare these solid physiological lipids, which are made
up of phospholipids, triglycerides, fatty acids, and
steroids [42]. Scalability, repeatability, and the absence
of hazardous solvents in production are all advantages of
these preparation methods [43]. Homogeneous matrices,
drug-enriched cores, and drug-enriched shells are all
possible methods of drug incorporation into SLNSs.
Dependent on lipid content, pH, temperature, and the
drug entrapment model, release occurs through particle
biodegradation by lipases, erosion, or diffusion [44].
Because of their lengthy shelf life, increased stability,
and controlled release of drugs, SLNs are a promising
drug carrier [45]. SLNs are biocompatible and readily
traverse the BBB [46] since they are made out of
biological lipids. These lipids are solid after delivery
because their melting point is greater than the internal
body temperature [47,48]. Pharmaceutical applications
for SLNs include the release of doxorubicin, tamoxifen,
docetaxel, and methotrexate for the treatment of cancer;
carvedilol for the treatment of high blood pressure;
tazarotene for the treatment of skin conditions;
chloroquine for the treatment of malaria; and isoniazid
and rifampin for the treatment of tuberculosis [49,50,51].
2.2 Surface Charge

Nanoparticle (NP) destiny, biodistribution, and
cellular uptake are all affected by their surface charge in
biological systems. Positively charged NPs diffuse more
slowly in tissues and accumulate less in tumor tissues,
while negatively charged NPs do the opposite [52].
Cationic NPs are more readily internalized by cells than
neutral or anionic NPs because of their favorable
electrostatic interactions with negatively charged cell
membranes. Because of this, BBB endothelial cell
membranes take in positively charged NPs with greater
ease [53]. The quick clearance of cationic NPs from the
blood by macrophages is a downside to the ease with
which they can be taken up by cells. Furthermore,
positively charged NPs are linked to increased liver
accumulation, which in turn causes rapid plasma
clearance and decreased bioavailability [54]. It has been
suggested that positively charged NPs may cause
haemolysis and toxicity by reacting with blood
components [55]. In addition, cationic NPs have been

proven to cause cytotoxicity and disrupt the BBB,
although neutral and anionic NPs have not been
demonstrated to have these effects [56]. Particle design
should give careful consideration to the surface charge
of NPs, and the charge should be adjusted as needed.
The surface chemistry of PLGA NPs and SLNs can have
a favorable or negative effect, depending on the
synthesis technique.[57]

2.3 Surface Modification

Biocompatibility, brain targeting, stability, and
controlled drug release can all be enhanced by the use of
surface-engineered PLGA NPs and SLNs. Chemical
grafting or adsorption can be used to coat the surface of
PLGA NPs and SLNs with polymers such as
poly(ethylene glycol) (PEG), poly(ethylene chloride)
(PCL), chitosan, and PEG-based surfactants like
polysorbate 80 and poloxamer 188. Reticuloendothelial
system (RES) absorption is blocked because these
moieties are hydrophilic, which also increases steric
hindrance and circulation time [58]. Commonly used to
increase circulation time, biocompatibility, and brain
uptake, especially in pathological
conditions[59],[60],[61], PEGylation of NPs for CNS
drug delivery is widely practiced.[62]. As an example,
chitosan modification of SLNs protected against particle
breakdown at the acidic pH of the stomach after oral
delivery [63]. Polymer coatings are not the only way to
preserve drugs.

Drug targeting can be enhanced by conjugating
proteins, aptamers, peptides, small molecules, and
antibodies to the surface of PLGA NPs and SLNs. Drugs
with a strong affinity for BBB endothelial cell-expressed
receptors and transporters can be directed specifically to
the central nervous system. Receptor-mediated
transcytosis and carrier-mediated transport processes are
aided in the brain's uptake of NPs by ligands like
transferrin, lactoferrin, apolipoprotein E, glucose
derivatives, and glutathione [64]. The transactivator of
transcription is an example of a cell-penetrating peptide
(CPP) that can be attached to the surface of NPs via
covalent or non-covalent interactions[65]. Increased
BBB crossing and cellular absorption of drug-loaded
NPs can be achieved through conjugation with CPPs
[66]. P-glycoprotein (P-gp) efflux pumps expressed by
BBB endothelial cells are linked to multi-drug resistance
[67]. CPPs, however, can circumvent these pumps.

Conjugation with mucoadhesive agents enables
particles to be inhaled and transported through the nasal
passages to the brain. For intranasal drug delivery,
chitosan, a bioactive polymer that enhances cell
penetration and has mucoadhesive properties, is often
included as an excipient (for a recent review of chitosan
and its mucoadhesive properties, see Aderibigbe et al.
(2019) and Mura et al. (2022) [68][69]). Chitosan can
increase cell membrane penetration and residence time
by interacting electrostatically with the negatively
charged epithelial surfaces of the nasal cavity [70]. This
polymer also absorbs water from the mucus lining the
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nasal canal, making it enlarge when it comes into touch
with mucus. As a result, more of the drug is exposed to
the membrane before it is able to penetrate into the brain
[71]. For this reason, numerous chitosan-based nasal
formulations have been proposed as drug delivery
systems to the CNS, including chitosan-dopamine and
chitosan-tyrosine conjugates for PD [72], chitosan
hydrogels for drug delivery in AD [73], chitosan-
poloxamer gel for anti-epileptic drug (AED) delivery
[74], chitosan nanocemulsions for glioblastoma
multiforme (GBM) therapies [75], and chitosan-
poloxamer nanoemulsions for the treatment of cerebral
ischemia [76].

While NPs can be synthesised from chitosan, it
is commonly used as a surface coating to enhance
mucoadhesion and particle transport across the nasal
mucosa and into the brain.

I11. PLGA NPS AND SLNS ARE
COMPATIBLE WITH BRAIN
CELLS IN VITRO

To confirm the safety of PLGA NPs and SLNs
in the brain microenvironment, both particle types have
been studied in vitro for compatibility with neurons and
other resident brain cells. PLGA NPs did not affect the
integrity of human SH-SY5Y neuroblastoma cells,
monocytes, and 16 HBE epithelial cells used to model
the BBB, rodent PC12 catecholaminergic neurons, brain

endothelial cells, primary microglia and
primary astrocytes, or murine hippocampal neurons, N2a
neuroblastoma cells, and N9

microglia PPIA2I43IA4I14SIAGIA7II48] - Notably,  prolonged
PLGA NP exposure did not alter neuronal morphology
or affect the viability of primary rat neuronal-glial mixed
cultures up to concentrations of 2.5 mg/mL [,
Remarkably, 20 mg/mL PLGA NPs was not toxic to
16HBE cells B9, Similarly, the application of SLNs to
human hCMEC/D3 cerebral vascular endothelial cells,
SH-SY5Y cells, primary rodent astrocytes, and brain
endothelial cells or mouse BV-2 microglia, brain
endothelial cells, and embryonic fibroblasts did not
affect cell viability ISIBUB2354055],

Furthermore, both PLGA and SLN
nanosystems have been deemed compatible with various
types of stem cell. The growth of mesenchymal stem
cellson PLGA-based platforms was unaffected by the
presence of polymeric structures 581, In a study
investigating the potential of SLNs to deliver neuronal
differentiation factors to induced pluripotent stem cells
(iPSCs), SLNs were non-toxic to stem cells 71, Flow
cytometry revealed no difference in the number of live
cells when a human iPSC-based BBB model was
exposed to 50 and 100 nm PLGA NPs for 20 h 58,
highlighting the potential for the safe translation of these
nanocarriers to the clinic for drug delivery to the CNS.

3.1 Permeation of In Vitro BBB Models

In vitro models have been established to
confirm the ability of PLGA NPs and SLNs to cross the
BBB. Cells that make up the BBB can be cultured in a
monolayer on transwell devices so that following the
application of NPs, the percentage that pass through the
cell layer into medium on the basolateral chamber can be
quantified (for review of in vitro BBB models, see
Williams-Medina et al., 2020 %), The modification of
PLGA NPs with lactoferrin or anti-transferrin receptor
monoclonal antibody increased BBB crossing in
vitro 169, Similarly, SLNs effectively crossed cerebral
vascular endothelial cells and conjugation with
apolipoprotein E or transferrin significantly increased
cell uptake M¥IBU, In a multicellular BBB model
consisting of primary rat brain endothelial cells,
astrocytes, and pericytes, SLNs penetrated the barrier
and targeting was increased over 3-fold by surface
modification with apolipoprotein E B4,

IV. PLGA NP AND SLN DRUG
DELIVERY TO IN VITRO CNS
DISEASE MODELS

Prior to in vivo evaluation, PLGA NP and SLN
drug delivery vehicles have been evaluated in in vitro
models of neuroinflammation, neurodegeneration, and
brain cancers to assess drug release and drug action.

4.1 Neurodegenerative Disease

In vitro models of neurodegeneration can be
achieved by applying disease salient factors to brain-
derived cells. Insights into the in vivo efficacy and
therapeutic doses of substances released from PLGA
NPs and SLNs can be gained through in vitro screening.
PLGA-PEG NP delivery of fucoxantin, a marine
carotenoid that is reported to have neuroprotective
effects, prevented APB-induced neurotoxicity, ROS
production, and the release of pro-inflammatory
cytokines in SH-SY5Y and BV-2 microglia cells [,
Pre-treatment  with resveratrol-loaded PLGA  NPs
inhibited H>O,—induced ROS production and was
protective against 1-methyl-4-phenylpyridinium (MPP*)-
induced mitochondrial dysfunction and cytotoxicity in
SH-SY5Y cells as an in vitro model of PD 31, Similarly,
the concurrent application of drug-loaded SLNs with 6-
hydroxydopamine (6-OHDA)-induction of an SH-SY5Y
cell model of PD was cytoprotective 52, SLNs also
successfully delivered anti-inflammatory therapies to
lipopolysaccharide (LPS)-stimulated microglial cells,
attenuating nitric oxide production, the expression
of nitric oxide synthase and cyclooxygenase-2 (COX-2),
and the production of pro-inflammatory cytokines [53,
The release of idebenone, an anti-oxidant agent, from
SLNs was  protective against  2,2'-azobis-(2-
amidinopropane)dihydrochloride-induced oxidative
stress in primary rat astrocytes, as measured by a
reduction in cytotoxicity and the production of ROS [581,

his work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)


https://encyclopedia.pub/entry/2604
https://encyclopedia.pub/entry/41705#ref_25
https://encyclopedia.pub/entry/41705#ref_42
https://encyclopedia.pub/entry/41705#ref_43
https://encyclopedia.pub/entry/41705#ref_44
https://encyclopedia.pub/entry/41705#ref_45
https://encyclopedia.pub/entry/41705#ref_46
https://encyclopedia.pub/entry/41705#ref_47
https://encyclopedia.pub/entry/41705#ref_48
https://encyclopedia.pub/entry/41705#ref_49
https://encyclopedia.pub/entry/41705#ref_50
https://encyclopedia.pub/entry/6353
https://encyclopedia.pub/entry/41705#ref_13
https://encyclopedia.pub/entry/41705#ref_51
https://encyclopedia.pub/entry/41705#ref_52
https://encyclopedia.pub/entry/41705#ref_53
https://encyclopedia.pub/entry/41705#ref_54
https://encyclopedia.pub/entry/41705#ref_55
https://encyclopedia.pub/entry/6576
https://encyclopedia.pub/entry/6576
https://encyclopedia.pub/entry/41705#ref_56
https://encyclopedia.pub/entry/41705#ref_57
https://encyclopedia.pub/entry/34665
https://encyclopedia.pub/entry/41705#ref_58
https://encyclopedia.pub/entry/28641
https://encyclopedia.pub/entry/41705#ref_59
https://encyclopedia.pub/entry/41705#ref_45
https://encyclopedia.pub/entry/41705#ref_60
https://encyclopedia.pub/entry/41705#ref_13
https://encyclopedia.pub/entry/41705#ref_51
https://encyclopedia.pub/entry/10984
https://encyclopedia.pub/entry/41705#ref_54
https://encyclopedia.pub/entry/12070
https://encyclopedia.pub/entry/3722
https://encyclopedia.pub/entry/3722
https://encyclopedia.pub/entry/41705#ref_61
https://encyclopedia.pub/entry/6366
https://encyclopedia.pub/entry/41705#ref_45
https://encyclopedia.pub/entry/41705#ref_52
https://encyclopedia.pub/entry/22674
https://encyclopedia.pub/entry/41705#ref_53
https://encyclopedia.pub/entry/41705#ref_55

Journal for Research in Applied Sciences
and Biotechnology

WWW.jrash.com

ISSN: 2583-4053
Volume-2 Issue-2 || April 2023|| PP. 89-101

https://doi.org/10.55544/jrash.2.2.14

4.2 Brain Cancer

Robust in vitro models of brain cancers exist,
which involve culturing tumour cells and testing drug
efficacy by measuring cell death. PLGA NPs loaded
with a derivative of the anti-cancer drug temozolomide
were non-toxic to 16HBE cells but reduced the viability
of T98G GBM cells to 20% of control [/, Doxorubicin-
entrapped SLNs induced cell death when applied to
US7TMG GBM cells ¥4, Furthermore, PLGA NPs
conjugated with an anti-epidermal growth factor receptor
(EGFR) monoclonal antibody  and loaded
with curcumin achieved a reduction in the growth of
EGFR-expressing GBM cells at lower concentrations
than those required for free curcumin or unmodified
curcumin-loaded PLGA NPs to achieve this effect 6],
Lipid-based and polymeric NPs are also being explored
for the delivery of chemotherapeutic agents in paediatric
cancers (for review see Guido et al., 2022 [78]).

V. INTRANASAL ADMINISTRATION
AS AN ALTERNATIVE TO THE
ORAL ROUTE IN BRAIN DRUG

DELIVERY

The nasal vestibule, respiratory, and olfactory
regions make up each half of the nasal cavity, which is
divided in half by the nasal septum. The nasal vestibule
is a small, hairy area at the nose's entrance that also
includes sebaceous glands [79]. It is bordered with
squamous epithelium. The nasal cavity is mostly used
for breathing. It contains the nasal turbinates and is lined
with ciliated pseudostratified columnar epithelium
(respiratory epithelium). The nasal turbinates, which are
made up of sinusoids and erectile tissue, are vascular
structures that serve to humidify and warm incoming air
and permit venous congestion. The olfactory area sits
atop the nasal cavity, around 7 centimeters from the
nostrils. Figure 1 shows that the olfactory epithelium is
lined with pseudostratified columnar epithelium and that
the olfactory nerve offers direct access to the central
nervous system.The nasal vestibule, respiratory, and
olfactory regions make up each half of the nasal cavity,
which is divided in half by the nasal septum. The nasal
vestibule is a small, hairy area at the nose's entrance that
also includes sebaceous glands [80]. It is bordered with
squamous epithelium. The nasal cavity is mostly used
for breathing. It contains the nasal turbinates and is lined
with ciliated pseudostratified columnar epithelium
(respiratory epithelium). The nasal turbinates, which are
made up of sinusoids and erectile tissue, are vascular
structures that serve to humidify and warm incoming air
and permit venous congestion. The olfactory area sits
atop the nasal cavity, around 7 centimeters from the
nostrils. Figure 1 shows that the olfactory epithelium is
lined with pseudostratified columnar epithelium and that
the olfactory nerve offers direct access to the central
nervous system.
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Figure 1: Pathways from the nose to the brain.

The olfactory epithelium in the nasal cavity's
upper part is where drugs should be deposited for them
to reach their intended target, the brain. The olfactory
nerve cells are located in this area, and they have direct
access to the brain and CSF without going via the BBB.
The continuous lines represent information traveling
from the nose to the brain, while the dotted lines
represent clearance. The box depicts transport via the
perivascular pump, bulk flow, lymphatic drainage, and
endoneural transport via the olfactory and trigeminal
nerves. It is possible for a little amount of an intranasally
delivered medicine to enter the central nervous system
via carotid artery branches, however the vascular
endothelium's permeability is the key limiting barrier for
this route. No considerable systemic absorption occurs
via the nasal mucosa.

Pre-clinical research has suggested multiple
routes for human nose-to-brain transfer. Due to essential
anatomical and physiological distinctions, evidence from
animal studies is not easily transferrable to humans.
However, clinical investigations have shown that
substances can be delivered to the brain via the nasal
passages, though the exact paths have yet to be
validated.

Airborne particles larger than 12 m are filtered
out by the vibrissae, turbulence, and mucosal contact in
the nasal vestibule after inhalation [81]. The nasal valve,
made up of the turbinates and cartilages of the nose, is
the entry point for substances into the respiratory system.
Selective autonomic innervation causes congestion and
decongestion of the nasal turbinates every 3-7 hours
[82]. The nasal valve might temporarily collapse as we
age due to increasing tissue elasticity [83]. Airflow is
especially sensitive to the nasal valve since it has the
smallest cross-sectional area in the nose. The number of
chemicals reaching the olfactory system is decreased by
this process. However, with the right equipment, up to
45% of a medication can be delivered to the nose [84].
Because of its enormous nasal surface area (about 130
cm2) and extensive vascular supply, the respiratory
system may be able to absorb the residual medication
[85]. As the maxillary branch of the trigeminal nerve
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accesses the central nervous system via the pons, it is an
important target for CNS drug transport [86.87]. In a
recent investigation using rats, researchers were able to
confirm that intranasal insulin travels along with the
trigeminal nerve's extracellular components to the
central nervous system [88]. These results imply that
macromolecules delivered intranasally can cross the
BBB and reach the central nervous system via the
trigeminal nerve [89]. Drugs that are able to bypass the
nasal valve reach the olfactory area, the only part of the
brain that has direct contact with the environment. It has
been hypothesized that drugs delivered through the nose
are mostly absorbed by the olfactory epithelium [90].
The human olfactory region has a surface size of 2-10
cm2. The olfactory nerve, on the other hand, may be
reachable from a wider area [91]. Drugs undergo
intracellular and extracellular transport along the
olfactory nerve once they have crossed the olfactory
epithelium. Lipophilic medications are transported via
paracellular passive diffusion, while hydrophilic drugs
are transported via carrier-mediated transport, with a
lesser role for endocytosis and axonal transport [92].
Olfactory nerve cells travel through the cribriform plate
of the ethmoidal bone to the olfactory bulb in the central
nervous system. The amygdala, orbitofrontal cortex, and
hippocampus all receive sensory input from the olfactory
bulb. Drugs can reach the brain via the olfactory bulb in
a few different ways, depending on their properties:
axonal transport, passive diffusion, or carrier-mediated
transport. Absorption via the paracellular space of the
olfactory mucosa, perivascular and perineural transport
into the lamina propria, and the Cerebrospinal Fluid
(CSF), make up the extracellular route [93]. Different
transport  processes, including intracellular and
extracellular transport, perivascular pumping, and bulk
flow, are involved in the drug's journey via the lamina
propria through the nerves, arteries, and lymphatics.
Subepithelial layer of loose connective tissue
including nerves, blood arteries, and lymphatics (lamina
propria) has been shown to transfer chemicals into brain
parenchyma [94] by bulk flow and perivascular
pumping. In order to propel the contents of the
perivascular space forward, the perivascular pump
mechanism relies on systolic arterial pressure waves
propagating through the vessels [95]. Ethmoidal arteries,
which originate in the ophthalmic and internal carotid
arteries, provide an abundant blood supply to the nose
[8]. Substances can enter the central nervous system via
the perivascular areas surrounding these arteries
[5,11].Studies comparing intranasal and arterial
administration in animals have shown that substances
administered in the former route enter the cerebral
perivascular spaces within 20 minutes [16], are found in
greater concentrations in the dura mater and circle of
Willis [17], and are found in greater concentrations in
the deep and superficial cervical nodes of rats [95],
indicating that they may be transported via lymphatic
drainage from the nasal passages and CSF. The

maxillary, ophthalmic, and facial arteries, all of which
are branches of the carotid artery, are the primary routes
through which intranasal medicines reach the central
nervous system. The key limiting hurdle for this pathway
is the permeability of the vascular endothelium. The
nasal cavity is also densely innervated by the body's
autonomic nervous system, thus it's not impossible for
signals to travel along parasympathetic neurons to the
sphenopalatine ganglion. When medications are unable
to enter the olfactory system, they are broken down by
enzymes and eliminated by the mucosa and cilia. Even if
only a little amount of the drug is left, it may be
reabsorbed into the systemic circulation through the
respiratory mucosa [98,99].

VI. DEVICE FOR NOSE TO BRAIN
DELIVERY

Deposition in the nasal epithelium and transport
pathways to the CNS can be affected by administration
route [100]. The amount of medication deposited on the
olfactory epithelium during N-to-B drug transport is
crucial to its success. Because of this, a novel nasal drug
delivery device is a crucial method for enhancing
diagnostic and therapeutic efficacy. Nose droppers,
sprays, needleless syringes, breath driven bi-directional
nasal devices, pressured meter dosage inhalers, and
pressurized olfactory delivery [101] are all examples of
nasal delivery devices used in clinical trials. Traditional
methods of liquid nasal delivery, such as droppers, spray
pumps, and pipettes, are less likely to target the olfactory
due to the location of the olfactory epithelium in the
upper part of the nose, the restriction of the nasal cavity
turbinates, and the effect of changing the head position
[102]. Therefore, either mucociliary clearance or
systemic absorption occurs [103]. To counteract the
drawbacks of the standard nasal delivery systems,
scientists have devised devices to administer the
medicine in liquid and powder forms. Some of these
delivery methods are discussed here, along with study
examples that make use of them.

Whether the drug has a local effect, is meant for
systemic absorption, N-to-B transport, or a combination
of these, Djupesland et al. [104] reviewed the
characteristics of nasal delivery devices in general and
the aerosol generation to achieve the clinical target of
nasal drug delivery to the nose cavity. However, most
discussions center on how to maximize dosage
deposition in the nasal cavity's upper regions, with the
end goal of reaching the brain. Powder formulations are
more stable, preservatives may not be necessary, and
they frequently adhere to the nasal mucosa before being
dissolved and removed [105]. Liquid formulations are
the cheapest, most straightforward, and oldest
formulations. Catheter-delivered medications are the
simplest way to get medication into the nasal cavity, as
all you have to do is blow into the other end of the
catheter, which is located in the nasal cavity [106].
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Using an electronic atomizer like the
ViaNaseTM, a nasal spray can be directed directly at the
respiratory epithelia lining the nasal canal and the
olfactory region [107,108]. Humans use ViaNaseTM to
administer insulin intranasally [109]. The device
comprises of a hermetically sealed nosepiece and a
mechanism that generates an active vortex of nebulized
particles. The SipNose is a nasal actuator designed to
deliver aerosolized microscopic particles to the upper
airways, where they will have the least chance of settling
[9]. SipNose can be used with a wide range of
formulations, including liquids, dry powders, tiny
chemicals, big molecules, biologics, and cells [110].
Precision Olfactory Delivery (POD®) by Impel
Neuropharma is an aerosol medication delivery system
designed to improve N-to-B drug delivery. This gadget
employs pressured gas instead of the patient's exhalation
force to release the dose [6,9,10]. Manufacturers claim a
50% deposition in the nasal cavity, and it comes with a
tank of compressed air or nitrogen, chlorofluorocarbon
(CFC), or hydrofluoroalkane (HFA) used as a propellant
and air chamber [111].

Powder is preservative-free because, as
discussed in the formulation section, it can be given in
high doses and the solid condition prevents microbial
contamination. Powder particle size, solubility, and flow
properties are just a few of the variables that affect how
much of the medicine is deposited and absorbed during
nasal delivery of a powder formulation [112].
Insufflators, Direct Halers, and Bi-Directional Optinoses
are all examples of powder devices [113].
Optinose'sOpt-Powder device is a breath-activated, bi-
directional delivery system for delivering liquid or nasal
powder formulations directly to the olfactory region of
the nasal canal. The closure of the soft palate in this
device prevents any powder from entering the lungs
[114] and also lessens the amount of powder entering the
lower nasal passages [115].

Dry powder inhalers (DPI) are another type of
powder delivery device. Common examples of nasal dry
inhalers include RhinocortTurbohaler® (Budesonide),
Teijin PuvlizerRhinocort® (beclomethasone
dipropionate, BDP), RhinicortPuvlizer® (Budesonide),
and Erizas® (Dexamethasone Cipecilate) [118]. The
Unidose (UDS) Nasal Powder system from Aptar
Pharma is a DPI that facilitates the rapid, accurate, and
simple administration of a single dose of medication
[38]. Bespak's resampled Flit Lizer technology went into
their Unidose-DPTM nasal powder sprayer, which
features a hermetically sealed container for
administering a single dose of medication [119]. Using
data from human MRI scans, a nasal cast model was
created to test the delivery of an antibody (human IgG)
as a dry powder. The deposition pattern of medications
within the nose after being given by Unidose-DPTM was
determined using Bespak's nasal cast model, a life-size
model of the nasal cavity constructed from MRI images.

Therefore, the nasal cavity received 95% of the dose; the
majority of the dose was deposited in the nasal vestibule
and the remaining 30% was deposited deeper in the nasal
cavity [18,22]. Vaccines have been administered using
SoluventTM, a powder delivery device created by
Beckton Dickinson (BD) [39] that drives the powder to
the nasal cavity. The powder is pushed through the nares
by an inert gas released by the Naltos device, developed
by Alchemy Pharmatech [6].

In humans, adjusting the formulation delivery
mechanism, delivery volume, and head position to target
specific regions of the nasal cavity results in efficient IN
administration to the CNS [8]. A human study using a
whole-virus influenza liquid vaccine without adjuvant
found that the immune response was enhanced when the
vaccine was administered via the breath-powered Bi-
Directional TMOptiNose device and nasal drops rather
than the more conventional nasal spray and oral spray
[22]. Dong et al. [40] used a CT-reconstructed nasal
model of a healthy 60-year-old adult to test nasal cavity
and aerosol delivery system designs. The authors used a
computational fluid and particle dynamics approach to
draw parallels between the aerosol mask and breath-
powered bi-directional systems. Compared to the
traditional ~ aerosol mask method, the results
demonstrated that the breath-powered medication
delivery methodology may provide better olfactory
deposition [40]. The Optinose device was also utilized to
investigate the dose-response relationship of oxytocin
(OT) peptide on social cognition in another
investigation. Inhaling into an Optinose device powered
by one's breath reduced the amount of OT required for
transnasal delivery to the brain. Lower doses were more
effective in eliciting a cognitive response [18]; more
illustrations of OT administration will be provided
below. The aforementioned cases emphasize the need of
using an appropriate nasal administration system to
ensure the medicine reaches the CNS quickly and
effectively.[120]

There have been no human N-to-B trials
conducted with any other advanced nasal devices outside
the Precision Olfactory Delivery, Optinose, and ViaNase
[6]. Research into noninvasive methods of conveying
and depositing drugs in the nasal cavity, such as nasal
drug delivery systems, has grown in recent years. As a
result, various nasal delivery devices have moved
forward to the stage of clinical trials. These include
powder devices, dry powder inhalers, bidirectional
breath-powder delivery devices, meter-dosed spray
pumps, nasal sprays, pressurized meter-dosed spray
inhalers, nebulizers, atomizers, and pressured olfactory
devices. Some nasal drug delivery devices (mainly nasal
spray) have already been licensed by the FDA to treat a
variety of conditions, including Zomig®, Astelin®,
Narcan®, Dymista®, Advancia®, OnzetraTM, and
Nasonex®. There have been multiple patent applications
for nasal administration systems to transport medications

his work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



Journal for Research in Applied Sciences
and Biotechnology

WWW.jrash.com

ISSN: 2583-4053
Volume-2 Issue-2 || April 2023|| PP. 89-101

https://doi.org/10.55544/jrash.2.2.14

to the brain, as reported by Pandey et al. [119]. In
addition, numerous biomedical device manufacturers
have secured patents for cutting-edge delivery systems
that utilize cutting-edge technology, such as smartphones
or a voice command, to initiate the regulated release of
the medicine [121].

In 2018, the generic nasal spray and inhalation
medicine market was worth $7.8 billion [122]. By the
end of 2025, that number is expected to have increased
to close to $12 billion. Approved nasal formulations
typically take the form of liquid sprays, and their active
ingredients can range from small molecules like
sumatriptan for migraine treatment to big molecules like
vitamin B12 and vasopressin [123]. Nasal medicines for
central nervous system problems are typically tiny
compounds.  However, there are hardly any big
molecules approved for use in treating CNS disorders
that are administered intranasally. The N-to-B transport
of different proteins and peptides, as well as the
numerous polymer and lipid-based nanocarrier systems
employed for N-to-B delivery of protein and peptides,
were all outlined by Agrawal et al. [124]. Non-
pressurized dispensers dispense a spray containing a
metered dose of the drug, and nasal sprays contain active
pharmaceutical ingredients in the form of a solution or
suspension with excipients (such as preservatives,
buffering agents, viscosity modifiers, emulsifiers) for
either systemic or local effects. The spray pump or
factory-set tolerances determine the exact dosage. The
nasal spray can also be made to dispense the
composition in units or up to a certain number of
metered sprays [125]. Some features of nasal sprays
(e.g., formulation, container closing mechanism,
stability, manufacturing, intermediates, and drug
product) are distinctive and require special attention
throughout development. Dose repeatability is sensitive
to the aforementioned factors. Furthermore, the design of
the container closure system influences the dosing
performance of the drug product, and nasal sprays have
unique features such as metering and spray producing
(e.g., orifice, nozzle, jet). Energy is required for
dispersal of the formulation as a spray by pushing the
formulation through the nasal actuator and its orifice.

Nebulizers turn the liquid formulation (solution
or suspension) into a fine mist that can be inhaled
through the nasal passages by using compressed gases
(air, nitrogen, or oxygen) or ultrasonic or mechanical
power. Conventional nasal nebulizer devices, as
discussed in the nasal device section, deposit the drug in
the nasal vestibule and nasal valve regions, where it does
not reach the olfactory region [126]. As a result, cutting-
edge nebulizer devices have been created for intranasal
drug delivery to the olfactory system. The precision
olfactory  delivery® (POD®) device  (Impel
Neuropharma, Seattle, WA, USA) and the ViaNaseTM
(Kurve Technology, Inc., Lynwood, WA, USA) are two
examples of cutting-edge nebulizers.[127]

VIl. CONCLUSION

Considering the physicochemical characteristics
of neurotherapeutics, SEDDS have been demonstrating a
high potential in improving these drugs’ bioavailability,
comparatively with traditional formulations such as
tablets, solutions or suspensions. This is mostly due to
the excipients that compose SEDDS, generating
nanosized structures after dispersion in the aqueous
medium. The large surface area of the formed droplets
after aqueous dispersion enhances drug dissolution,
permeability, and absorption through biological
membranes, leading to higher bioavailability. This not
only happens in GIT after oral administration but also if
SEDDS are administered through the nasal route. Even
though SEDDS have primarily been explored for
bioavailability enhancement after oral administration,
the application of SEDDS in nose-to-brain delivery is
worth being explored more. This is mostly due to all the
potential of the IN administration route in delivering
drugs directly to the brain, circumventing the BBB.
Thus, an even higher brain bioavailability of
neurotherapeutics might be expected if these were
intranasally administered loaded in SEDDS, compared
with the oral route. However, as demonstrated in this
review, little research has been developed regarding the
field of SEDDS for IN administration. Hence, it is
important to identify potential drugs to be loaded in
SEDDS at higher concentrations, particularly those that
are poorly water-soluble, to then be delivered by the IN
route. Nevertheless, there must be an interest in both the
scientific community and the pharmaceutical industry in
investing in SEDDS for IN administration to make its
commercialization possible in the near future.
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