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Abstract

Numerous pharmacological compounds on the market are ineffective in treating brain disorders, and they
are not getting to the brain with the concentration required to have a pharmacological effect. Since there are many
barriers, including blood-brain barrier (BBB), P-glycoprotein (an active efflux transporter), and specific
enzymatic activity ) gamma glutamyl transpeptidase (gamma-GT) and alkaline phosphatase ALP ( are some of
the mechanisms that protect the brain from harmful circumstances. These systems, in particular BBB, hinder
therapeutic interventions of many medications. Thus, most medications cannot give the desired effect because
they cannot penetrate the brain, so they are useless in treating brain illnesses. As a result, numerous strategies
could enhance drug delivery to the brain. Thus, the vesicular medication delivery devices have made essential
advancements in nanotechnology. These systems are helpful in avoiding several problems with traditional dosage
forms, such as liposomes, nanoparticles, and spanlastic are proving to be more effective. Spanlastics are
surfactant-based elastic vesicular drug delivery system that traps the medication in the core cavity as a bilayer,
they are amphiphilic and deliver both hydrophilic and hydrophobic medications. Surface active agents, edge
activators, and ethanol are used to prepare the spanlastic, and many methods can be used to prepare these vesicles.
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Introduction

The brain is a complex and crucial organ that
receives messages from the sense organs and
regulates most body functions. In addition to
numerous other organs, it regulates hormone
secretion, memory encoding, and both voluntary and
involuntary motions @, and it is safeguarded both
internally and outside because of its crucial function
within the human body. Cerebrospinal fluid (CSF),
the CSF-blood barrier, and the blood-brain barrier
(BBB) shield it from external harm. It also has a
cranium that protects against internal harm with
multiple membrane layers. These defenses shield the
brain against physical trauma, infections,
endotoxins, and other adverse effects while
preserving homeostasis .

Several pharmacological compounds now
available in the market are ineffective in treating
brain disorders. Disorders occur because the
requisite concentration of the drug in the brain is not
being reached to have a pharmacological effect.
Hence, techniques that might enhance the
transportation of medications to the brain are a
significant focus ©.

Despite extensive research on the subject of
neuroscience, patients can still be afflicted with
severe, life-threatening, and incapacitating brain
illnesses such as epilepsy, cerebrovascular diseases,

neurodegenerative disorders (e.g., Alzheimer's,
Huntington and Parkinson's disease), and various
forms of brain cancer. Often, the clinical
effectiveness of a therapeutic agent is not just
because of its lack of potency but can also be
attributed to challenges in accurately delivering the
agent to its intended site of action . Because their
physiochemical characteristics do not meet the
criteria for molecular entrance of some medications
into the CNS ®. Some drugs, known as lipophilic
compounds, may be able to pass through the blood-
brain barrier (BBB) if their molecular weight is less
than 600 Dalton (Da) and their partition coefficient
(Log P) is between 1.5 and 2.7 ©),
Reasons for Insufficient Access of Medications to
Brain
1. The Presence of Barriers

The BBB functions as a barrier that governs
and manages the passage of drug molecules from the
circulation to the brain. Over 98% of medication
molecules are unable to penetrate the blood-brain
barrier due to this reason @,
2- Mechanisms of efflux of Drug Transport to the
brain

It is a further obstruction at the BBB
interface. The active efflux transporters (AET) that
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are present here help the BBB function by expelling
the substances from the brain tissue back into the
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bloodstream (8), mechanisms of drug transport
represented in Figure (1) ©9F
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Figure 1. Transport mechanisms across the BBB.

Transportation method across the BBB

The mechanisms used for medication
passage over the BBB can be illustrated as follows:
1. Paracellular (aqueous) diffusion

The transfer of medication substances
between cells is a part of this process. It is an
uncompetitive, untapped process. Few molecules
can pass through the tight connections at the
endothelial cells of the brain. This method can only
transport tiny, water-soluble compounds through the
BBB, such as cimetidine, ranitidine, famotidine, and
furosemide @9,
2.Transcellular (lipophilic) diffusion (transcytosis)

Transcellular diffusion is a non-competitive,
non-saturated process, just like paracellular
diffusion. The medication ingredient must travel
between cells during this procedure. By using this
method, substances with low molecular weight (500
Da) and high lipophilicity (log p > 2) can be
transferred so easily through BBB @9,
3. Facilitated carrier-mediated transport

Similar to passive diffusion, the mechanism
of facilitated carrier-mediated transport involves the
development of transient narrow pores brought
about by the binding of a specific drug substrate to a
specific carrier. These pores only permit the passage

of that drug substrate from high to low concentration
(12)

Peptides, amino acids, hexoses, organic anions and
cations, neurotransmitters, and nucleosides are some
of the carrier systems involved in this transport that
have been observed in brain capillaries @3,
4. Receptor-mediated Transcytosis

Large endogenous proteins,  certain
hormones, and high molecular weight compounds

can pass across the blood-brain barrier with the
assistance of particular receptors found on the
luminal membrane of the barrier. It has also been
established that some particular receptors for insulin
are insulin-like growth factors ¢4,
5. Transcytosis mediated by receptors

Large  endogenous  proteins,  certain
hormones, and other substances can pass through the
BBB with the help of specific receptors located on
the luminal membrane 9,
In pinocytosis, or adsorption mediated transcytosis,
positively charged material interacts
electrostatically with the negatively charged
glycocalyx surface of the plasma membrane,
causing pinocytosis. Pinocytosis can be used to
internalize polycationic proteins like cationized
albumin/immunoglobulin in the brain without the
involvement of particular plasma membrane
receptors. Comparatively speaking, this mechanism
has a higher capacity and a lower affinity than
receptor-mediated endocytosis 1),
Delivery of active compounds/nanoparticles from
the nasal cavity to the brain

The current research suggests that the nose-
to-brain pathway is a promising method for
delivering medicinal substances or nanocarriers
directly to the brain without the need to travel
through the blood-brain barrier. Three distinct
transport mechanisms are involved: olfactory
pathway, Trigeminal nerve pathway, and systemic
pathway, which can be explained as follows ®7):
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Olfactory pathway

Therapeutic modalities are supplied through
the nose and pass to the olfactory mucosa, also
known as olfactory epithelium. The olfactory
mucosa houses olfactory receptor neurons that are
responsible for transduction. Olfactory transduction
occurs in the cilia at the distal end of olfactory
receptor neurons (9,
Trigeminal pathway

The trigeminal nerve route connects to the
caudal region of the brain, including the spinal cord,
medulla, and pons. Medications are delivered
through the nose via the trigeminal nerve pathway.
Intracellular transport occurs by axonal transport or
endocytosis. The trigeminal nerve is the biggest of
the cranial nerves and consists of three branches:
ophthalmic, maxillary, and mandibular. The
ophthalmic and maxillary branches are crucial for
medication administration from the nose to the brain
as their neurons pass straight through the nasal
mucosa. A portion of the trigeminal nerve
terminates in the olfactory bulbs %29,
Systemic pathway

Drugs can enter the brain from the nasal
cavity via the bloodstream. The medication was
absorbed into the systemic circulation more through
the rich vasculature of the respiratory epithelium
than the olfactory mucosa portion. The respiratory

Table 1. Examples of different types of nanovesicles

Spanlastics for targeted CNS drug delivery

segment consists of a combination of continuous and
fenestrated endothelium that permits the entry of
tiny and big molecules into the bloodstream,
facilitating their transit across the blood-brain
barrier to the central nervous system @9,
Nasal route nanoparticulate drug delivery system
for brain targeting

To get to the brain, drug compounds must
cross the BBB. Due to the brain's efflux mechanism
or its low penetration properties, the majority of
medication molecules do not successfully cross the
BBB. To overcome these challenges, several
nanoparticles (NPs)-based drug delivery methods
have been created by numerous researchers (?223),
NPs are defined as particles with a diameter of less
than 1000 nm. They can be made using a variety of
biodegradable substances, including lipids and/or
phospholipids, various natural and synthetic
polymers, and even metals @42, Several vesicles
have appeared and been extensively developed for a
variety of biomedical uses, as represented in Figure
(2) ?821, Vesicular drug delivery systems (VDDSs)
are defined as drug carriers with a vesicular structure
formed of one or more concentric or continuous
bilayers resulting from amphiphiles self-assembling
in an aqueous medium @®. Table (1) shows an
example of different nanovesicle dosage forms.

Drug Nanosystem Disease
Ropinirole hydrochloride @9 bilosome Parkinson's disease
Nisoldipine €% bilosome Calcium channel blocker
Lornoxicam @9 Cubosomes: Nonsteroidal anti-inflammatory (NSAID)
Fenticonazole Nitrate ©¢2 terpesomes antifungal agent
Zolmitriptan ¢ spanlastic Migraine treatment
Celecoxib ¢4 spanlastic Anti-Inflammatory effect
Spironolactone hyaluronic centrosome Hirsutism treatment
fenticonazole nitrate ©9 centrosome antifungal agent
Diacerein ©7 Novasome anti-inflammatory
Ondansetron ©8) Invasomes Treatment of nausea and vomiting
Terconazole 9 novasomes antifungal agent
Tolmetin“0 niosomes Nonsteroidal anti-inflammatory (NSAID)
Nisoldipine €9 bilosome Calcium channel blocker
Lornoxicam G Cubosomes Nonsteroidal anti-inflammatory (NSAID)

These days, a variety of vesicles, including liposomes, niosomes, phytosomes, transfersomes, and spanlastic, are
the preferred methods for delivering drugs Y. Compared to conventional ones, VDDSs have several benefits,
including superior cell membrane permeability, strong biocompatibility and degradability, self-adapting
deformation, and the flexibility to incorporate both hydrophilic and lipophilic medicines 2. Figure 2 illustrates

the varying structures of nanovesicles 3
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Figure 2. Schematic diagram represents the structure of different nanovesicles

Spanlastics vesicles are amphiphilic, meaning they
have both hydrophobic and hydrophilic properties.
They enclose medication in a vesicle formed by a
non-ionic surfactant. These tiny vesicles can only be
seen under a microscope 449,

Spanlastics belong to a unique class of
nanovesicles that address the drawbacks of
liposomes, such as chemical instability. Liposomes
are prone to oxidative degradation and have variable
phospholipid purity, which affects their chemical
stability. The elastic properties of Spanlastics are
due to edge activators present in their structure, such
as tween80 @647, Spanlastic is a distinct form of
vesicular carrier that functions as a drug delivery
system for the purpose of targeting drugs to specific
sites in specific areas of the body, such as the eyes,
mouth, skin, nose, and nails “849),

Advantages of Spanlastics ©9;

¢ Encapsulate hydrophilic and hydrophobic drugs

o Protect drugs from degradation

o Improve drug solubility and bioavailability

e Target specific tissues or cells

o Have controlled release properties

Disadvantages of Spanlastics ¢%52:

o Difficult to scale up production

o Have limited stability under certain conditions

o May have limited drug-loading capacity

e Require specialized equipment or expertise for
formulation

e May induce immunogenicity or toxicity

o It may be expensive compared to other drug
delivery systems

o It may be challenging to store or transport due to
sensitivity to temperature and moisture
Characteristics of Spanlastics Nanovesicles (354
1. Targeted drug delivery: Spanlastics serve as drug
delivery systems that target specific body areas
precisely.

2. Flexibility

These vesicular carriers are adaptable and capable of
delivering hydrophilic and lipophilic drugs.

3. Improved drug effectiveness

By enhancing drug stability and bioavailability
while reducing degradation rates, Spanlastics
improve drug efficacy.

4. Their formulation is intended for targeted
action on a particular site in the eye.

It can reach both the anterior and posterior segments
of the eye, facilitating precise drug delivery to the
retinal pigment epithelium, vitreous cavity, and
choroid.

5. Wide range of applications

Spanlastics help deliver drugs to various body parts,
including the eyes, mouth, skin, nose, and nails.
Classification of Spanlastics >%6)

Spanlastics, similar to liposomes, can be categorized
based on the number of layers they consist of:

o Multi-Lamellar Vesicles (MLV) are the most
commonly used type of Spanlastics. They comprise
several bilayers with an estimated diameter of 0.5 to
1.0 microns. MLVs are easy to manufacture and
remain mechanically stable for an extended period
of time when stored.

o Large Unilamellar Vesicles (LUVS) possess a high
ratio of aqueous to lipid components, which allows
for the entrapment of more substantial amounts of
bioactive materials.

o Small Unilamellar Vesicles (SUVs) are primarily
created through techniques such as sonication,
French press, and extrusion, which involve
preparing them from Multi-lamellar Vesicles.
Constituents of Spanlastics:

Spanlastics have a similar structure to
conventional liposomes and Transfersomes, being
highly elastic and deformable. Their composition
primarily consists of two components: a non-ionic
surfactant and an edge activator. They are called
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Spanlastics because they are primarily composed of
Spans, which make up their composition ¢7:59),

Non-ionic surfactants lower the interfacial
tension between two liquids, such as water and oil.
These surfactants do not have any charged group in
their head region. Spanlastics primarily comprise
Spans, an essential class of non-ionic surfactants
known as sorbitan alkyl esters. Spans organize
themselves into concentric bilayers to create the
vesicular structure in Spanlastics ©° 60,

Different types of Spans, including Span 80,
Span 60, Span 40, and Span 20, exhibit varying
degrees of stability depending on the fatty acid
linked to the polyoxyethylene sorbitan portion of the
molecule. For instance, vesicles formed from Span
80 and 40 are prone to disruption, clumping, and
instability. However, Span60 contains saturated
alkyl chains that provide the vesicles with higher
stability. The production of unilamellar or multi-
lamellar matrix vesicles is facilitated by the
lipophilic character of these saturated alkyl chains in
Span 60. Moreover, the surfactant's surface-active
characteristics enhance the edge activator's
performance, causing a decrease in interfacial
tension and producing fine Spanlastics (612,
Edge activators

A distinctive group of surfactants with high
hydrophilicity, known as high HLB surfactants,
possess singular characteristics. They are classified
as single-chain surfactants that decrease the
interfacial tension, making the vesicles unstable and
improving the deformability of their bilayer
structure. This characteristic makes the lipid bilayer
membranes of the vesicles flexible. EAs also
produce more spherical vesicles with smaller
particle sizes ©3,

The flexibility of the vesicles can be
improved by adding an edge activator, such as
Tween 80; this enables them to temporarily increase
the biological membrane's whole size, allowing
slightly  larger vesicles to pass through.
Additionally, these hydrophilic surfactants can
destabilize vesicular membranes, make them more
flexible, and produce systems with variable degrees
of packing characteristic disturbance 465,

Ethanol

Ethanol has beneficial effects on the characteristics
of these nano-vesicles. It enhances the ability of the
vesicles to incorporate and retain drugs. Ethanol also
condenses the membrane, reducing vesicle size and
altering the system's net charge, giving rise to

negative zeta potential and some steric stabilization
(66.67)

The mechanism of Spanlastics penetration

Edge activators cause destabilization of the
lipid bilayer, which enhances vesicle deformability.
These vesicles have a surfactant component that
induces the formation of pores in lipid structures
such as membranes and can cause lysis at higher
concentrations. Due to their elastic nature, the

Spanlastics for targeted CNS drug delivery

vesicles can move through intercellular regions
based on the water gradient and the bending energy
of the membrane, which is dependent on its
composition ©8:69),
There are two ways that drugs can be ingested %70:
1- The elastic vesicles can act as drug-carrier
systems, carrying the drug through intercellular
spaces inside cells and biological membranes.
2- The intercellular lipid lamellae are altered by the
elastic vesicles' interaction with the epithelial cell
membrane, which they do by acting as enhancers to
promote penetration.
The successful transport of these carriers can be
credited to two factors: the vesicle bilayer's high
stress-dependent elasticity and the presence of an
osmotic gradient (/279),
Approaches to Creating Spanlastic Nanocarriers:
1- ethanol injection method Byusing this method,
spanlastics with a predetermined ratio of edge
activator to non-ionic surfactant may be made. The
medication to be enclosed is dissolved in span and
ethanol. Sonicate the lipid solution for five minutes.
This solution is now continuously fed into a heated
aqueous phase that contains an edge activator (such
as Tween-80), and it has been stirred on a magnetic
stirrer for 30 minutes at 800-1600 rpm and 70-80°C
The mixture is stirred at a cold temperature for a
further thirty minutes. Ten milliliters is the final
formulation after adding distilled water (479,
2- Thin film hydration method The thin film
hydration approach creates drug-loaded
nanovesicles. In summary, a specific weight of
medicine is added to a mixture of span and EA in
various ratios and dissolved in a specific volume of
organic solvent in a round-bottom flask immersed in
a water bath at 50°- 60°C. A rotary evaporator
spinning at a predetermined rpm is used to gently
evaporate the solvent at 50°- 60°C under negative
pressure until a thin, dry film is formed inside the
flask. The deposited dried film is hydrated using
distilled water to verify that the film is fully hydrated
and allows time to rotate the flask while maintaining
a constant hydration temperature and atmospheric
pressure. To get nano vesicular dispersions, the final
volume should completed to the required volume at
room temperature. This dispersion was maintained
overnight at 4°C in the refrigerator (7677,
Variables affect the physical and chemical
properties of spanlastics

The properties of drugs, such as their
molecular weight, chemical structure,
hydrophilicity, lipophilicity, and HLB value, can
impact drug entrapment efficiency in spanlastics.
The presence of medicines in spanlastics may cause
a rise in vesicle size. This results from interactions
between drug particles and the surfactant head
group, which can raise the polymer's charge and
make the bilayer repellent, resulting in more giant
vesicles (879,
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The stability of spanlastics can be enhanced by
incorporating additional compounds in the
formulation with the primary surfactant and drug,
known as membrane additives. The presence of
additives can affect the vesicles' morphology,
permeability, and ability to maintain their structure
and properties over time. For example, adding
tweens can increase the flexibility of the vesicles,

making them more able to enter the targeted area
(80,81)

To explain the effect of surfactant HLB on
vesicle size, an increase in HLB causes a decrease in
TC and a shift towards the liquid phase. This shift
towards the liquid phase results in an increase in
vesicle size due to the increase in surfactant mobility
and ability to form larger bilayer structures for
surfactant and lipid characterization and the
effectiveness of spanlastics' trapping. The HLB
value also impacts the entrapment efficiency of
spanlastics, with high entrapment efficiency being
seen at an HLB value of 8.6 and values between 14
and 17 being unsuitable for their formulation ©283),

The surfactant's structure can also influence
the physicochemical properties to determine the
structure of vesicles formed by surfactants. The
critical packing parameter (CPP) is used to predict
the geometry of the wvesicles formed during
preparation. It is calculated based on the
hydrophobic group volume, critical hydrophobic
group length, and area of the hydrophilic head
group. By analyzing the CPP value, one can predict
the structure of vesicles as spherical micelles if
CPP<1/2, bilayer micelles if 1/2<CPP<1, and
inverted micelles if CPP>1. Hence, the CPP value is
an essential parameter to determine the structure of
vesicles formed by surfactants 489,

How spanlastics are prepared can notably
impact their final properties, with methods like
handshaking, ether injection, and sonication all
playing a role. When compared to handshaking,
ether injection typically results in smaller vesicles.
Therefore, if handshaking is used, a potential
solution to this issue is first to hydrate the mixture
and then vortex it, which can help decrease the size
of the vesicles produced €9,

In vivo behaviour of spanlastic

In vivo studies have demonstrated that
spanlastics have comparable efficacy to nano-
vesicles and exhibit a distribution pattern in the body
similar to other colloidal drug delivery systems. The
natural vectoring process of spanlastics produces a
high distribution of the constituents in vivo ©7:88),

The size of the vesicles also plays a role in
drug elimination from the bloodstream. Smaller
vesicles can pierce sinusoidal epithelium and have
easier access to organs like the spleen, skin, nails,
nose, and middle ear. However, giant vesicles are
more likely to be caught in the alveolar part of the
lungs due to retention or phagocytic action 9,
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Conclusion
The presence of specific barriers, such as

the BBB, represents a well-known obstacle in
delivering medications to the brain. The
development of the nose-to-brain route professes to
be a promising technique to bypass the blood-brain
barrier (BBB) and directly transport medicinal
compounds to the brain. Nanovasicular systems like
Spanlastics, surfactant-based vesicles, can be
recruited for the nose to the brain drug delivery
system. They prevent first-pass metabolism and
address the problems associated with the limited
brain bioavailability of medicines. By using these
vesicular systems, lipophilic and hydrophilic
medications can provide site-specific effects.
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