m Journal of

Research in Pharmacy www.jrespharm.com

Spanelastic as a vesicular nanocarrier for transdermal drug
delivery system: Preparation, characterization and
bioactive loading

Nawal Ayash RAJAB! ), Yassir Mohamed ADULHUSSEIN?(%), Enas Jawad KADHIM?3(2), Shaimaa
Nazar ABDULHAMID!2/, Enas AL-ANI*

1 Department of Pharmaceutics, College of Pharmacy, University of Baghdad, Baghdad, Iraq.

2 College of Dentistry, University of Uruk, Baghdad, Iraq.

3 Department of Pharmacognosy and Medical plants, College of Pharmacy, University of Baghdad, Baghdad, Iraq.

4 Division of Pharmacy and Optometry, School of Health Sciences, Faculty of Biology, Medicine and Health, The

University of Manchester, Manchester, UK
*  Corresponding Author. E-mail: Yassirmohamed@uruk.edu.iq (Y.A.); Tel. +964 780 905 2172.

Received: 26 March 2024 / Revised: 20 May 2024 / Accepted: 23 May 2024

ABSTRACT: Spanlastic is a novel surfactant-based elastic nanovesicle delivery system that has been shown to deliver
many different types of drugs. The present review aimed to illustrate the structure, composition, evaluation and discuss
some bioactive compounds that can be delivered by spanlastics. Spanlastics are composed of a non-ionic surfactant and
an edge activator, which gives them their elasticity. This elasticity allows spanlastics to deform and squeeze through the
skin pores, making them ideal for transdermal delivery. Spanlastics have also been shown to be effective in delivering
drugs to the eye, buccal mucosa, and other tissues. Spanlastics have several advantages over other drug delivery
systems. They are non-immunogenic, biodegradable, and chemically stable. They are also more elastic than liposomes,
which makes them more effective at penetrating biological membranes. In addition, spanlastics can be formulated to
target specific tissues, which can improve the therapeutic efficacy of the drug. Spanlastics are a promising new drug
delivery system with a wide range of potential applications. They are currently being investigated for the treatment of a
wide range of diseases, including cancer, inflammation, and infectious diseases. Finally, this review leads to a conclude
that Spanelastic can be used as a good Vesicular Nanocarrier for transdermal drug delivery system.
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1. INTRODUCTION

The skin is the biggest organ of the human body, covering about 1.8 square meters of the total body
surface. It serves as a barrier between the body and the external environment. The transdermal route, which
involves delivering drugs through the skin, offers more advantages than the traditional routes. It is non-
invasive and bypasses the liver's first-pass metabolism. This route allows for long-lasting drug
concentration, reducing the frequency of dosing and improving patient compliance. Transdermal delivery is
especially beneficial for patients who cannot swallow tablets or capsules, as well as for controlled-release
medications that should not be crushed [1,2]. Spanlastics are a new type of elastic vesicular system, made up
of sorbitan esters (known as "spans") and edge activators. Among the different types of Spans, Span 60 is
widely used due to its saturated alkyl chains and lipophilic properties, which help in the development of
stable single- and multi-layered lipid vesicles with high entrapment efficiency. In addition to spans,
Spanlastics also contain edge activators such as tween, which increase the fluidity and the ability of the
vesicles to squeeze through narrow spaces [3,4]. The spanlastics have several advantages such as
biodegradable, biocompatible, less dosing frequency of medication, non-immunogenic, chemically stable,
improved oral bioavailability of poor soluble medicines, and skin permeability of drug when administered
topically compared to liposome [5,6]. The Spanlastics are used in oral, ocular, nasal, topical, transdermal
and transungual drug delivery [7,8].

2. STRUCTURE OF SPANLASTIC
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Spanlastics are spherical structures made up of amphiphilic molecules. They are around 180-450
nanometers in diameter [9,10]. The hydrophilic drugs are incorporated in the middle of the vesicle while the
hydrophobic drugs are incorporated in the tail part of the vesicle as seen in Figure 1.

Hydrophobic Drug ﬁ .
Hydrophilic Drug —) .‘

Figure 1. Structure of Spanlastic

3. COMPOSITION OF SPANLASTIC

The Spanlastics is composed of specific ingredients, namely non-ionic surfactants, edge activators, and
ethanol [9] summarized in Table 1.

Table 1. Components of the Spanlastic

Component Non-Ionic Surfactant Edge Activator Ethanol
Function Improve the stability of the Enhance Flexibility of Improve the
vesicle the vesicle permeability of the
vesicle
Most commonly Used Span 60 Tween 80 Ethanol

3.1 Non-ionic Surfactant

These are the most commonly used wetting agents in vesicle preparation due to their superior
properties such as compatibility, stability, and low toxicity. They consist of polar and non-polar components,
which make them highly effective at forming bilayer vesicles. The formation of these vesicles depends on
various factors such as critical packing parameters, the chemical structure of the components, and the
Hydrophilic-lipophilic balance (HLB) value of the wetting agent [9,10]. According to the HLB value, lower
values such as those found in span 80 and span 40 results in more disruption, aggregation, and instability
compared to vesicles made with span 60. This is because span 60's lipophilic nature enables the formation of
more stable lamellar matrix vesicles. Additionally, span 60 is more effective at encapsulating drugs than
other non-ionic surfactants. Therefore, the choice of wetting agent plays a crucial role in vesicle formation,
and non-ionic surfactants such as span 60 are highly preferred due to their superior properties and ability to
form stable vesicles for drug delivery applications [11].

3.2 Edge Activators

The use of an edge activator can decrease the interfacial tension of the vesicles and make them more
flexible. This means that larger particles can more easily pass through the pores in the membrane. Tween-80
and PVA are examples of edge activators that can be used. Polyvinyl alcohol can also be used to reduce the
size of the vesicles and increase their elasticity. However, hydrophilic wetting agents can also deteriorate the
vesicular membranes which paradoxically improves their deformability [12].

3.3 Ethanol

It is a good penetration enhancer that is important in spanlastic systems. It gives the vesicles different
properties, such as entrapment efficacy, stability, zeta potential, size, and increased permeability of skin.
When the alcohol concentration is too high, it will make the vesicle membrane leaky. This will cause the
vesicles to get slightly bigger and release more of their contents and the vesicles will completely dissolve. In
addition, When the concentration of ethanol is high, the ethanol molecules are close enough together that
they start to interact with each other and form a network of intertwined molecules, which reduces the
thickness of the vesicular membrane and therefore the size of the vesicles. Alcohol can change the electrical
charge of particles in a liquid, which can help to keep them from clumping together., which means that it
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creates a barrier around the vesicles that prevents them from clumping together. Therefore, it is important to
find an optimal level of alcohol to use to maintain the desired surface properties and permeability of the
vesicles [13].

4. PRODUCTION AND DEVELOPMENT OF SPANLASTICS VESICLES

The Spanlastics are produced using either the methods of ethanol injection or thin-film hydration, both of
which are commonly used in the industry [14-16].

4.1 Thin Film Hydration

This method is mostly used straightforward technique for preparing films. It involves dissolving
wetting agents in an organic solvent within a rounded bottom flask. The rotary vacuum evaporator removes
the organic solvent, leaving a thin film on the inner wall of the flask. To hydrate the film, an aqueous
solution as water should be added at a temperature above the transition temperature (Tc) of the surface-
active agent. If the drug is lipophilic, it should be added to the organic layer while if the drug is hydrophilic,
it should be added to the aqueous solution during the hydration process of the film. This method can be
used with modified spraying technique to produce vesicles that are both small and efficient at encapsulating
drugs [14,15].

4.2 The Ethanol Injection

The ethanol injection method is a technique used to prepare Spanlastics, which are formulations
containing a non-ionic surfactant and an edge activator in a specific ratio. In this method, a precise amount
of the non-ionic surfactant and the drug are dissolved in ethanol and then injected into a heated aqueous
phase. The aqueous phase contains the edge activator for the Spanlastics. The mixture is continuously stirred
at a high speed and temperature for a certain period of time. Afterward, the final volume is adjusted using
distilled water. However, there are some limitations associated with this technique. One drawback is the
difficulty in removing residual ethanol because it forms an azeotrope (a mixture with a constant boiling
point) with water. Additionally, even small amounts of ethanol present in the formulation may deactivate
biologically active macromolecules, posing a risk to their effectiveness [16].

5. CHARACTERIZATION OF SPANELASTIC

The summary of the characterization and their effect on Spanlastics was illustrated in Table 2.
Table 2. Summary of the characterization and their effect on Spanlastics

The Characterestics Effect on the vesicle

Particle size The lower the hydrophile-lipophile balance (HLB) of the
surfactant, the smaller the vesicle size
- Increase the concentration of an edge activator (sodium
deoxycholate), decrease the vesicle size

Zeta Potential (ZP) Stable when the ZP value is close to = 30mV

Polydispersity index (PDI) Decrease the polydispersity, improve the the vesicle size

In vitro release characteristics Constant release of the drug

Entrapment Efficiency Increasing Entrapment Efficiency, improve the formulation

TEM vesicles were spherical in shape with a well-defined sealed
structure

5.1 Particle size, Zeta Potential (ZP), and Polydispersity index (PDI)

The average particle size and polydispersity index (PDI) of drug-loaded vesicles is determined using
dynamic light scattering (DLS) (Zetasizer Nano). The sample is diluted with distilled water before
measurement and repeated three times [17,18]. The value of PDI is always between 0 and 1. Low PDI values
indicate uniformity in the particle size distribution and a monodisperse population but a higher PDI
indicates more heterogeneity [19].

The more polydisperse the vesicle size distribution is, the less regular the size of the vesicle in the
formulation. [20] In general, the system is usually stable when the ZP value is close to + 30mV because the
particles in the system repel each other electrically [21]. When the hydrocarbon tail of a surfactant is longer,
the vesicles formed are larger in size. Because Span 60 has the longest hydrocarbon tail without any double
bonds, it forms the largest vesicles [22]. Shahira F. El Menshawe et al investigated fluvastatin-loaded
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spanelastic vesicles (SNVs) and found that the average size of SNVs made with Span 60 (HLB 4.7) was larger
than those made with Span 80 (HLB 4.3). The authors hypothesizes that the lower the hydrophile-lipophile
balance (HLB) of the surfactant, the smaller the vesicle size produced. Therefore, SNVs made with Span 80
(HLB 4.3) are smaller in diameter than those made with Span 60 (HLB 4.7)[9]. Increasing hydrophobicity
reduces surface energy, which leads to the formation of smaller vesicles, could be attributed to the
association between the surfactant HLB and vesicle size that was found [22]. The concentration of edge
activator has a significant on the particle size, Shamma et al found that large amount of edge activator caused
a significant decrease in the particle size [23]. Dora et al. found similar results during the study of
preparation of glibenclamide nanoparticles at higher particle size concentrations. They found that lower
surface tension, which is caused by higher particle size concentrations, makes it easier for the particles to
divide and form smaller nanovesicles [24]. Another study found the formation of significantly smaller
spanlastics vesicles when the concentration of sodium deoxycholate increasing as an edge activator [25].

5.2 In vitro release characteristics

By using modified Franz diffusion cells (Franz diffusion cell with dialysis membrane) an exact volume
of each formulation is placed in the donor cell, and the dialysis process is performed. A specific milliliter
sample was withdrawn at each time interval and replaced with equal volumes of the liquid medium. Then
amount of the drug in each sample is measured spectrophotometrically. The way that a drug is released
from spanlastic formulations is affected by the attractive forces between the phospholipids in the bilayer,
which slows down the release of the drug [26].

5.3. Entrapment Efficiency

This test is carried out to separate the vesicles from the unentrapped or free drug by using the
ultracentrifugation method. The Spanlastics formulation is centrifuged. The clear supernatant (free drug) is
separated and filtered with a nylon syringe filter and the precipitate is washed with Phosphate Buffered
Saline (PBS) and then assayed using a UV spectrophotometer. The drug entrapment efficiency is expressed
as a percentage (EE %) and calculated as the equation below [9]:

EE% = {(total drug concentration - free drug concentration) / Total drug concentration } X 100

5.4. Elasticity Measurement:

The elasticity of a spanelastic membrane was tested by passing a suspension of vesicles through filters
of cellulose acetate filters at a definite pressure with the help of an air compressor. The measurements of
elasticity are compared by using an equation that expresses the elasticity of the vesicles in terms of a
deformability index (DI).

DI =] (rv/1p)?

The deformability index (DI) is equal to the weight of dispersion extruded in 10 minutes (J) multiplied
by the square of the ratio of the size of vesicles after extrusion (nm) (rv) to pore size of the barrier (nm) (rp)
[27].

5.5. Ex Vivo Permeation Study

This test involves using an animal according to the Ethics guidelines. The hair of the abdominal skin
of the rat is carefully removed by shaving and their abdominal skin is collected. The skin is divided by
scissors into pieces of proper size. Within period of time of collection, the excised shaved abdominal skin of
mice is thawed and used to study the ex vivo permeation of the drug from the prepared spanlastic
formulations [28].

5.6. Morphological Studies

The morphologic test is a microscopy technique used to examine the structural features of vesicles,
such as their size, shape, lamellarity, and aggregation. To perform the test, a drop of diluted vesicle
dispersion is placed on a specific grid and allowed to settle. The excess fluid is removed with filter paper,
and at room temperature, the grid is left to dry. The grid is then examined under a transmission electron
microscope (TEM). The TEM image provides information about the size, shape, and lamellarity of the
vesicles. The size of the vesicles can be measured directly from the image. The shape of the vesicles can be
described as spherical, elliptical, tubular, or other shapes. The lamellarity of the vesicles can be determined
by the number of concentric bilayers in the vesicle membrane. The TEM image can also be used to detect the
presence of aggregated vesicles. Aggregated vesicles are groups of two or more vesicles that are stuck
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together. Aggregated vesicles can be caused by a variety of factors, such as high vesicle concentration, pH,
and ionic strength. Overall, the morphologic test is a valuable tool for assessing the quality and purity of
vesicle dispersions [29,30].

6. BIOACTIVE
6.1. Olive Tree

Olive trees are an important part of Mediterranean culture, and they have been cultivated for
thousands of years. Over 300 varieties of olive trees have been developed to produce different types of olive
oil and other products. Olive trees are relatively low-maintenance and can live for hundreds of years. Olive
fruits and leaves have been used in traditional medicine for many centuries [31]. Studies have shown that
olive oil can reduce blood sugar levels, cholesterol levels, and uric acid levels. Olive oil can also be used to
treat diabetes, high blood pressure, inflammatory diseases, diarrhea, respiratory tract infections, urinary
tract infections, intestinal diseases, and hemorrhoids [32, 33]. Olive leaves contain a number of phenolic
compounds, including iridoids and secoiridoids. These compounds have been the focus of much research in
recent years, and they have been shown to have a variety of pharmacological properties. Olive fruits are
edible and contain a number of beneficial phenolic compounds. Volatile compounds from olive fruits and
leaves have also been studied extensively, and they have been shown to play a role in the flavor and aroma
of olive oil [34]. Many naturally active components have a wide range of therapeutic effects, but their use is
limited by their low stability under different pH and temperature conditions, their hydrophobicity, and their
bitter taste. To address these limitations, researchers have developed advanced delivery systems, such as
nanocarriers, to promote the bioavailability and therapeutic potential of these components. One example of
such a delivery system is the liposome of O. europaea extract. This liposome formulation was shown to
enhance the stability of the extract components [31-34]. Alnusaire et al., 2021 [35] formulated a spanlastic
formulation of Olea europaea leaves and showed a promise approach.

6.2. Curcumin

Turmeric, a plant related to ginger, originated in India and is now grown worldwide. It is a popular
spice in Indian and Asian cuisine, adding both flavor and color. India is the leading producer and exporter
of turmeric [36,37]. Curcumin, a compound found in turmeric, has been the subject of much research in
recent years due to its potential therapeutic benefits, including anti-inflammatory, anti-diabetic, anti-cancer,
and anti-aging properties. These findings are supported by evidence from laboratory, animal, and human
studies [38,39]. Ismail et al., 2023 [40] formulated a spanlastic of curcumin. The spanlastics were able to
increase the number of apoptotic cells, which confirms that they are a promising new delivery system for
melanoma treatment.

6.3 Green Tea

Natural plants are a valuable and affordable source of drugs that can be used to treat a variety of
diseases. Green tea, obtained from the leaves of the tea plant (Camellia sinensis), is a popular traditional
health drink and a good source of antioxidant polyphenols. However, black tea loses these beneficial effects
due to the oxidation of its chemical components [41-43]. Catechins are the main polyphenolic compounds in
green tea and are responsible for most of its antioxidant effects. Many studies have attributed the various
health benefits of green tea to epigallocatechin gallate (EGCG), the most important green tea flavonoid
[44,45]. EGCG has attracted the attention of many researchers as a promising drug in the pharmaceutical,
nutritional, and cosmetic fields. It has exhibited many pharmacological activities, including anti-tumor,
antioxidant, and anti-inflammatory effects. It also has beneficial effects on cardiovascular diseases, diabetes,
Parkinson's disease, stroke, Alzheimer's disease, and obesity [46]. However, EGCG has limited
bioavailability, meaning that only a small amount of it is absorbed into the bloodstream and reaches its
target tissues. This limits its pharmacological applications and accounts for the significant discrepancy
between ex vivo and in vivo studies. The poor bioavailability of EGCG is due to its high hydrophilicity,
which makes it difficult to penetrate cell membranes. Additionally, EGCG is unstable and susceptible to
environmental factors such as pH changes, oxygen, and other stressors [47-49].

Encapsulating EGCG in different formulations is an effective way to address these limitations.
Formulations can protect EGCG from degradation and improve its absorption into the bloodstream. Mazyed
et al., 2021 [50] enacpslate Green Tea Epigallocatechin Gallate in spanlastic to increased bioavailability and
enhanced pharmacological effects.
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Collectively, naturally occurring bioactive compounds have the potential to treat a wide range of
diseases. However, their application is limited due to chemical instability, quick degradation, low
absorption, and low bioavailability [51]. These challenges are demonstrated in bioactive polyphenols, which
have a wide range of health applications. Hence, extensive investigations are being conducted to encapsulate
them to improve their stability and efficacy [52]. One of these approaches is the spanelastic drug delivery
system.

7. CONCLUSION

Spanelastic as nano elastic vesicles have been extensively delivered for topical and transdermal
medicine in various medical conditions. They have also successfully delivered therapeutic compounds to
different body parts such as the skin, trans-lingual, brain, nasal, and ocular. Spanlastics with modifications

have also been reported to enable better and more precise medication delivery.
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