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ABSTRACT :

A novel drug delivery technique called spanlastics traps the drug in a central chamber in the shape of a
bilayer. Nanocarriers are used in this innovative method of drug delivery to improve the bioavailability and
therapeutic effectiveness of pharmaceuticals. These elastic, nanoscale vesicles are made of edge activators
and non-ionic surfactants and offer regulated medication release, flexibility, and stability.

Spanlastics are particularly helpful for delivering hydrophobic drugs since they can penetrate biological
barriers including the skin and mucous membranes. Their elasticity allows them to deform and fit into tiny
pores, making them suitable for transdermal, ophthalmic, and other site-specific drug delivery applications.
This approach has shown promise in improving drug solubility, reducing side effects, and ensuring sustained
therapeutic benefits.

INTRODUCTION:

For the past few decades, researchers have focused on developing innovative drug delivery systems
(NDDS). A few of the conventional carriers are by nature inflexible (1). In order to increase permeability
on biological membranes, current research has focused on improving the deformability of nanovesicles
(2).In 2011, spanlastics were first introduced. The combination of [Span+Elastic] and [Span] is pronounced
as "Spanlastics." Kakkar and Kaur developed the first surfactant-based deformable nanocarriers. Edge
activators E.A. and non-ionic surfactants, which are part of spanlastics, destabilize nanocarrier vesicular
membranes and encourage flexibility and permeability through a range of biological membranes without
breaking them (3).

In comparison to liposomes, nano-spanlastics are chemically more stable, biodegradable, non-
immunogenic, and made of deformable nano-vesicles (4,5). The nano vesicle carrier is called nano
spanlastics.

since they are easily compressed and deformed, nano-spanlastics add stability to lipophilic medications by
encasing them in nanocarriers and increasing their permeability through the microscopic gaps of biological
membranes (7,8). This type of nano-vesicular carrier delivers the drug to a specific site and can be used in
a number of ways, such as oral, nasal, transdermal, and ocular applications.(9).

STRUCTURE OF SPANLASTIC:

Spanlastics are spherically shaped, amphiphilic molecule-based structures that function as efficient
bioencapsulation matrices. Pharmaceuticals that are hydrophilic are found in the central section of the
vesicle, while hydrophobic medications are found in the hydrophobic tail. The size of the SPs vesicle
normally falls between 180 and 450 nm.
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COMPOSITION (12):

The two essential components of spanlastics are a nonionic surfactant and an Edge activator.
Substances that are not ionic:

Because of their various benefits, non-ionic surfactants are frequently used as wetting agents while creating
vesicles. They are less toxic, more stable, and more compatible than cationic, amphoteric, or anionic
surfactants (13). Nonionic surfactants' strong interfacial activity is a result of their combination of polar and
non-polar components.

Several parameters, such as the critical packing parameter (CPP), the chemical makeup of the contents, and
the hydrophilic-lipophilic balance (HLB) of the wetting agent, may affect the formation of bilayer vesicles.
Compared to vesicles based mostly on span 80 (HLB value 4.3), those based primarily on span 40 (HLB
value 6.7) and span 60 (HLB value 4.7) show greater stability and are probably less disturbed, aggregated,
and unstablel14.
The lipophilic characteristics of span 60 increase its capacity to entrap pharmaceuticals and facilitate the
formation of lamellar matrix vesicles in comparison to other non-ionic surfactants.

EDGE ACTIVATORS (15): A variety of surfactants, such as Tween 80 and PVA, can function as edge
activators. PVA can be added to the vesicles to increase their flexibility while decreasing their size. Despite
increasing the deformability of vesicular membranes, the use of these hydrophilic wetting agents may cause
damage to them [14e16]. Combining SPs with an edge activator increases flexibility and reduces interfacial
tension, which makes it easier for big particles to fit through the tiny pores.

PENETRATION OF VESICLES THROUGH SKIN®617):

The lipid bilayers become unstable due to edge activators (EAS), which increases the deformability of the
vesicles. The surfactant in these vesicles stimulates lysis (solubilization) at greater concentrations and
creates porosity in membranes and other lipid structures.

Therefore, elastic vesicles can compress themselves over intercellular regions with different membrane
characteristics when there is a water gradient present.

With the use of elastic vesicles, undamaged drug-carrying vesicles can pass through biological membranes
and intercellular gaps.
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Two factors influence these carriers' ability to travel successfully:

1. Vesicle bilayer flexibility is strongly dependent on stress.
2. There is an osmotic pressure gradient.

SPANLASTICS CLASSIFICATION:

The number of layers that spanlastics are formed of determines their classification. For example:
i. Multi-Lamellar Vesicles (MLV): These are the most commonly utilized type. It is made up of many
bilayers. Vesicles range in diameter from 0.5 to 1.0 microns. It is easy to build and maintains its mechanical
stability over time.

ii. Large Unilamellar Vesicles (LUV):

LUVs can entrap higher amounts of bioactive molecules because of their high aqueous/lipid component
ratio.

iii. SUVs, or small unilamellar veins:
There is just one bilayer vesicle in it. The size is between 20 nm and 50 um
ADVANTAGES (10,11):

1. Unlike regular spanlastics, which have shielding support, nano-Spanlastics deliver medication to the
targeted spot without being torn off, improving bioavailability.

2. Nano-Spanlastics naturally decompose.
3. Compared to the traditional form, nano-Spanlastics have a higher bioavailability.

4. They deliver the medication at the intended location without harming the pores or cell membranes.
5. They are very compatible with biological systems due to the non-ionic surfactants that are a part of their
composition.

6. These formulations are more cost-effective than others.

7. They improve the stability of the medicine that is entrapped and are osmotically stable and active.
8. The vesicles are less harmful when a non-ionic surfactant is present.

9. These spanlastics enable hydrophilic or lipophilic medications to cross biological membranes, including
the skin, oral, topical, or parentral.

10. They are made to accomplish site-specific goals. These vesicles' elastic properties allow them to pass
through the corneal membrane and target the retinal pigment epithelium, vitreous cavity, and choroid in
both the anterior and posterior segments of the eye.

11. The following is the order in which surfactant's irritating strength declines: spanlastics based on nonionic
surfactants are non-irritating to the eyes because they are cationic > anionic > ampholytic > nonionic.

12. In prolonged drug delivery, they are crucial in postponing the removal of drug molecules from the
systemic circulation.

DISADVANTAGES:

1. Because of their surface negative charge, spanlastics may have poor mucoadhesion properties,
particularly in applications like ocular administration. This may make it more difficult for the target surface
to absorb the material.

2. Toxicology associated to surfactants: Because surfactants make up the majority of spanlastics, large
guantities may cause irritation or toxicity at the application site, depending on the surfactant's characteristics.
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3. Limited drug loading capacity: Some medications may not easily integrate into spanlastic vesicles due to

their physicochemical characteristics, which restricts the quantity of medication that may be administered.
4. Stability issues: Over time, spanlastic formulations may deteriorate as a result of interactions with other
formulation ingredients, temperature swings, and pH variations.

PREPARATION OF SPANLASTICS VESICLES :
There are several ways to make spanlastics :

a) ETHANOL INJECTION METHOD:

A precisely measured amount of non-ionic surfactant and medication dissolved in ethanol are injected
into the heated aqueous phase, which also contains an edge activator for spanlastics, in the first stage.
At 800-1600 revolutions per minute, the mixture is continually swirled while being maintained at 70-
80 degrees Celsius for 30 minutes. As the final step, water is added to the solution until the proper
volume is achieved @9,

Because it combines with water to form an azeotrope (the word "azeotrope" refers to a mixture of two
or more substances that cannot be separated by straightforward distillation because the liquid phase and
the vapour phase have the same composition), It is therefore difficult to remove leftover ethanol using
this process, because the components in the mixture evaporate and condense together, making further
separation by conventional distillation techniques impossible. Additionally, ethanol has the potential to

deactivate a number of physiologically active macromolecules in even minute amounts.®.

b) THIN FILM-HYDRATION TECHNIQUE:

It is a simple technique for creating thin films. Wetting agents, like span 60, are accurately weighed in a
round-bottom flask and dissolved in organic solvents, like chloroform, to create a thin coating on the flask
walls (20),
A rotary evaporator running at 90-100 rpm is used to evaporate the organic solvents at 60°C. The aqueous
phase containing the edge activators is then added, and after 30 minutes of regular rotation at 90 rpm, the
solvents evaporate and the film is separated from the walls. While lipophilic medications are added to
organic layers, hydrophilic drugs can be introduced to aqueous solution when an aqueous phase is added to

the film @9,
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c) SONICATION:

This procedure involves preparing a drug sample using the proper buffer, then mixing the surfactant mixture
with a sample of the medication in a 10 mL glass vial. The liquid is then sonicated using a titanium probe(??,

d) HAND SHAKING METHOD

It is necessary to first dissolve surfactants in an organic solvent, such as ether or chloroform. After that, the
solvent is eliminated inside a flask with a circular bottom by vacuum and low-pressure evaporation. An
aqueous drug solution is added to rehydrate the layer, and the mixture is quickly swirled. The surfactant
layer thickens as a result of the amphiphiles' slow folding and the creation of vesicles that trap the drug®®,

e) ETHER INJECTION:

The surfactant is injected into an aqueous phase that has been heated to 600 degrees Celsius at a rate of 25
milliliters per minute using a 14-gauge needle. For this approach, 20 milliliters of ether must be used to
dissolve the surfactant. A rotary evaporator will be used to remove the ethanol from the ether solution.
Vesicles with a single layer will occur as a result of the procedure once the organic solvent has been totally

eliminated@¥,
f) Microfluidization Method:

With this technique, two fluidized streams—one holding a drug and the other a surfactant—interact at
extremely high speeds inside pre-designed microchannels in an interaction chamber. In order to keep the
energy supplied to the system within the range needed for spanlastic compositions, it is carefully regulated.
The submerged jet principle is the term used to describe this phenomena. As a result, the formulation has

improved reproducibility, decreased dimensions, and improved homogeneity®>,

FACTOR AFFECTING OF PHYSIO-CHEMICAL PROPERTIES OF SPANLASTICS®)

I. Membrane supplements:

In addition to the active agent and primary surfactant, additional chemicals can be added to the
formulation to increase the stability of the spanlastics. Numerous alterations can impact the stability,
shape, and permeability of vesicle membranes. For example, tweens might increase the produced
vesicles' flexibility, which facilitates their entry into the targeted region.

ii. Properties of Drugs:

The drug's hydrophilicity, lipophilicity, hydrophilic-lipophilic balance, molecular weight, and chemical
structure are some of the factors that can impact its entrapment efficiency. The medications being
trapped may cause the vesicle to enlarge.

iii. Hydration Temperature:

The temperature at which an object is hydrated can also affect its size and shape. The temperature
differential across the system has an impact on the vesicle assembly process. Vesicles' shapes can also
alter as a result of temperature fluctuations. At 25 degrees Celsius, the polyhydral vesicles of C16G2:
solution C24 (91:9) develop; however, at 45 degrees Celsius, they transform into spherical vesicles.
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After cooling from 55 degrees Celsius to 49 degrees Celsius, the spherical vesicles form a cluster of

spherically formed but significantly smaller nano-vesicles.

CHARACTERIZATIONS OF SPANLASTICS®@:
i.  Entrapment Efficiency (EE):

This refers to the proportion of medication that gets absorbed by the polymers. Entrapment efficiency is
calculated using the formula below:

EE is equal to the total amount added x 100 divided by the amount of drug trapped. The unentrapped drug
must first be separated using a suitable method (such as centrifugation) in order to calculate the entrapment
efficiency. The liquid supernatant is collected after the resulting solution has been separated. The
supernatant is collected, diluted as instructed, and then calculated using an appropriate method described in
the drug's monograph.

The yield and entrapment efficiency (EE) of spanlastics are influenced by the physicochemical properties
of a drug and its production method. The formulation procedure and the addition of tweens, which lessen
the leakiness of the spanlastics, have an impact on the aqueous phase's entrapment efficacy, the quantity of
double layers, the size and distribution of vesicles, and the permeability of vesicle membranes. A net charge,
either positive or negative, can improve the double layer's capacity to absorb water during this process.
More uncharged vesicles of loaded hydrophilic molecules are produced as a result of this hydration, and
these are probably present both inside the bilayer and at the center of the aggregated formations.

ii. Size, Shape and Morphology(28,29):

Transmission Electron Microscopy (TEM): TEM is used to assess spanlastics’ dimensions, form, and
lamellarity. In short, enough 1% phosphotungstic acid is combined with a prepared solution. Following
thorough drying, a drop of the resulting was applied to a carbon-coated grid, draining off any excess. The
grid was then examined and pictures were taken under the appropriate magnification under a TEM (Philips
TEM).

iii. Drug entrapment, drug kind, and surfactant type were found to influence the size and shape of spanlastics
using freeze-fracture microscopy (30). To measure their size, vesicles are frequently freeze-thawed and then
inspected using a freeze-fractured electron microscope. Usually, liquid propane is used to cryofix the
vesicular solution at low pressures (10_2 Pa); glycol can be employed as a cryoprotectant. The cryofixed
vesicles shatter at a specific angle. After that, carbon or platinum vapors are used to shade the resultant
surface at a 45° angle. The carbon coating used in this procedure strengthens the manufactured copy.
Following cleaning, TEM is used to view and examine the replica.

iv. Measurement of elasticity (31,32)

Using this technique, vesicles were extruded using a polycarbonate filter with 50 nm-wide holes under
constant pressure. The process made use of a 200 ml barrel and a stainless steel pressure holder fitted with
a 25 mm filter. The vesicular size of the extruded suspension was affected by the durations prior to and
following the extrusion operation. The formulation's adaptability shows that SP can squeeze itself and pass
through the mucous membrane, which is an intriguing need for this type of vesicle.

v. Technique for Optical Microscopy (33).

This method is also applied to size and shape observation. The particle size is determined using almost 100
spanlastics. Using this method, the size of the formulation is estimated by recording the size of the stage
micrometer that coincides with the eyepiece micrometer. These days, the size distribution, mean surface
diameter, and mass distribution of spanlastics are determined using a laser beam-based masterizer. The size
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distribution, mean diameter, and zeta potential are also determined by dynamic light scattering (DLS)

analysis utilizing a Malvern zeta sizer.
vi. Study of In-vitro Release (34)

The dialysis membrane method is typically employed in this study. This technique involves putting a tiny
quantity of spanlastics inside a dialysis bag and tying them at both ends. The dialysis bag is placed in a
second beaker with appropriate dissolving medium that is kept at 37 °C and agitated with a magnetic stirrer.
At certain intervals, a sample solution is removed from the beaker and replaced with brand-new dissolving
medium. The samples were examined to determine the drug concentration at a given wavelength as stated
in the relevant monograph for that specific drug.

APPLICATIONS :
1.Therapy of gene:

A more modern approach, gene therapy, is highly effective, but delivery issues limit its practical
applicability. To alter the formulations, the nano-vesicular method is presently being researched and tried.
One excellent example is DNA encoding (35).

2. Peptides and proteins:

Although peptides and proteins such as bacitracin and insulin have strong therapeutic effects, their clinical
uses are limited because of their low bioavailability and instability during and after delivery. It is now
evident that the best way to get around this problem is to employ the nano-vesicular system.

Additionally, these formulations aid in the spread of vaccines (36).

Oral administration of 9-deglycinamide 8-arginine vasopressin (DGAVP), which was investigated 9, is one
efficient peptide or protein delivery method. Improved bioavailability was found in the in-vitro investigation
used to evaluate the vesicular formulation with the drug solution.

3. Immunizations:

Despite the fact that vaccines are an effective treatment for a variety of diseases, their use is restricted due
to worries about their efficacy and safety. To help stop this degradation, non-ionic nanovesicles based on
non-ionic surfactants can be developed (37).

4. Chemical Medication: Due to their various benefits, nano-vesicles are increasingly being used in the
pharmaceutical industry as carriers for chemical therapies. Because these vesicles have a hydrophilic interior
and a hydrophobic exterior, it is simple to load the appropriate chemicals onto them. These vesicles can also
be employed as a co-delivery method because it is easy to load two distinct types of medications into them
to achieve the intended therapeutic effects. From the standpoint of formulation, these vesicles have a number
of advantageous qualities, including low toxicity, biocompatibility, biodegradability, high stability, cost,
and ease of storage.

5. OCCURRING DELIVERY [41, 42]

Because of the many pre-corneal and corneal barriers, the ocular drug delivery system faces several
difficulties that limit ocular bioavailability. A unique type of vesicular carrier known as spanlastics is used
to deliver site-specific medications. distribution strategies for drugs intended for the anterior portion of the
eye, which contains the corneal membrane and watery humor, and the posterior portion, which contains the
choroid, vitreous cavity, and epithelium. Apart from lipophilic Hydrophilic drugs can be administered to
the eyes. elastic-banded tissues.
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6. DELIVERY BY ORAL MEANS [43,44,45]

Despite the fact that oral pharmaceutical delivery is the most widely used technique, a number of factors,
including poor solubility, frequent dosage, medication interactions, irregular absorption, first-pass
metabolism, and unpleasant systemic reactions, can affect a drug's bioavailability. A new vesicular system
based on surfactants was created in order to overcome the difficulties involved in the delivery of oral
medications. For instance, encapsulating sodium pravastatin in spanlastic dispersions coated in enteric
allows for precise distribution and controlled release. to the abdomen. It improved the drug's oral
bioavailability when compared to an aqueous pharmaceutical solution.

7. DELIVERY OF TRANSDERMAL [46,47]

The transdermal Spanlastics are utilized for giving medication. It has many benefits, including preventing
hepatic metabolism, improving the material's bioavailability, and improving the effectiveness of medication.
Transdermal application is a method of drug delivery that produces a continuous release of the drug.

8.NASAL DELIVERY [48,49]

The intranasal pathway is one method that goes directly from the nasal cavity to the central nervous system.
Trigeminal route after crossing the blood-brain barrier crossing the area known as the olfactory barrier
(BBB). One method of getting medicine is by crossing the blood-brain barrier and entering the brain to
accomplish a specific goal. spanlastic dispersion is the mode of action.

[50,51] TOPICAL DELIVERY

The spanlastic system is used to supply drugs for topical skin therapy conditions such fungal infections and
inflammation, among others.

10. PROTEIN DELIVERY AND PEPTIDES [52,53,54]

Due to their fragile nature and low bioavailability both during injection and after storage, proteins and
peptides like insulin and bacitracin have substantial therapeutic potential but few real-world applications.
To avoid The nano-vesicular system has proven to be a better solution for this problem. Furthermore, these
formulae also facilitate the process of immunization. examined the pharmacokinetic properties of the insulin
formulation in nanovesicles, for example, by administering them orally to diabetic rats.

11. Miscellaneous: It was demonstrated that the efficacy of multiple dosages of sodium stibogluconate nano-
vesicles in preventing spleen, liver, and bone marrow parasites was noticeably greater than that of the
sodium stibogluconate solution (39, 40).

REFERENCES :

1. Jadhav SM, Morey P, Karpe MM et al. Novel vesicular system: an over-view. J Appl Pharm Sci 2012;
2:193-202.

2. Badria, F.; Mazyed, E. Formulation of Nanospanlastics as a Promising Approach for Improving the
Topical Delivery of a Natural Leukotriene Inhibitor (3- Acetyl-11-Keto-B-Boswellic Acid): Statistical
Optimization, in vitro Characterization, and ex vivo Permeation Study. Drug Des. Dev. Ther. 2020, 14,
3697. [CrossRef]

3. Al-Mahallawi, A.M.; Khowessah, O.M.; Shoukri, R.A. Enhanced non invasive trans-tympanic delivery
of ciprofloxacin through encapsulation into nano-spanlastic vesicles: Fabrication, in-vitro
characterization, and comparative ex-vivo permeation studies.Int. J. Pharm. 2017, 522, 157-164.
[CrossRef]

4. Kakkar, S.; Kaur, I.P. Spanlastics—A novel Nano vesicular carrier system for ocular delivery. Int. J.
Pharm. 2011, 413, 202-210. [CrossRef]

IJSDR2509019 | International Journal of Scientific Development and Research (IJSDR) www.ijsdr.org | al28



ISSN:2455-2631 September 2025 IJSDR | Volume 10 Issue 9
5. Al-Mahallawi, A.M.; Khowessah, O.M.; Shoukri, R.A. Enhanced non invasive trans-tympanic delivery

of ciprofloxacin through encapsulation into nano-spanlastic vesicles: Fabrication, in-vitro
characterization, and comparative ex-vivo permeation studies.Int. J. Pharm. 2017, 522, 157-164.
[CrossRef]

6. Zheng, W.-S.; Fang, X.-Q.; Wang, L.-1.; Zhang, Y .-J. Preparation and quality assessment of itraconazole
transfersomes. Int. J. Pharm. 2012, 436, 291-298. [CrossRef] [PubMed]

7. Badria, F.; Mazyed, E. Formulation of Nanospanlastics as a Promising Approach for Improving the
Topical Delivery of a Natural Leukotriene Inhibitor (3- Acetyl-11-Keto-B-Boswellic Acid): Statistical
Optimization, in vitro Characterization, and ex vivo Permeation Study. Drug Des. Dev. Ther. 2020, 14,
3697. [CrossRef]

8. Badria, F.; Fayed, H.A.; lIbraheem, A.K.; Mazyed, E.A. Formulation of Sodium Valproate
Nanospanlastics as a Promising Approach For Drug Repurposing in the Treatment of Androgenic
Alopecia. Pharmaceutics 2020, 12, 866. [CrossRef] [PubMed]

9. Mosallam S, Albash R, Abdelbari MA. Advanced Vesicular Systems For Antifungal Drug Delivery.
AAPS Pharm Sci Tech, 2022; 23: 1-11.

10. Gayatri Devi S, Venkatesh P and Udupa N: Niosomal sumatriptan succinate for nasal administration.
Int Journal of Pharmaceutical Science 2000; 62: 479-81.

11. Vindhya V.S, Krishnananda amath.k., Sandeep Kumar Jain and Shabaraya A.R, Spanlastics: A Modern
Formulation Approach in Drug Delivery 2023,10(4), 96-102.

12. VS V, Kamath K, Jain SK, AR S. SPANLASTICS: A MODERN FORMULATION APPROACH IN
DRUG DELIVERY.

13. Diljyot K. Niosomes: a new approach to targeted drug delivery. Int J Pharm Phytopharm Res. 2012;
2:53-9.

14. Sahil singh, Manpreet Kaur Walia, Pryanka, Anuradha Kumari:Spanlastic advanced approach as
nanovesicular drug delivery system.2023;ISSN: 2455-2631.

15. Sallam N, Sanad R, Khafagy E S, Mahgoub A, Ghourab M, Gad Shaded. Colloidal Delivery of Drugs
Present Strategies and Conditions. Rec Pharm Biomed Sci, 2021; 5(3): 40-51.

16. Gupta RK and Relyveld EH: Adjuvants - A balance between toxicity and adjuvanticity. Vaccine, 1993,
11: 293- 06.

17. Malhotra M and Jain NK: Niosomes as Drug Carriers. Indian Drugs, 1994; 31: 81-6.

18. Elsaied EH, Dawaba HM, Ibrahim ESA, Afouna MI. Effect of pegylated edge activator on span 60
based- nanovesicles: comparison between Myrj 52 and Myrj 59. Univers. J. Pharm. Res. 2019;4(4):1e8.

19. Gaafar PME, Abdallah OY, Farid RM, Abdelkader H. Prep aration, characterization and evaluation of
novel elastic nanosized niosomes (ethoniosomes) for ocular delivery of prednisolone. J Liposome Res
2014;24(3):204e15.

20. Farghaly DA, Aboelwafa AA, Hamza MY, Mohamed MI. Topical Delivery Of Fenoprofen Calcium
Via Elastic Nano-Vesicular Spanlastics: Optimization Using Experimental Design And In Vivo
Evaluation. AAPS Pharm Sci Tech, 2017; 8:1-6.

21. Gaafar PME, Abdallah OY, Farid RM, Abdelkader H. Preparation, characterization and evaluation of
novel elastic nanosized niosomes (ethoniosomes) for ocular delivery of prednisolone. J Liposome Res
2014;24(3):204e15.

22. Alisagar S, Tushar KV, Mansoor MA. Nanocarriers for sys temic and mucosal vaccine delivery. Recent
Pat Drug Delivery Formulation 2007;1(1):1e91.

23. Lee VH, Robinson JR. Enzymatic Barriers to Peptide and Protein Absorption. Crit Rev Ther Drug
Carrier Syst 1998; 5(2):69e97. PMID: 3052875.

24. Kaur IP, Rana C, Singh M, Bhushan S, Singh H, Kakkar S. Development And Evaluation Of Novel
Surfactant-Based Elastic Vesicular System For Ocular Delivery Of Fluconazole. J Ocular Pharma Ther,
2012; 1-13.

25. Khadka P, Ro J and Kim H: Pharmaceutical particle technologies: An approach to improve drug
solubility, dissolution and bioavailability. Asian Journal of Pharmaceutical Science, 2014; 9: 304-16.

IJSDR2509019 | International Journal of Scientific Development and Research (IJSDR) www.ijsdr.org | al29



ISSN:2455-2631 September 2025 IJSDR | Volume 10 Issue 9
26. Parboosing R, Maguire GEM, Govender P and Kruger HG: Nanotechnology and the Treatment of HIV

Infection. Viruses, 2012; 4: 488-20.

27. Trotta M, Peira E and Debernardi M: Elastic liposomes for skin delivery of dipotassium glycyrrhizinate.
International Journal of Pharmaceutics 2002; 241: 319-27.

28. Tayel SA, El-Nabarawi MA, Tadros MI and Abd-Elsalam WH: Duodenum-triggered delivery of
pravastatin sodium via enteric surface-coated nanovesicular spanlastic dispersions: Development,
characterization and pharmaco kinetic assessments. International Journal of Pharmaceutics 2015; 483:
77-88.

29. US Suma, S Parthiban and Kumar GPS: Formulation and evaluation of niosomal gel for transdermal
delivery of lamivudine. World Journalof Pharmaceutical Research 2016; 5: 1332-42.

30. . Balakrishnan P, Shanmugam S, Lee WS, Lee WM, Kim JO, Oh DH, Kim DD, Kim JS, Yoo BK, Choi
HG, Woo JS and Yong CS: Formulation and in-vitro assessment of minoxidil niosomes for enhanced
skin delivery. International Journal of Pharmaceutics 2009; 377: 1-8.

31. El Meshad AN, Mohsen AM. Enhanced corneal permeation and antimycotic activity of itraconazole
against Candida albicans via a novel nanosystem vesicle. Drug Deliv 2016; 23(7):2115e23.

32. Sallam NM, Abdel R, Sanad B, Ahmed MM, Khafagy EL, Ghorab M, Gad S. Impact of The
Mucoadhesive Lyophilized Wafer Loaded with Novel Carvedilol NanoSpanlastics On Biochemical
Markers in The Heart of Spontaneously Hy pertensive Rat Models. Drug Deliv. And Transl. Res 2020:
1e30. Cevc G and Blume G: Lipid vesicles penetrate into intact skin owing to the transdermal osmotic
gradients and hydration force. BBA - Biomembranes 1992; 1104: 226 32.

33. Spangler RS: Insulin administration via liposomes. Diabetes Care 1990; 13: 911-22. 42. SipaiAltafBhai
M, Vandana D, Mamatha Y and Prasanth V: Liposomes: An overview. Journal of Pharmaceutical
Science & Innovations 2012; 1: 13-21.

34. Bangham AD: Properties and uses of lipid vesicles: an overview. Annals of the New York Academy of
Sciences 1978; 308: 2-7.

35. Popovska O, Simonovska J, Kavrakovski Z and Rafajlovsk V: An overview: methods for preparation
and characterization of liposomes as drug delivery systems. International Journal of Pharmaceuticals &
Phytopharmacologyical Research, 2013; 3: 182-9.

36. Ali M M, Shoukri RA, Yousry C. Thin film hydration versus modified spraying technique to fabricate
intranasal spanlastic nanovasicles for rosagiline mesylate brain delivery: characterization, statistical
optimization and in-vivo pharmacokinetic evaluation. Drug Deliv Trans Res, 2022; 1-16.

37. Manosroi A, Jantrawut P, Khositsuntiwong N, Manosroi W, Manosroi J. Novel Elastic Nanovesicles
For Cosmeceutical and Pharmaceutical Applications. Chiang Mai J, Sci, 2009; 36(2): 168-78.

38. Pick Ul: Liposomes with a large trapping capacity prepared by freezing and thawing of sonicated
phospholipid mixtures. Archives of Biochemistry and Biophysics, 1981; 212: 186-94.

39. Huang Z, Li X, Zhang T, Song Y, She Z and Li J: Progress involving new techniques for liposome
preparation. Asian Journal of Pharmaceutical Science, 2014; 9: 176-82.

40. Park SJ, Choi SG, Davaa E and Park JS: Encapsulation enhancement and stabilization of insulin in
cationic liposomes. International Journal of Pharmaceutics, 2011; 415: 267-72.

41. Lian T, Ho RJY. Trends and developments in liposome drug delivery systems. J Pharm Sci 2001; 90:
667 680. Crossref. PubMed. ISI.

42. Sharma A, Shilpa Pahwa S, Savita Bhati S, P Kudeshia . Formulation and Evaluation of Dorzolamide
Spanlastics. Int J Pharm Sci Res, 2020;11(8): 3930-35.

43. Cortesi R, Argnani R, Esposito E, et al. Cationic liposomes as potential carrier for ocular administration
of peptides with anti-herpetic activity. Int J Pharm 2006; 317: 90-100. Crossref. PubMed.

44. Gregoriadis G, Florence AT. Liposomes in drug delivery. Clin, Diagn Ophthalmic Potential Drugs
1993;45:15-28.

45. Gregoriadis G. Fate of injected liposomes: observations on entrapped solute retention, vesicle clearance
and tissue distribution in vitro. In:Gregoriadis G, editor. Liposomes as drug carriers: recent trends and
progress. New York: Plenum Press; 1988. p. 3-18.

IJSDR2509019 | International Journal of Scientific Development and Research (IJSDR) www.ijsdr.org | al30



ISSN:2455-2631 September 2025 IJSDR | Volume 10 Issue 9
46. Badr Eldin S M, Aldawsari H M, Alhakamy N A, Fahmy U A, Ahmed O A A, Neamatallah T, Tima S,

Almaghrabi R H, Alkudsi F M, Alamoudi A Aetal. Merging Experimental Design and Nanotechnology
for The Development of Optimized Simvastatin Spanlastics: A Promising Combined Strategy for
Augmenting the Suppression of Various Human Cancer Cells. Pharmaceutics, 2022; 14(1024): 1-10

47. Lund W. in Pharmaceutical codex. 1994; Pharmaceutical press: London. p. 134-159. Rolland A.
Particulate carriers in dermal and transdermal drug delivery: myth or reality, in Pharmaceutical
Particulate Carriers: Therapeutic applications., Hadgraft J. Editor. Marcel Dekker: New York. 1993; 367-
421.

48. Barry BW. Lipid-Protein-Partitioning theory of skin penetration enhancement: J Control Release 1991;
15(3): 237-248.

49. Fahmya AM, El-Setouhyada, Ahmed B, lbrahim, Basant A. Habiba Etal. Penetration Enhancer-
Containing Spanlastics (Pecss) For Transdermal Delivery of Haloperidol: In Vitro Characterization,Ex
Vivo Permeation and In Vivo Biodistribution Studies. Drug Delivery, 2018; 25(1): 12-22.

50. Hinchcliffe, M.; Illum, L. Adv. Drug Del. Rev., 1999, 35(2-3), 199-234.

51. Hussain, A.A. Adv. Drug Del. Rev., 1998, 29(1-2), 39-49.

52. Abdelmonema R, Nabarawib M, Attiaa A.Development of Novel Bioadhesive Granisetron
Hydrochloride Spanlastic Gel and Insert for Brain Targeting and Study Their Effects on Rats Drug
Delivery, 2018; 25(1): 70-77.

53. Elhabaka M, Ibrahimb S Samar M. Abouelatta. Topical Delivery Of L-Ascorbic Acid Spanlastics For
Stability Enhancement and Treatment of UVB Induced Damaged Skin. Drug Delivery, 2021; 28(1):
445-53.

54. Gupta P.N., Mishra V., Ranat A., Dubey P., Mahor S., Jain S., Chatterji D.P. andVyas S.P., Non-invasive
vaccine delivery in transfersomes, niosomes and liposomes: A comparative study, Int. J.Pharm., 2005;
293: 73-82

IJSDR2509019 | International Journal of Scientific Development and Research (IJSDR) www.ijsdr.org | al31l



