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Abstract:Vesicular drug delivery system has various advantages thereby improving therapeutic efficacy and by
sustaining and controlling action of drugs. Liposomes, sphingosomes, ethosomes, cubosomes, pharmacasomes,
niosomes, transferosomes are the newly developed vesicular drug delivery system. This review article mainly deals
with the sphingosomal drug delivery system. Sphingosomes are vesicular drug delivery systems in which an aqueous
volume is enclosed with sphingolipid bilayer membranes. Sphingosomes has an enhanced area of interest because of
their applicability in improving the in vivo delivery of various chemotherapeutic agents, biological macromolecules
and diagnostics. Sphingosome has major advantages over other vesicular drug delivery systems like high stability,
more in vivo circulation time, high tumor loading efficacy in case of cancer therapy as compared to liposomes,
niosomes etc. Sphingosomes are clinically used vesicular delivery system for chemotherapeutic agent, biological
macromolecule and diagnostics. This review concluded that sphingosome represents a promising vesicular drug
delivery system for a range of possible therapeutic applications.
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I. Introduction

Now day’s novel drug delivery systems is the new system Recent advances in the understanding of
pharmacokinetic & pharmacodynamics behavior of drug have offer a more rational approach to the development of
optimal drug delivery system. The novel drug delivery systems (NDDS) are the carriers which maintain the drug
concentration in therapeutic range for longer extended of time. An ideally designed drug delivery system delivers a
specified amount of drug to focus on a particular site at an appropriate time and rate as dictated or desired by the
etiological and physiological needs of the body. Conventional drug delivery systems are incapable of controlling the
rate of drug delivery to target site. Due to which the distribution of drug to non-target tissue and body fluids required
therapeutic doses that could far exceed the amount required in target cells, the higher dose of drugs can cause
adverse effects during treatment thus, the novel drug delivery systems (NDDS) maintains the drug concentration in
therapeutic range for longer period of time and also, in addition, may deliver the content to the site of action if so
desired as per requirements [,

The biological effects of a drug in the patients depend on the pharmacological properties of thedrug. These
effects arise because of the interaction between the drug and receptors at the site of action of the drug. However, the
efficacy of this drug-target interaction stands undermined unless the drug is delivered to its site of action at such
amount and rate that causes the minimum side effects and maximum therapeutic effects 2. Targeted drug delivery
aims to achieve the same.

Targeted drug delivery is the smart drug delivery in which the method of treatment that involves the
increase in quantity of medicament in one or few body parts in comparison to others. Therefore, it delivers the
medication only to areas of interest within the body. This offers an improved efficacy of treatment and also reduces
side effects 1. The ideal goal of targeted drug delivery is to optimize therapeutic index of the drug by localizing its
activity at the site or organ of action . Drugs can be targeted to specific organs B, systems, cells or even specific
intracellular organelles ! or molecules 1.

The vesicular systems are highly ordered assemblies of one or more concentric lipid bilayer formed, when
amphiphillic building blocks are comes in contact with water. Vesicular drug delivery systems can carry both
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hydrophilic and lipophilic drugs. They improve the bioavailability of poorly soluble drugs, delay elimination of
rapidly metabolizable drugs and prolong the existence of drugs in the systemic circulation. A wide number of
vesicular drug delivery systems such as liposomes, sphingosomes, pharmacosomes, niosomes, ethosomes,
virosomes, transferosomes etc., were developed [& 91,

Liposomes are the phospholipid bilayered vesicles have gained much importance as potential drug carrier
systems in targeted drug delivery 1% The major limitations of liposomes as drug delivery vehicles are rapid
clearance from blood, restricted control of encapsulated molecule release, low drug loading, physical and chemical
instability, and large-scale sterile preparation. Many of these problems have been addressed during the past two
decades of research. Liposomal formulations containing sphingolipids are more propitious than the phospholipid
liposomes as they have ability of improving the efficacy, circulation time, encapsulation efficiency, resistant to
oxidation, hydrolysis, and increased stability towards acids and flexible to couple with site specific ligand to achieve
active targeting [*Yl. Now a day’s sphingolipids have been used for preparing stable liposomes, which are called as
sphingosomes!*?,

Vesicular drug delivery is classified on the basis of their composition 31,
They are of two types:

1. Lipoidalbiocarriers
2. Non lipoidalbiocarriers

Lipoidalbiocarriers Non lipoidalbiocarriers
1. Liposomes 1. Niosomes
2. Emulsosomes 2. Bilosomes
3. Ethosomes 3. Aquasomes
4. Sphingosomes
5. Transferosomes
6. Pharmacosomes
7. Virosomes

Tablel: Examples of Lipodialbiocarrier and Non-lipodialbiocarrier.
1. Sphingosomes

Liposomes are having certain issues related with their stability including oxidation, hydrolysis, degradation,
leaching, sedimentation, drug aggregation, and so forth. Therefore, to improve their stability the researchers have led
us to the development of Sphingosomes** 11, They are a concentric, bilayered vesicle which consist of an aqueous
core is enclosed within a membranous lipid bilayer mainly composed of natural or synthetic sphingolipid.
Sphingosomes consist of sphingolipid and cholesterol, an interior aqueous environment having pH less than that of
exterior 161, Sphingosomes are the important targeted lipid vesicular drug delivery system. Sphingosomes contains
membranous lipid bilayer that encloses an aqueous space inside where the drug can be enclosed (Figure 1).
Sphingosomes overcome the disadvantages of liposomes & niosomes because of its high stability to acid hydrolysis
and have improved drug retention properties. There are several route through which sphingosomes can be
administered into the body like parentral, inhalation oral, trasdermal route etc. Sphingosomes consist of sphingolipid
which is mainly made of amide and ester linkage 171
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Figure 1: Cross section view of sphingosomes

Sphingosomes is more stable than the liposome because of the following reason:
1) Sphingolipid made up of only amide and ether linkage which are more resistant to hydrolysis than ester
linkage of lecithin.
2) They also consist of smaller amount of double bonds than lecithin and thus less subjected to rancidity.
3) Sphingosomesalso absorb smaller amount oil than lecithin that in consequence change in geometry and
diameter.

Advantages [28I:

1) Sphingosomes have better characteristic like drug retension.

2) They can be administered by subcutaneous, intravenous, intramuscular, oral and transdermal routes of drug
administration and so forth.

3) They provide selective passive targeting to tumor tissue in cancer patients.

4) Sphingosomes increase efficacy and therapeutic index of the entrapped drug.

5) Sphingosomes are having increased stability.

6) Reduced toxicity of the encapsulated drug.

7) Sphingosomes improve pharmacokinetics of the entrapped drug simply by increasing the circulation time.

8) Structure of sphingosomes is so flexible to allow coupling with site specific ligands to achieve active
targeting.

Disadvantages:
l. Sphingosomes are not economic, because sphingolipids are expensive
Il. Sphingosomes have poor percentage entrapment.

Classification[*%l:

Sphingosomes are classified on the basis of number of lipid bilayer formed and the size of vesicle. The typical mean
diameter of sphingosomes was found to be 0.05-0.45p. Most desirable diameter range was 0.05-0.21.

Small unilamellar vesicles (SUV)

Large unilamellar vesicles (LUV)

Multilamellar vesicles (MLV)

Oligolamellar vesicles (OLV)

Multivesicular vesicles (MVV)

Vesicles above 1um are called as Giant vesicles (GV).

VVYVYVYVY

Composition Of Sphingosomes:
Sphingosomes consist of sphingolipid (sphingomyelin) and cholesterol at acidic intraliposomal pH ratio of
sphingomyelin and cholesterol in the varying range of 75/25mol%/mol% (55/45 mol%/mol% most preferably) (261,
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Sphingolipids:

Sphingolipid is a major constituent in the class of phospholipids. Sphingolipids are one of the cell components and
has a hydrophobic body to which a polar head was joined (Figure 2). Sphingolipids synthesized from acyl-coA and
serine and then it is converted in to ceramides, other lipids and other species 2,

R = H is ceramide
R = phosphocholine is sphingomyelin OH
R = sugars is glycosphingolipids

Figure 2: General structure of sphingolipid

Cholesterol:

Cholesterol is another component of sphingosomes which is used in the production of sphingosomes. By
incorporation of sterol there was major change has been brought in the preparation of sphingosomal bilayer
membrane. In sphingosomes the cholesterol:sphingolipid is incorporated in the ratio 1:1 / 2:1. Due to which the
increased separation between choline groups and normal electrostatic and H, bond interactions are eliminated.

I11.  Methods of Preparations of Sphingosomes

1)Lipid Flim Formation (Hand Shaking Method):

Sphingolipids, Surfactant/cholesterol, lipophilic drug mixed together and dissolved in an organic solvent which has
taken in round bottom flask. The organic solvent was removed by using a rotary flim evaporator under reduced
pressure. Then the dried film is hydrated with aqueous phase at 50-60°C. As a result of hydration dried lipid layer
swells & detaches from the inner side of round bottom flask and forms multi lamellar sphingosomal vesicles 24,

2) Solvent Spherule Method:

In solvent spherules method, the sphingolipids are dissolved in a volatile hydrophilic solvent which is then dispersed
in to an aqueous solution. When the volatile hydrophilic organic solvent is evaporated in water bath under controlled
conditions multi lamellar vesicles are formed [?21,

3)Calcium Induced Fusion Method:

In calcium induced fusion, formation of multilamellar vesicles results, when calcium added get fused with SUV
sphingosomes. Then on addition of EDTA large unilamellar vesicles sphingosomes can be formed from
multilamellar sphingosome vesicles. This method is used for encapsulation macromolecules %31,

4) French Pressure Cell Method:

French pressure cell method is more useful method for producing more stable unilamellar or
oligolamellarsphingosomes when compared to sonicated vesicles. This technique is carried out under very high
pressure by using a French press 241,
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IV.  Transport Mechanism Of Sphingosomes %
Following mechanism for the transportation of sphingosomes:

» Stable adsorption: Stable adsorption consists of the association of vesicles with the cell surface. These kind
of process mediated by non-specific electrostatic, hydrophobic or other forces or component presents at the
vesicles or cell surface.

» Endocytosis: Endocytosis involves the uptake of intact vesicles in to endocytotic vesicles and result,
presumably in their delivery to the lysosomal apparatus.

» Fusion: Fusion is the simple merging of vesicles bilayer with the plasma membrane bilayer, with
components release of vesicle content in to the cytoplasmic space.

» Lipid exchange: In lipid exchange, transfer of individual lipid molecular between vesicles and the cell
surface without the cell association of aqueous of aqueous vesicle content.

V.  Characterization Of Sphingosomes [26-30I;

1) Vesicular characterization: Used for measuring important vesicular characters like particle size, shape and zeta
potential.

2) Transition Temperature: For evaluating transition temperature of bilayer vesicles differential scanning
calorimetry is used.

3) Penetration Study: The mainly used method for penetration study is Confocal laser scanning microscopy
(CLSM).

4) Vesicle Stability: The vesicular stability depends on the parameters like structure and shape. Changes in shape
and structure can be viewed through transmission electron microscopy (TEM).

5) Entrapment Efficiency: Ultracentrifugation technique can be used for measuring entrapment efficiency.

6) Sphingolipid Cholesterol Interaction: Differential scanning calorimetry and P31 NM can be used.

7) Permeation Study: Franz diffusion cell can be used for diffusion studies, by incorporating sphingosomes with gel
permeation study can be done.

8) Surface Tension Activity Measurement: The ring method is for used determination of surface tension in a Du
Nouy ring tensiometer can be used.

9) Drug Content: Ultra violet spectrophotometry and High performance liquid chromatography can be used for
measuring the drug content.

VI.  Therapeutic Applications of Sphingosomes B1-341;

Table 2 summaries about the formulations and its applications.

Formulation ‘ Application

Cancer therapy

Vincristine (vincristine sulphate liposome injection) | Non-Hodgkins lymphoma

Vincristine in combination with Rituximab Large B-cell lymphoma

VinorelbineNavelbine® single or in Non-small cell lung cancer, metastatic breast cancer
combination with cisplatin.

Alocrest (vinorelbine tartrate liposome injection) Non-small cell lung cancer, breast cancer
TopotecanHyacamtin® Relapsed small-cell lung cancer, relapsed ovarian cancer.

Drug vehicles

Prostaglandins, amphoterecin B, methotrexate, | Proliferative disease, immune disease, infectious disease,

cisplatin, vincristine, vinblastine, vascular disease, rheumatoid disease and inflammatory
doxorubicin, Camphothecin, ciprofloxacin, | disease.

progesterone.

Cosmetic
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Beclomethasone Skin / Dermal therapy

SPHINGOSOMES™ MOIST skin cleansing and make-up removal efficiency
Ocular drug delivery

Idoxuridine | acute and chronic herpetic keratitis

Enzyme Delivery

Streptokinase, Urokinase

Treatment of malnutrition

Antifugal therapy

Sphingosine and sphinganine, free sphingolipids of | Treating infectious disease
the stratum corneum

Gene therapy

sphingosine 1-phosphate analogs

radiation-induced lung injury (RILI)

Immunology

Ceramides, sphingosine 1-phosphate

Regulation of immune response

Table 2: Therapeutic applications of sphingosomes

VII. Conclusion

Sphingosomes because of its improved drug loading capacity, high stability, targeting to specific organs and
tissues, its release and because of its most compatible nature and safe to the host cells is considered as most effective
novel vesicular drug delivery system. There is a great potential in utilizing these sphingosomes in biotechnology,
medicine and pharmaceutical technology, however these techniques are not effectively applied for the development
of drug delivery systems. They may be considered as efficient vesicular drug delivery systems due to improved drug
loading, stability, release and targeting to specific tissue or organ. Hence they have great potential in the design of
novel vesicular targeted drug delivery systems.
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