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Abstract

Self-emulsifying drug delivery systems (SEDDSSs) en@ained exposure for their ability to
increase solubility and bioavailability of poorlglable drugs. Self-emulsifying drug delivery
systems (SEDDS) are mixtures of oils, surfactaams, cosurfactants, which are emulsified in
agueous media under conditions of gentle stirring digestive motility that would be
encountered in the gastrointestinal tract. We foilvad SEDDS could efficiently improve oral
absorption of the sparingly soluble drugs by rapélf-emulsification and subsequently
dispersion in the absorption sites.
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I ntroduction

In recent years, the formulation of poorly solubtenpounds presented interesting challenges
for formulation scientists in the pharmaceuticalustry. Upto 40% of new chemical entities
discovered by the pharmaceutical industry are gaswluble or lipophillic compounds, which
leads to poor oral bioavailability, high intra amder subject variability and lack of dose
proportionality. To overcome these problems, vaidermulations strategies are exploited
including the use of surfactant, lipid permeatiarh&ncers, micronisation, salt formation,
cyclodextrins, nanoparticles and solid dispersidtscently much attention has been paid to
lipid based formulations with particular emphasis self emulsifying drug delivery system
(SEDDS), to improve the oral bioavailability of diphillic drugs [1]. However, conventional
SEDDS, which are mostly prepared in a liquid fomd arally administered in soft or hard
gelatin capsules, can make some disadvantages asudhigh production costs, low drug
incompatibility and stability, drug leakage and qyp&ation, capsule-ageing [2] Then
incorporation of liquid SEDDS into a solid dosagani is compelling and desirable.
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Recently, a new drug delivery technologies solid>BE (S-SEDDS) which combine the
advantages of SEDDS and those of solid dosage fdrave been investigated. [2]

SEDDS or self-emulsifying oil formulations (SEOPE aefined as isotropic mixtures of
natural or synthetic oils, solid or liquid surfauts or alternatively, one or more hydrophilic
solvents and co-solvents/surfactants. [3-8]

Advantages of SEDDS over Conventional DDS (1)

1. Upon mild agitation followed by dilution in aqueousedia, such as gastrointestinal
(GI) fluids, these system can form fine oil in wage/w) emulsion or microemulsion
(S(M)EDDS).Fine oil droplets would pass rapidly weidlistribution of the drug
throught the stomach and promote wide distributbrthe drug throughout the Gl
tract, thereby minimizing the irritation frequengycountered during extended contact
between bulk drug substance and the gut wall.

2. Emulsion are sensitive and metastable dispersethsfowhile S(M)EDDS are
physically stable formulation that are easy to nfacture.

3. As compared with oily solutions, they provide agkinterfacial area for partitioning
of the drug between oil and water.

4. Potential advantages of these systems include eatlaaral bioavailability, more
consistent temporal profiles of drug absorptionecese drug targeting toward a
specific absorption window in the GI tract, and glrprotection from the hostile
environment in the gut.

Thus for lipophillic drug compounds that exhibitssolution rate limited absorption, these
system may offer an improvement in the rate an@rgxof absorption and result in more
reproducible blood time profiles. [8]

Composition of SEDDSs
The self-emulsifying process is depends on: [9]
1.The nature of the oil-surfactant pair
2.The surfactant concentration
3. The temperature at which self-emulsificationursc

Qils. Oils can solubilize the lipophilic drug in a spécibmount. It is the most important
excipient because it can facilitate self-emulstima and increase the fraction of lipophilic
drug transported via the intestinal lymphatic systéhereby increasing absorption from the
Gl tract. [11] Long-chain triglyceride and mediuinain triglyceride oils with different
degrees of saturation have been used in the desig@EDDSs. Modified or hydrolyzed
vegetable oils have contributed widely to the sasag SEDDSs owing to their formulation
and physiological advantages [10]. Novel semisyithmedium-chain triglyceride oils have
surfactant properties and are widely replacing#dgellar medium- chain triglyceride . [11]

Surfactant. Nonionic surfactants with high hydrophilic—lipopbibalance (HLB) values are
used in formulation of SEDDSs (e.g., Tween, Lalbdsabrafac CM 10, Cremophore, etc.).
The usual surfactant strength ranges between 30+¥60£6f the formulation in order to form
a stable SEDDS. Surfactants have a high HLB anddpyudlicity, which assists the immediate
formation of o/w droplets and/or rapid spreadingtled formulation in the aqueous media.
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Surfactants are amphiphilic in nature and they desolve or solubilize relatively high
amounts of hydrophobic drug compounds. This cangmeprecipitation of the drug within
the Gl lumen and for prolonged existence of drudgeades . [12]

Cosolvents. Cosolvents like diehylene glycol monoethyle efftienscutol), propylene glycol,
polyethylene glycol, polyoxyethylene, propylene brmarate, tetrahydrofurfuryl alcohol
polyethylene glycol ether (Glycofurol), etc., mayelh to dissolve large amounts of
hydrophilic surfactants or the hydrophobic drughe lipid base. These solvents sometimes
play the role of the cosurfactant in the microesiaul systems.

Formulation of SEDDSs

With a large variety of liquid or waxy excipientssailable, ranging from oils through
biological lipids, hydrophobic and hydrophilic sacfants, to water-soluble cosolvents, there
are many different combinations that could be fdatad for encapsulation in hard or soft
gelatin or mixtures which disperse to give finelaolal emulsions [13] . The following
should be considered in the formulation of a SEDDS

The solubility of the drug in different oil, surfiants and cosolvents. The selection of oll,
surfactant and cosolvent based on the solubilitthefdrug and the preparation of the phase
diagram .[14] The preparation of SEDDS formulatmndissolving the drug in a mix of ail,
surfactant and cosolvent. The addition of a dru@tS8EDDS is critical because the drug
interferes with the self-emulsification processatgertain extent, which leads to a change in
the optimal oil-surfactant ratio. So, the desigmofoptimal SEDDS requires preformulation-
solubility and phase-diagram studies. In the cdsgralonged SEDDS, formulation is made
by adding the polymer or gelling agent [15]

M echanism of self-emulsification
. According to Reiss, self-emulsification occurs whbe entropy change that favors
dispersion is greater than the energy requiredntoease the surface area of the
dispersion. The free energy of the conventional Isiomi is a direct function of the
energy required to create a new surface betweeniltad water phases and can be
described by the equation:

DG=SN,pr 2s

Where, DG is the free energy associated with tbegss (ignoring the free energy of mixing),
N is the number of droplets of radius r and s regmés the interfacial energy. The two phases
of emulsion tend to separate with time to redueeititerfacial area, and subsequently, the
emulsion is stabilized by emulsifying agents, whichm a monolayer of emulsion droplets,
and hence reduces the interfacial energy, as wellp@viding a barrier to prevent
coalescence[16]
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Characterization of SEDDSs

The primary means of self-emulsification assessmgentsual evaluation. The efficiency of
self-emulsification could be estimated by determgnihe rate of emulsification, droplet-size
distribution and turbidity measurements.

Visual assessment. This may provide important information about thedf-semulsifying and
microemulsifying property of the mixture and abthé resulting dispersion. [17-19]

Turbidity Measurement. This is to identify efficient self-emulsificationybestablishing
whether the dispersion reaches equilibrium rapaahigl in a reproducible time.

Droplet Size. This is a crucial factor in self-emulsification flgmance because it determines
the rate and extent of drug release as well astilglity of the emulsion. [12, 20] Photon
correlation spectroscopy, microscopic techniquea Q@oulter Nanosizer are mainly used for
the determination of the emulsion droplet size, PI,22] The reduction of the droplet size to
values below 5@m leads to the formation of SMEDDSSs, which arelstabotropic and clear
o/w dispersions. [12]

Zeta potential measurement. This is used to identify the charge of the dropleis
conventional SEDDSSs, the charge on an oil drogletegative due to presence of free fatty
acids.[3] Determination of emulsification time. BSemulsification time, dispersibility,
appearance and flowability was observed and scacedrding to techniques described in H.
Shen et al. used for the grading of formulations.

Biopharmaceutical aspects[10]

The ability of lipids and/or food to enhance theavailability of poorly water-soluble drugs
has been comprehensively reviewed and the interestaler is directed to these references
for further details [23, 24]. Although incompletainderstood, the currently accepted view is
that lipids may enhance bioavailability via a numbfkepotential mechanisms including [25]

a) Alterations (reduction) in gastric transit, thereddgwing delivery to the absorption site and
increasing the time available for dissolution.

b) Increases in effective lumenal drug solubility. Theesence of lipids in the GI tract
stimulates an increase in the secretion of biless@S) and endogenous biliary lipids
including phospholipid (PL) and cholesterol (CH3adling to the formation of BS/PL/CH
intestinal mixed micelles and an increase in thkikslsation capacity of the Gl tract.
However, intercalation of administered (exogenodisds into these BS structures either
directly (if sufficiently polar), or secondary tagestion, leads to swelling of the micellar
structures and a further increase in solubilisatiapacity.[25]

c) Stimulation of intestinal lymphatic transportorFhighly lipophilic drugs, lipids may
enhance the extent of lymphatic transport and aszebioavailability directly, or indirectly
via a reduction in first-pass metabolism.[26, 23], 2

d) Changes in the biochemical barrier functionhaf Gl tract. It is clear that certain lipids and
surfactants may attenuate the activity of intesteflux transporters, as indicated by the p
glycoprotein efflux pump, and may also reduce tkiemt of enterocyte-based metabolism
[29,30,31]
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e) Changes in the physical barrier function of @letract. Various combinations of lipids,

lipid digestion products and surfactants have b&eown to have permeability enhancing
properties. For the most part, however, passivestiimal permeability is not thought to be a
major barrier to the bioavailability of the majgriof poorly water-soluble, and in particular,
lipophillic drugs.

Application of SEDDS

1. Supersaturable SEDDS (S-SEDDY)

The high surfactant level typically present in SED@rmulations can lead to Gl side-effects
and a new class of supersaturable formulation$jdimg supersaturable SEDDS (S-SEDDS)
formulations, have been designed and developecdace the surfactant side-effects and
achieve rapid absorption of poorly soluble drug2-33]. The S-SEDDS approach is to
generate a protracted supersaturated solutioneofdtbg when the formulation is released
from an appropriate dosage form into an aqueousumedSurpersaturation is intended to
increase the thermodynamic activity to the drugoelyits solubility limit and, therefore, to
result in an increased driving force for transtbiand across the biological barrier [34] eg. A
supersaturable self-emulsifying drug delivery sys{&-SEDDS) of paclitaxel was developed
employing HPMC as a precipitation inhibitor witlt@anventional SEDDS formulation.

eg. A poorly soluble drug, PNU-91325, was formulads a super saturable SEDDS.

It is worth emphasizing that the significantly redd amount of surfactant used in the S-
SEDDS formulation approach provides a better toyxisafety profile than the conventional
SEDDS formulations. [35-38]

2. Solid SEDDS

SEDDS are normally prepared as liquid dosage fotimag can be administrated in soft
gelatine capsules, which have some disadvantagesially in the manufacturing process.
An alternative method is the incorporation of liduself-emulsifying ingredients into a
powder in order to create a solid dosage form établcapsules). A pellet formulation of
progesterone in SEDDS has been prepared by theegwoaf extrusion/spheronization to
provide a goodhn vitro drug release (100% within 30 min, T50% at 13 m89}[

3. SEDDSfor TCM

Silybin, the principal component ofGarduus marianus extract, is known to be very effective
in protecting liver cellsfrom harmful effects caused by smoking, drinkingemvorking,
environmental contaminants, stress or liver-dangigs. However, the bioavailability of
orally administeredilybin is very low due to its low solubility in wer. Woo et al. discloses
an oral microemulsion consisting ofCarduus marianus extract containing a major amount of
silybin, or a silybin derivative as an active indjent. Thecomposition of the invention
consists of Miglyol 812 anethyl linoleate as oils, HCO 50 and Tween 20 afastant,
dimethyl isosorbide as co-surfactant and /Becopherol agn anti-oxidant. The formulation
provides a greatly increased levelinfvivo bioavailability of silybin, the level being at l¢as
4-fold higher than that achievable by conventidoahulations [40]
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Recent approachesin SEDDS

1.

2.

SEDDS of co-enzyme Q10 was prepared resultedharesed bioavailability and
reduced toxicity. [41]

Lipophillic compound WIN 54954 was formulated asDEES in triglyceride oil/
non-ionic surfactant mixtures and resulted in inweb reproducibility of the
plasma profile in terms of Cmax and Tmax. [42]

Self-microemulsifying drug delivery system (SMEDD®f simavastin was
developed to enhanced its oral bioavailability.sT&iudy illustrated the potential
use of SMEDDS for the delivery of hydrophobic compds.[43]

A novel SEDDS of Paclitaxel (used for the treatmeftsolid tumors) was
prepared anf found that SEDDS was chemically sté&ireat least 1 year when
kept as two part formulation and also the drug ilbgdwas increased by
approximately 5fold compared to marketed iv forniola the excipient presented
a significantly reduced cytotoxicity and led totalde microemulsion.[44]

An antimalarial drug Halofantrine was prepared &BS and SMEDDS and
resulted in 8 fold improvement in absolute oralavailability relative to previous
data of the solid. [45]

Enhanced bioavailability upto 1.88 of silymarin bglf microemulsifying drug
delivery system.[46]

Using SEDDS self nanoemulsified drug delivery sys(&8NEDDS) of ubiquinone
was prepared and study revealed that SNEDDS overdbm drawbacks of the
traditional emulsified system such as low solupiind irreversible precipitation
of the active drug in the vehicle with time. [47]

The two novel SMEDDS containing Labras ol with dr#nt dilutrions on tight
junction was studied and found that Labrasol witnaentration of 0.1 and 1 %
was shown to increase the permeability of manritpl4.6 fold and 33.8 fold
respectively.[48]

The solid self emulsifying system was used in tekvdry of diclofenac and result
indicated that diclofenac could be comfortably auistered in the form of self-
emulsifying tablets using goat fat and Tween 65iatimes. [49]

10. SEDDS containing Ketoprofen was formulated as sustirelease dosage form

and found that drug released was increased. [50]

Conclusion

Self-emulsifying drug delivery systems are a prongsapproach for the formulation of drug
compounds with poor aqueous solubility. The ordivdey of hydrophobic drugs can be made
possible by SEDDSs, which have been shown to sty improve oral bioavailability.
With future development of this technology, SEDD®8l continue to enable novel
applications in drug delivery and solve problemsoagted with the delivery of poorly
soluble drugs.

References

[1] Jing-LT; Jin S; Zhong-GHCurrent Drug Therapy, 2007, 2, 85-93.

Scholar Research Library 65



N Mishra et al Der Pharmacia Lettre 2009, 1 (2) 60-67

[2] Jin S; Zhiyuan W; Yongjun W, Xiaohong L; Yinghua 2honggui H. Shenyang
Liaoning Province. Gershanik T; Benita Buropean Journal of Biopharmaceutics,
2000, 50, 179-88.

[3] Gursoy RN; Benita Biomedical Pharmacotherapy, 2004, 58, 173-182.

[4] Gershanik T; Benita Szuropean Journal of Biopharmaceutics, 2000, 50, 179-88.

[5] Shah NH; Carvajal MT; Patel CI; Infeld MH; Malick\V&. International Journal of
Pharmaceutics, 1994, 106, 15-23.

[6] Craig DQM; Lievens HSR; Pitt KG; Storey DEnternational Journal of
Pharmaceutics, 1993, 96, 147-55.

[7] Charman SA; Charman WN; Rogge MC; Wilson TD; DuikoPouton CWPharm
Res, 1992, 9, 87-93.

[8] Gursoy RN; Benita Biomedicine and Pharmacotherapy , 2004, 58 ,173-182.

[9] Constantinides PRPharm Res. ,1995,12,1561-1572.

[10] Khoo SM International Journal of Pharmaceutics, 1998, 167, 155-164.

[11] Shah NHinternational Journal of Pharmaceutics, 1994, 106, 15-23.

[12] Crison JR; Amidon GL. US Patent No. 5,993,858, @l@3ued November 30)

[13] Farah N; Laforet JP;Denis J.Presented by GattefBsdéented Technology at the

AAPS Annual Meeting in San Diegt994.

[14] Nazzal S; Khan MAInternational Journal of Pharmaceutics, 2006 , 315, 110-121.

[15] Constantinides PRPharm. Res, 1995,12, 1561-72.

[16] Craig DQM International Journal of Pharmaceutics, 1995, 114, 103-110.

[17] Gursoy N Journal of Pharmaceutical Sciences,20D32420-2427.

[18] Gershanik T; Benita Bharmaceutical Develpoment Technology, 1996, 1, 147-157.

[19] Tarr BD; Yalkowsky SHPharm. Res, 1989, 6, 40—-43.

[20] Charman SAPharma. Res., 1992, 9, 87 — 93.

[21] Holm R; Jensen IHM; Sonnergaard. Drug Development and Industrial

Pharmacy,2006, 32, 1025 —-1032.

[22] Humberstone AJ; Charman WNMdvance Drug Development Review, 1997, 25,

103-28.

[23] Charman WN; Porter CJ; Mithani S; Dressman J8urnal of Pharmaceutical

sciences, 1997, 86, 269-282.

[24] Porter CJ; Charman Whdvance Drug Devel opment Review,2001 50,127-147.

[25] Porter CJH; Charman WMdvance Drug Devel opment Review, 1997, 25, 71-89.

[26] Porter CJH; Charman Whdvance Drug Devel opment Review, 2001, 50, 61-80.

[27] Muranishi S Advance Drug Development Review, 1991, 21, 1-38.

[28] Benet L.Advance Drug Development Review, 2001, 50, S3-S11.

[29] Dintaman JM; Silverman JA2harm Res, 1999, 16,1550-1560.

[30] Nerurkar MM; Burton PS; Borchardt RPharm Res, 1996, 13, 528-34.

[31] Poelma FG; Breas R; Tukker JJ; Crommelin DQdurnal Pharmaceutical

Pharmacol, 1991, 43, 317-24.

[32] Gao P; Rush BD; Pfund W¥urnal of Pharmaceutical Sciences, 2003, 92, 2386-

2398.

[33] Gao P; Guyton ME; Huang T; Bauer JM; Stefanski Ku;Q. Drug Devel opment

Industrial Pharmacy,2004, 30, 221-9.
[34] Gao P; Rush BD; Pfund WBournal of Pharmaceuitical Sciences, 2003, 92, 2386-
2398.

Scholar Research Library 66



N Mishra et al Der Pharmacia Lettre 2009, 1 (2) 60-67

[35] Raghavan SL; Kiepfer B; Davis AF; Kazarian SG; HadigJ. International Journal
of Pharmaceutics, 2001,19,95-105.

[36] Pellet MA; Castellamo S; Hadgraft J; Davis Aleurnal of Controlled Release,
1997, 46, 205-214.

[37] Hasegawa A; Taguchi M; Suzuki R; Miyata T; NakagaW/aSugimoto I.Chem
Pharmceutical Bulletin, 1988, 36, 4941-4950.

[38] Tuleu C; Newton M; Rose Journal Pharmceutical Sciences, 2004,93,1495-1502.
[39] Woo JS, Suh HJ. Patent. No. 0 101 961.

[40] Kommuru TR; Gurley B; Khan MA ; I. K. Reddy IKnternational Journal of
Pharmaceutics, 2001, 212 , 233-246.

[41] Charman SA; Charman WN; Rogge MC; Wilson TD; Dutkd ; Pouton CW.
Pharmaceutical-Research,1992,9,87-93.

[42] Kang BK; Lee JS; Chon SK; Jeong SY; Yuk SH; Kiars; Lee HB; Cho
SH. International Journal of Pharmaceutics, 2004, 274, 65-73.

[43] Gursoy N ; Garrigue JS Razafindratsita A ; LamberG, Benita S. Journal of
Pharmaceutical Sciences, 2003,92,2411-2418.

[44] Khoo SM; Humberstone AJ; Christopher JH; Glenn N#ljiam NC. International
Journal of Pharmaceutics, 1998,167,155-164.

[45] Wei W; Yang W; Li Q.European Journal of Pharmaceutics and Biopharmaceutics,
2006, 63, 288-294.

[46] Nazzal S; Smalyukh IlI; Lavrentovich OD; Khan MhAiternational Journal of
Pharmaceutics, 2002, 235, 247-265.

[47] Xianyi S; Guijun Y; Yunjuan W; Junchan L;Xiaoling. FEuropean Journal of
Pharmaceutical Sciences, 2005, 24, 477-486.

[48] Attama AA; Nzekwe IT; Nnamani PO, Adikwu MU; OnugO. International
Journal of Pharmaceutics, 2003, 262, 23-28.

[49] PatilP; Joshi P; Paradkar AAARSharmaceutical sciences,2004, 5, 43-50.

Scholar Research Library 67



