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ABSTRACT

The aim of the present study was to investigateptitential of ethosomal formulations for
transdermal delivery of indinavir sulphate froma&tbmes. All the system were characterized for
vesicle morphology, particle size and entrapmefitiehcy by Scanning Electron Microscopy ,
Transmission Electron Microscopy, Differential ligbcattering, centrifugation, elasticity and
turbidity respectively. The effect of differentnfialation variable on skin permeation of
Indinavir Sulphate was studied via synthetic semig@able membrane or skin of new born mice
by using diffusion cell. The selected system wecerporated into Carbopol934P gel and
evaluated for both drug permeation and mice skipoddion. The optimized ethosomal
formulation showed transdermal flux 25.01+0.3d/cnf/hr across rat skin as compared to
2.9810.2ug/cnf/hr for plane drug solution, 4.2820.54g/cnf/hr for hydroethanolic solution
and 9.740/21ug/cnf/hr for classical liposomes. The obtained flux wesrly 7.5 and 12.04
times higher than conventional liposomal formulatleearing indinavir sulphate and plain drug
solution Finally it was concluded from the studgtihethosomes can increase the transdermal
flux, prolong the release and present an attractivate for sustained delivery of Indinavir
Sulphate.

Key words: Ethosome, Transdermal Flux, Indinavir Sulphateansmission Electron
Microscopy

INTRODUCTION

In the past decades, topical delivery of drug byosomal formulation have evoked
considerable interest, it has been evident thditioaal; liposomes are of little or no value as
carrier for transdermal delivery of drug, becaussytdo not deeply penetrate skin but remains
confined to upper layer of the stratum corneum. Gwercome problem of poor skin
permeability Cave et al. [Hnd Touitou et al. [2] recently introduce two negsicular system

208

Scholar Research Library



Sheo Datta Maurya Der Pharmacia Lettre, 2010, 2(5): 208-220

transfersomes and ethosomes incorporated edgeatact{gurfactant) and penetration enhancer
(alcohols and polyols), respectively, to influetice properties of vesicles and stratum corneum

3].

Ethosomes are soft malleable vesicles composedlynainphospholipid, ethanol (relatively
high concentration) and water. These soft vesiclgsresents novel vesicular carrier for
enhanced delivery to/through skin. The size of &thoe vesicles can be modulated from tens of
microns to nanometre3his carrier presents interesting features comdlatith its ability to
permeate intact through the human skin due toigis tieformability [4]. The high concentration
of ethanol makes the ethosome unique, as ethatkoloiwn for, its disturbance of lipid bilayer
organization; therefore when integrated into aclesmembrane, it gives that vesicle the ability
to penetrate the stratum corneum. Also becausehaf thigh ethanol concentration, lipid
membrane is packed less tightly than conventioasicles, but has equivalent stability allowing
a more malleable structure and improves drug Oigtion ability in stratum corneum lipid.

Indinavir sulphate an approved by the FDA (Food &mdgs Administration) on March 13,
1996, for use in Combination (a dose of 8P orally every 8 hr) with other protease
inhibitors, nucleoside analogues or reverse tr@ptsse inhibitors and indicated for the
treatment of HIV-1 infection in adults and paed@tpatients. Indinavir is prescribed as a
sulphate salt due to superior gastrointestinalkslityi and absorption when compared with the
free base. Clinical experience with indinavir hasndnstrated that it has a relatively narrow
therapeutic window and is frequently associatedhwigphrotoxicity, which may manifest as a
syndrome of renal colic, tubulointerstitial nepisrior even acute renal failure. Prolonged use of
indinavir is associated with chronic elevationsémum creatinine [5-10].

The transdermal delivery system offers many adggntaver their corresponding oral,
injectables and inhaler systems, including (1)imprg the systemic bioavailability of drug by
avoiding first pass metabolism by liver (2) achrgyia controlled constant drug delivery profile.
Achieving controlled transdermal drug delivery gystof Indinavir Sulphate is challenging, as it
is a hydrophilic drug with a logP value less thah 0 herefore the study is focused to develop an
efficient ethosomal system that could be incorpatranto a suitable gel to be easily applied by
patients for constant and effective therapeuticeben[11- 12].

MATERIALS AND METHODS: [ 13-22]

Indinavir Sulphate was gift sample from Ranbaxy drabories, New Delhi, India. Soya lecithin
was purchased from Hi Media Ltd. Mumbai. Ethanoltivaol, Chloroform Fluroscein sodium,
Propylene glycol, was purchased from Central Drugid¢, New Delhi. Ethanol was procured
from Qualigens fine chemicals, Mumbai. All othereoficals were of analytical grade and
double distilled water used throughout the expenime

Method of preparation of vesicular formulation:

The ethosomal formulation was prepared accordirtheganethod reported by Touitou et al. the
ethosomal system prepared were composed of 2-6%ppbbpid, 10-40% ethanol, drug , 10%
propylene glycol and water to 100% w/w. phosphdlipirug and probe (Flurocein sodium) were
dissolved in ethanol/propylene glycol mixture, thixture was heated to 30 in a water bath.
The double distilled water heated t0°G0was added slowly in a fine stream, with constant
mixing (mechanical stirrer) at 700 rpm in a closedsel, .mixing was continued for additional 5
min. The system was kept at 30 °C throughout petigax. The final milky solution of
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ethosomes was left to cool at room temperature. grieparation was homogenised by using
sonicator for 15 min. Liposomes were prepared bip tiim method by dissolving the

phospholipids and cholesterol in minimum quantitgloroform: methanol mixture (3:1 v/v) in

a round bottom flask. The organic solvent was rezdowm a rotary evaporator under reduced
pressure to form a thin film on the wall of flagkinal trace of solvent was removed under
vacuum, overnight. The deposited lipid film was tatdd with aqueous solution of drug at 60
rpm for one hour at room temperature. The preparatias sonicated using sonicator for 15 min.

Table- 1: Batch Specification of Different Formulaton.

For. code | PL (%w/w)| Ethanol PPG CHOL FNa Drug
(Yow/v) (Yow/v) (Y%ow/w) (Y%ow/w) (Y%ow/w)
E-1 2.0 10 10 - 0.20 0.5
E-2 2.0 20 10 - 0.20 0.5
E-3 2.0 30 10 - 0.20 0.5
E-4 2.0 40 10 - 0.20 0.5
E-5 4.0 30 10 - 0.20 0.5
E-6 4.0 30 10 - 0.20 0.5
E-7 6.0 40 10 - 0.20 0.5
E-8 6.0 40 10 - 0.20 0.5
Liposome 6.0 - 10 0.20 0.20 0.5
HD - 30 10 - 0.20 0.5
Solution
PD - - 10 - 0.20 0.5
Solution
*HD solution- hydroethanolic solutiort PD solution- plane drug solution ~ *CHOL Chaiesl
*PL Phospholipid (Soyalecithin)  *PPG PropyleBiycol * FNa Fluroscein sodium  *ILibosome
*ZP zetapotential *P| Poly dispersity index *EE Entrapment efficiency

Vesicular characterization:

Ethosomes vesicles were visualized by using electnicroscope and transmission electron
microscope (AIIMS New Delhi), with an acceleratiagltage of 80 kV. A drop of ethosomal

sample was placed on to a carbon coated grid tee laahin film before the film dried on the

grid; it was negatively stained with 1% phosphosiitgacid (PTA). A drop of staining solution

was added on to the film and the excess of thetisalwas drained off with a filter paper. The

grid was allowed to air dried thoroughly and samples viewed in a transmission electron
microscope, which confirms the unilamellar and mfartieller three dimensional natures or
structure of phospholipids vesicles.
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Vesicle Size, Zeta Potential and Zeta Sizes Distubon Analysis:

The effect of phospholipids and ethanol concemnatn the size and distribution of ethosome
vesicles was investigated by using Malvern ZetasiZ€entre for Pharmaceutical
Nanotechnology, Pharmaceutics Dept. NIPER).

Drug Entrapment Efficiency:

Indinavir Sulphate entrapped within the ethosomesas westimated after removing the
unentrapped drug. The unentrapped drug was segdrata the ethosomes by subjecting the
dispersion to centrifugation in a cooling centréu@Remi Equipments, Mumbai) at 22000 rpm at
a temperature of 4°C for 30 minutes, where uponpiiiets of ethosomes and the supernatant
containing free drug were obtained. The ethosonlletpevere washed again with phosphate
buffer to remove any unentrapped drug by centriioga The combined supernatant was
analyzed for the drug content after suitable ddutivith phosphate buffer solution by measuring
absorbance at 265.5 nm using shimadzu 1700 UV rgpéctometer.

Encapsulation efficiency = (A1 — A2)*100/Al

Al- Amount of Indinavir Sulphate added initiall2- Amount of Indinavir Sulphate determined in
the filtrate by spectrophometrp1-A2 - Represents the amount of Indinavir Sulphate ené@pp
the formulation.

Vesicle Elasticity Measurement:

The elasticity of ethosomes vesicles were measbredextrusion method. The ethosomal
formulation were extruded through filter membram®ré size diameter- 100 nm), using a
stainless steel filter holder having 50 mm diamebsr applying a pressure of 2.5 bar. The
guantity of vesicle suspension, extruded in 5 n@awvas measured.

EI=(r/ 1p)?

Where, E- Elasticity of vesicleJ- Amount of suspension extruded in 5 minutgsandr,. are
vesicle size after extrusion and pore diameteiltef inembrane.

In-vitro drug permeation and skin drug deposition study:

In-vitro release of Indinavir Sulphate from ethosomal fdaetion was studied using locally
fabricated diffusion cell. The effective permeatiarea of the diffusion cell and receptor cell
volume was 1ch and 20 ml, respectively. The temperature was miaiedaat 37+1° C. The
receptor compartment contained 20 ml of phosphatiebsolution (pH-7.4) and was constantly
stirred by magnetic stirrer at 100 rpm. The synth&tmi-permeable membrane or the skin of the
new born mice was mounted between the donor angpt@c compartments. The ethosomal
formulation was applied to the membrane. Sampleewathdrawn through sample port of the
diffusion cell at predetermined time interval ov@&4 hours and analyzed by UV
spectrophotometer. The receptor phase was immadiegplenished with equal volume of
phosphate buffer solution of pH 7.4. Sink conditieas maintained throughout the experiment.
The second stage of-vitro release was employed to determine the amountugf dieposited on
the skin. The receptor content was completely resdoand replaced by 50% (v/v) ethanol in
distilled water and kept for further 12 hours famse condition as fan-vitro release study, and
then the absorbance of resulting solution was miedsspectrophotometrically for the amount of
drug deposited in the skin.
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Effect of Temperature on the Release of Drug from thosomes:

The temperature of the release medium may altevioesity of the ethosomal suspension. The
release studies were conducted for 2 hrs to finel blehavior of ethosome, at different
temperature (same asvitro drug release study).

Transdermal Flux:
The cumulative amount of drug permeated per umia avas plotted as a function of time and
steady state transdermal flux were calculated fifwgriinear portion of the curve.

Physical Stability of ethosomes

The physical stability of the Indinavir Sulphateanporated ethosome was determined for their
drug content at different storage temperature fom@nths. Sample of Indinavir Sulphate
ethosome (ET-8) was centrifuged at 22,000 rpm fomdnutes and pallet obtain was mixed with
10 ml of phosphate buffer solution of pH-7.4. Thethosome suspensions were stored at
different temperature i.e. refrigerated temperat@&’C), room temperature (28%2), body
temperature (3€) and 48C. Same day 1.0 ml of each sample from their differstorage
temperature was withdrawn and assayed spectropktically at 265.5 nm. The same quantity
of aliquot (0.5 ml of fresh phosphate buffer of pH4) was added to all samples. The same study
was performed for 3 months.

Statistical Analysis

The mean and standard deviation was calculatedrghiGPad Instat3.0. The statistical analysis
was carried out employing analysis of variance (AMQ by using the software PRISM (Graph
Pad) 5.0. Differences were considered statisticatjgificant at p <0.05.

RESULT AND DISCUSSION
Visualization by transmission electron microscopel acanning electron microscope showed

that ethosomes has a lamellar vesicular strucamd,this confirms the existence of vesicular
structure at higher concentration of ethanol (Feglu4).

= }L' o>
Flgure 1 Optlcal Mlcroscoplc photograph Flgure 2 Transm|SS|on Electron Mlcroscoplc of
ethosome loaded with Indinavir photograph of ethosomes loaded with

Sulphate Indinavir Sulphate
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Figure-3: Transmission Electron Microscopi€igure-4: Transmission Electron Microscopic
photograph of ethosomes loaded with photograph of ethosomes loaded with
Indinavir Sulphate Indinavir Sulphate

-’/

The effect of phospholipids and ethanol concemmatn the size distribution of ethosomes
vesicles was investigated, using Malvern ZetasiZee ethosomal formulation prepared with
40% alcohol and 1% PL showed an average vesiaee5d8.32 nm (Figure 5-8). In the ethanol
concentration range of 10% to 40% the size of lesitecreases with increase in ethanol
concentration. This indicates that at higher ethasemcentration the membrane thickness
reduced considerably, probably due to formatiora gfhase with interpenetrating hydrocarbon
chain that will lead to decrease in size of ethosorasicle on increasing concentration of
ethanol. Pl was determined as a measure of homsijer® formulation. Small value of
Polydipersity index (P1<0.3) indicate a homogengpogpulation of ethosome vesicles, while Pl
value>0.3 indicate high hetrogenesity. Zeta poa¢mtieasurement study supported by the above
hypothesis, as zeta potential tends to be moretimegas the concentration of alcohol increases
(Table 2).

Table-2:, Vesicle Size, Polydispersity Index, ZetBotential, Vesicle Elasticity and
Entrapment Efficiency of different formulation

S. | Formulation | Vesicle | Polydispersity Zeta Vesicle %Entrapment
No. code size(nm) index potential | elasticity (E) efficiency
1. E-1 674.89 0.112 -14.8 25.6x2.1 40.02+2.9
2. E-2 609.36 0.179 -19.8 29.4+2.3 42.11+2.§
3. E-3 599.13 0.326 -21.3 39.8+1.9 43.39+2.5
4. E-4 538.32 0.649 -22.0 38.6x2.2 43.06%2.9
5. E-5 614.33 0.324 -13.2 26.8+2.8 45.96+3.2
6. E-6 602.72 0.204 -16.4 22.4+2.5 45.79+2 .4
7. E-7 714.41 0.623 -13.8 25.313.1 47.21+3.1
8. E-8 790.98 0.486 -14.7 20.8+2.6 50.26+2.7
9. Liposome 820.45 0.345 -10.5 6.94+1.2 40.25+3.8
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Figure-7: Effect of ethanol concentration Figure- 8: Effect of ethanol concentration on
on the entrapment efficiency the size of vesicles

The entrapment efficiency of different vesicularnfoilation and in traditional liposomes was
calculated as percent total drug entrapped. Thategt entrapment of Indinavir Sulphate in
ethosomes (50.26+2.7) as compared to conventigoudmes (40.25+3.8) could be attributed to
the greater retentivity of Indinavir Sulphate imatol present in ethosomal core (Table 2). The
data indicate that entrapment efficiency dependgtbanol concentration, as the concentration
increases up to 30%, results in increase in eneapefficiency of ethosomal formulation. With
further increase in ethanol concentration entrapgnediiciency decreases, owing to increase
fluidity of membrane and vesicles become more pabigethat leads to decrease in entrapment
efficiency of ethosomal formulatior.he elasticity of ethosomal vesicle membrane (3835t
was found to be - 5.5 fold higher than liposom®4&2.1) (Table 2). Higher concentration of
ethanol present in ethosomes perhaps providedaithagd vesicle membrane by reducing the
interfacial tension of the vesicle membrane (Tdble-

The in-vitro release study suggested that the penetration eimigaaffect might be of greater
importance in enhance skin delivery of Indinavirlghate by ethosomal vesicles under non
occlusive condition, than intact vesicle permeatioto the stratum corneum (SC). Possible
interaction of vesicles with layers of SC, promgtimpaired barrier function of these layers to
the drug with less well packed intracellular stawetforms, and with subsequent increased in
skin partitioning of drug play a major role in ieased skin delivery of drug. For hydrophilic
drug penetration enhancing effect seems to playp@ mimportant role in enhanced skin delivery
than in case of lipophilic drug, since permeatidnhgdrophilic molecule tends to be more
enhanceble (Table-3).
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Table-3: Skin permeation profile of different formulation of Indinavir Sulphate calculated

from in-vitro drug release study through rat skin (after 24 hr).

Formulation % Indinavir Transdermal Regression Enhancement
code Sulphate flux coefficient (R ratio
permeated (ug%) (ug/cnf/hrs) (ER)
E-1 22.26+0.67 13.54+0.45 0.985 4.5
E-2 24.96+0.46 14.61+0.67 0.991 4.9
E-3 28.69+0.97 17.34+0.78 0.983 5.8
E-4 32.00+0.46 17.54+0.78 0.980 5.9
E-5 28.40+0.46 17.69+0.42 0.991 6.0
E-6 34.68+0.67 22.54+0.54 0.961 7.6
E-7 29.49+0.89 18.95+0.31 0.972 6.7
E-8 36.00+0.67 25.01+0.34 0.971 8.4
Liposome 17.50+0.89 9.700+0/21 0.968 3.2
HD Solution 8.950+0.48 4.280+0.54 0.978 1.4
PD Solution 5.800+0.69 2.980+0.21 0.966 -
S =t —m—E-2 E-3 —E-4
530 | ——E-5 E-6 E-7 E-8
500 - Liposome HD Solution PD Solution

450
400 -
350
300
250
200
150
100 -
50 -

Cumulative drug release from different
formulations

1C
Time/Hr

15 20

25

Figure-9: Comparative cumulative release of drug (g/cn?) different from formulations

Ethanol used in the preparation of ethosome islalkimewn penetration enhancer and increase
penetration of Indinavir Sulphate through skin wagygested of a synergistic mechanism
between ethanol vesicles and skin lipid. Ethosofeamulations contain ethanol in their
composition that interacts with lipid moleculestime polar head group regions, resulting in an
increased fluidity of the SC lipids. The high alobhontent is also expected to partial extract the
SC lipids. These processes are responsible foeasarg inter and intracellular permeability of

ethosomes.
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Figure-10: Proposed mechanism for penetration of mecule from ethosomal system across
the lipid domain of stratum corneum (Courtesy: Touitou et al.).

Propylene glycol used in formulation widely used aspenetration enhancer in topical
formulation, either alone or in combination witthet fatty acids. It will enhance solubility and
partitioning of drug in SC, and increase the flidP& and permeant across SC.

The release profile of ethosomes and liposomeslasen in figure 9 and it will clearly show
that the release rate of ethosomes was higherttteafiposomes. The higher drug releases of
ethosomes as compared to liposomes are becaudbaniok presents in ethosomes vesicles.
Ethanol imparts elasticity to vesicle membrane emltance rate of permeation of drug across SC
barrier and increase rate of permeation of Indin&ulphate from ethosomes. The percent of
Indinavir Sulphate deposited in skin from liposom@irmulation and from ethosomal
formulation was higher than the percent depositethfboth hydroethanolic solution and plane
drug solution (Figure 11). Results showed thathes doncentration of ethanol increases the
amount of percent drug deposited decreases. Thysbmaxplained with respect to the role of
ethanol in ethosome formulation, which favours phance the permeation of the hydrophilic
drug Indinavir Sulphate through stratum corneum dathonstrate that to permeate skin, the
drug must be released first. So the % IndinavirpBate deposited in skin was higher with
formulation E-land E-2 containing 10% and 20% ethamdicating that it need more time to
permeate through the skin layers; the fact thabsetimal formulation E-1 have lowest and E-4
have the highest permeation rate among the ethdgomaulation also clarify this (Table-3).
The data suggested that the value of transdermal depends on the ethanol concentration
(Figure 12). As the concentration of ethanol insesa transdermal flux of Indinavir Sulphate
increased. The flux of ethosome was 8.4 folds high&n that obtain from plane drug solution,
and 2.6 fold higher than liposomal formulation (TeaB).
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Figure-11: Percent Indinavir Sulphate deposited omice skin in-vitro after 12 hours of
extraction with 50% hydroalcoholic solution at 37C+0.5°C.

15 A

10

i
]

Transdermal flux (pg/cm2/hrs)
Q

Formulation code

Figure-12: Transdermal Flux of different formulation

The temperature of the release medium may altevideosity of the ethosomal suspension.
Generally the human body temperature i¥C3However in the clinical cases, such as fever, th
variation of temperature can change thevitro drug release behavior when ethosomes are
sensitive to the temperature (Table-4). The tentperaf the medium has no significant effects

on Indinavir Sulphate release from ethosomes inréinge 37C - 39C. This means that drug

release from the ethosomes in non-temperaturetsensi-vitro at body temperature. But with
increased temperature, the Indinavir Sulphate selgate increased. At elevated temperature
greater drug release from the system was obsettvaidmight be ascribed to the effect of on the
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gel to sol transition of lipid bilayer together tithe possible chemical degradation of the
phospholipids, leading to defect in the membranekipg which leads to increases the rate of
diffusion of drug from ethosomal system, which vattribute to increased release rate of drug
from ethosomes at elevated temperature.

S0

70 — 257

—_— 37C

— o0 — i}
‘?E 39°C
= 50 -~ —_— 50
= .
= a0 -
i
S 30 |
=
S 20 -

10

o}

0 20 40 G0 80 100 120 140
Time {min)

Figure-17: In-vitro release of Indinavir Sulphate from ethosome (ET-5) at 2%C, 37°C,
39°c, 50°C.

The stability studies was carried out by storingggbmal preparation at different temperature
i.e. refrigeration temperature (26, room temperature (28 + 2’C), body temperature (3Z +
1°C) and 48C + 1°C.The drug remains entrapped after 3 months abwsrstorage temperature
i.e. refrigeration temperature (26, room temperature (28 + 2C), body temperature (32 +
1°C) and 48C+ 1°C was found to be 91.72%, 67.75%, 8.84% and 6.8&iectively. The data
suggested that the refrigeration temperature wasidioto be most suitable for storage of
Indinavir Sulphate containing ethosomes. As seem fresult, leakage rate was slow and only
8.18% of total entrapped content was released sfteage for 90 days. The result of stability
studies at room temperature indicate that ethos@reestable for first 30 days and shows only
7.68% drug loss from total drug entrapped, afteat trapid loss of drug start. Where as
ethosomes stored at%&7+ 1°C and 48C + 1°C will show rapid loss of drug and after 90 days
only 8.84% and 6.81% of total drug remained entedpip formulation (Table 4). The stability
profile of Indinavir Sulphate loaded ethosomal fatation evaluated for substantial loss of drug
at various temperature suggested the storage ofethesomal formulation at refrigerated
temperature (2-8 °C), as at the elevated temperagteater drug loss from the system was
observed, that might be ascribed to the effectrofttee gel to sol transition of lipid bilayer
together with the possible chemical degradatiotihefphospholipids (increase in bond deformity
that cause breakage of bilayer structure of phdgptp leading to defect in the membrane
packing. Still a small amount of drug leaked outtbé ethosomal system at refrigerated
temperature also (8.18 %), because of hydrosoh#dtigre of Indinavir Sulphate.
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Table-4: Comparative Stability of ethosome contaimg Indinavir Sulphate at different
temperature after three months.

S. Time in % Drug % Drug % Drug % Drug
No months retained at 2- retained at retained at retained at 45C
8°C room temp. 37°C

1. 0 100.0 100.0 100.0 100.0

2. 1 98.00 92.32 78.50 68.45

3. 2 95.68 78.45 49.48 39.75

4. 3 91.72 69.75 8.840 6.810

CONCLUSION

Novel penetration enhancer, ethosomes were premareckessfully by mechanical-dispersion
method for prolonged as well as controlled releddadinavir Sulphate across SC. The prepared
formulation were characterized for various evolntioy parameters like vesicle size, entrapment
efficiencies, vesicles elasticitin-vitro drug deposition study and rate of transdermal flaross
stratum corneum and prepared formulation were eisoacterized foin-vitro release studies by
using cellophane membrane (semipermeable membrakie),of new born mice fom-vitro
study.

Fromin-vitro drug release studies, it is concluded that by gimgnthe ratio of PL and ethanol,
Indinavir Sulphate release can be controlled fpradonged period of time by reducing possible
side effects occurred during conventional therdfirosomes of different vesicle size and drug
content could be obtained by varying the ratio lofaRd ethanol.

Acknowledgement

The author is highly obliged to Ranbaxy Pvt. Ltcr Fproviding gift sample of Indinavir
Sulphate, Department of Pharmacy, IEC CET, Greldtada for providing best lab facilities
necessary for completition of research project.

REFERENCES

[1] G Ceve Adv. Drug Deli. Reviey2004 56,675-711.

[2] E Touitou; B Godin; C Weis®rug Deli. Researci200Q 50,406-415.

[3] BW Barry.Euro J. Pharma. Science2001, 14,101-114.

[4] E Touitou; N Dayan; F Levi-Schaffer; A PilipoponsKy Lipid Researchl998 8,113-114.
[5] RM Gulick; A Meibohm; D Havlir AIDS, 2003 17, 2345-2349.

[6] JB Kopp; KD Miller; JA MicanAnn. Intern. Med1997, 127,119-125.

[7] K Boubaker; P Sudre; F BallAIDS, 1998 12, F249-F254.

[8] JS Berns; RM Cohen; M Silvermafin. J. Kidney Diseas&997, 30, 558-560.

[9] A Vigano; G Rombola; DI Barbiano; G BelgioiossalDS 1998 12,954-955.

[10] EA Pereira; GA Micke; MFM Tavaresl. Braz. Chem. Societ®007, 17,251-256.

[11] G Ceve Adv. Drug Deli. Review2004 56, 675-711

[12] E Horwitz; S Pisanty; R Czerninski; M Helser; Eduli E Touitou.Oral Surgery Oral
Medicine Oral Pathology Radiology Endolod®99 87, 700-705.

[13] N Dayan; E TouitouBiomaterials 200Q 21, 1879-1885.

219

Scholar Research Library



Sheo Datta Maurya Der Pharmacia Lettre, 2010, 2(5): 208-220

[14] M Lodzki; B Godin; L Rakou; R Mechoulam; R Gallili Touitou.J. Cont. Releas003

93, 377-387.

[15] S Jain; RB Umamaheshwari; D Bhadra; NK J&md. J. Pharm. Sciencg2004 66(1), 72-
81.

[16] E Touitou; N Dayan; L Bergelson; B Godin; M Eliglz.Cont. Releas00Q 65, 403-418.

[17] S Jain; P Jain; NK Jailrug Dev. Ind. Pharmagy003 29, 1013-1026.

[18] MMA EI Sayed; OY Abdalah; VF Naggar; NM Khalafalaint. J. Pharmaceutic2007,

332, 1-16.

[19]1B Godin; E Touitou; E Rubinstein; A Athamna; M Athaa. J. Antimicrobial
Chemotherapy2005 55(6), 989-994.

[20] D Paolino; G Lucania; D Mardente; F Alhaique; M $teeJ. Cont. Releas€005 106, 99-
110.

[21] S Jain; AK Tiwary; B Sapra; NK JaiAAPS PharmaSciTecB007 12(21), E1-E9.

[22] Bendas ER; Tadros MARAPS PharmaSciTecRB007, 8(4), E1-ES8.

220

Scholar Research Library



