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ABSTRACT

The objective of this study was to investigategbeential of nanoemulgel for transdermal delivefgclosporine.
Different nanoemulsion components (oil, surfactamd cosurfactant) were selected on the basis labgiby

and emulsification ability. Pseudoternary phasediens were constructed using titration method goré out
the concentration range of components. Guar gum adtled as gel matrix to convert nanoemulsion into
nanoemulgel. Drug loaded nanoemulsions and nanamisulvere characterized for particle size, transiors
electron microscopy, viscosity, pH, rheology, spiazlity, drug contentjn vitro skin permeation using rat
abdominal skin and stability studies. Nanoemulggitaining 20% oleic acid as oil, 65% Tween 80, &nghscutol

P as surfactant cosurfactant mixture, 15% water, &#¥%g, and 0.5% Guar gum was concluded as optimized
formulation (BF5). The drug content of the optindzearmulation was found to be 99%. The flux value
through rat skin was found to E&078mg/cnf/h. The ex vivo permeation profile of optimized forkation was
compared with nanoemulsion and marketed formulatidanoemulgel showed significantly higher (P < .05
cumulative amount of drug permeated and flux alovith lower lag time and skin retention than markiete
formulation. Thus, the study substantiated thatoeamulgel formulation can be used as a feasibleraltive to
conventional formulations of cyclosporine with adead permeatiooharacteristics for transdermal application.

Keywords: Nanoemulsion; Emul-gel; Ternary Phase Diagram; 3darmal potential; Prolonged action

INTRODUCTION

The potent immunosuppressive agent, Cyclosporiigjds a neutral, lipophilic cyclic undecapeptidé.\V. 1203
Daltons), with very low water solubility [1]. CSAak been recommended for treatment of various lafidemune
related disorders of the skin such as psoriasigi@dermatitis and alopecia areata among othevseder, long-
term systemic administration of CSA causes seriadserse effects including renal dysfunction, chroni
nephrotoxicity and hypertension. The overwhelmiggtamic toxicity concerns have limited the use &ACn the
clinic [2].

Previous attempts by other investigators to del@&A topically have met with only limited succe3fie poor
topical delivery of CSA could be due to a numbefaators, including the high molecular weight of A8nd the
lack of a balanced partition coefficient (log P icd /water =2.92). These physicochemical propsntimke CSA a
very difficult and challenging drug model for tralesmal delivery [3, 4].

It is therefore desirable to develop a novel trensthl vehicle system that does not necessitatesbef chemical
enhancers to facilitate drug permeation throughsttie. One of the most promising techniques foragmwement of
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transdermal permeation of drug is the nanoemuldiorprior studies, nanoemulsion as carrier syste® lheen
exploited for transdermal delivery of various dr{igs6].

Nanoemulsions are thermodynamically stable, tranespaor translucent dispersion of two immiscibépuids, such
as oil and water stabilized by an interfacial fibfhsurfactant and cosurfactant molecules havingltioplet size of
less than 100 nm [7].

Many studies have shown that nanoemulsion formaratipossess improved transdermal and dermal deliver
properties in vitro, as well as in vivo. Nanoemaits have improved transdermal permeation of mang<over the
conventional topical formulations such as emulsiamsl gels. However, the low viscosity of nanoenaulsi
constrains its application in transdermal delivéng to cumbersome use [8].

In the past decade, scientists and industrial resees have taken increasing interests in the 6éjgharmaceutical
semisolid dosage forms especially nanoemulgelsnarily due to their homogenous behavior and jeke-|
consistency. Nanoemulgel, which also known as ¢thmétion of nanoemulsion based hydrogel is thetaafdof
nanoemulsion system into hydrogel matrix. Usudliydrogel encounter a limitation of unable to trams$gipophilic
drugs. Therefore, solubilization of lipophillic dyunto the oily phase of emulsion which later added gel base is
necessary to enhance limitation of hydrogel begiemoting better stability and drug release [9].

In the present work an attempt was made to enhdmecpermeation of CSA through the skin by incorfingathe
drug into an oil phase (drug carrier) and dispgrshis oil phase as nano sized globules into acue@l phase
using homogenizers for effective delivery of drhgough the skin.

MATERIALS AND METHODS

2.1 Materials

Cyclosporine was kindly supplied by PerkinElmer (ivam, MA, USA). Oleic acid, glycerol triacetateridcetin),
olive oil and diethylene glycol monoethyl ether giiscutol P), were purchased from E-Merck (Darmstadt
Germany). Polyoxy-35-castor oil (Cremophor EL) Twetd, Span20 and Tween 80 were purchased from Sigma
Aldrich (St. Louis, MO). All other chemicals useadthe study were of analytical reagent grade.

2.2 Methods

2.2.1 Solubility studies of Cyclosporine in differat components

The important parameter for screening of componierttse solubility of Cyclosporine (CSA) in oilsyréactants and
cosurfactants. The solubility of CSA in differerispsurfactants, and cosurfactants was determgadking excess
amount of CSA in 2 mL of each of the selected {llgacetin, oleic acid and olive oil), surfactarfeveen 20,
Tween 80, Span 20 and cremophore EL), and cosarfec{Transcutol P, PEG 200, PEG 400 and propybmsl)
in 5 mL capacity stoppered vials. The vials weratitmously stirred in an isothermal shaker for 48ifs at 37 +
0.5°C to attain equilibrium. The equilibrated sample=revcentrifuged at 5000 rpm for 10 min. The supamavas
filtered through 0.45um membrane filter. The coriion of CSA in each oils, surfactants, and ciastiants was
analyzed using High Performance Liquid chromatolgyap

2.2.2 Pseudoternary Phase Diagram Study

The phase diagram was developed using aqueous fitnasen method [10]. Oleic acid was used asdhehase,

Tween 80 and Transcutol P was selected as surfaaancosurfactant, respectively. Distilled waterswised as
an aqueous phase. Surfactants and cosurfactaptb Were mixed in different weight ratios (1:0, 1:hda2:1) to

determine the optimum ratio which can result in imasm nanoemulsion area. For each phase diagranandil
specific S« were mixed well in different ratios from 1:9 tdl9n different vials. The ratio of oil to surfactararied

as 1.9, 2:8, 3.7, 4.6, 5.5, 6:4, 7:3, 8:2, and The mixtures were titrated with the aqueous phase, visual

observations were made for transparent and edsikable oil-in-water (o/w) nanoemulsions. The plgsistate of
the true nanoemulsion was marked on a pseudotephase diagrams with one axis representing thecargughase,
and the other representing a mixture of surfacadtcosurfactant at fixed weight ratiog,(Satios).

2.2.3 Thermodynamic stability tests

Selected formulations were centrifuged at 3000 fpm25 min. Formulations which did not show any gha
separations were taken for the heating and coalymde. Six cycles between refrigerator tempera{dfe€C) and
45°C, with storage at each temperature for nottless 48 h, were undertaken. The formulations, iwkere found
to be stable at these temperatures, were subjéxtiedeze-thaw cycle test. Three freeze-thaw cyslese carried
out for the formulation between -21°C and 25°C. Tdrenulations that survived thermodynamic stabitégts were
carried out for characterization.
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2.2.4 Formulation of Cyclosporine loaded nanoemulsi

From each pseudoternary phase diagram construdifdrent formulas were selected from the nanoeionls
region. The preparation of CSA-loaded nanoemul§i8h w/w) was performed by dissolving CSA to mixie
oil, surfactant cosurfactant mixture with varyirgtio. An appropriate amount of agueous phase wdsdatb the
mixture in a drop wise manner and stirred for Stoimbtain CSA loaded nanoemulsion. The preparaddtations
were subjected to different thermodynamic stabikists.

2.2.5 Optimization of Nanoemulsion

2.2.5.1 Transmission electron microscopy (TEM)

The morphology and microstructure of drug loadedoeanulsion was studied using TEM (Morgagni 268D,SEl
USA) operating at 200 KV and of a 0.18 nm capalblpaint to point resolution. Nanoemulsion formutets were
diluted with water (1:10). A drop of nanoemulsion asv deposited on the holey film
grid, stained by 1% aqueous solution of phosphastig acid and observed after drying.

2.2.5.2 Micromeritics of Nanoemulsion

Globule size distribution and polydispersity ind®Dl) of the nanoemulsions was performed by Photorelation
spectroscopy (PCS) known as dynamic light scatjeusing a zeta-sizer 3000(Malvern Instruments, KialyUK).
Samples were prepared or diluted with dust-fremysure water and light scattering was measure2b&t at a
scattering angle of 90° [11].

2.2.5.3 Viscosity determination of Nanoemulsion
The viscosity of the formulations was determinethaut any dilution using Brookfield viscometer (Bkdield DV-
I+ Pro viscometer) at 25 + 0.5°C.

2.2.6 Formulation of Nanoemulgel

Nanoemulgel of CSA was formulated using guar gurb (@) selected as a gel matrix base. First, thenigd
guantity of guar gum was dispersed in purified wated kept for 24 hours for complete swelling. Ty phase
was obtained by mixing accurately weighed quanitgleic acid, tween 80, Transcutol P and CSA. dih@hase
was kept under stirring until the oil phase becormedear solution. The total amount of the oil ghasas
accurately weighed and was transferred slowly ® fdirmed gel. The stirring was continued at 1106 to
ensure the oil phase is dispersed into fine glabaled the drug is distributed uniformly througholg gel or
agueous phase. The addition of oil phase contai@fag is to be done very carefully since a smallntitya of oil

phase left over may vary the final dose of the fdation. The stirring is continued for 15 min tosere the
uniformity of the formulation.

2.2.7 Physical characterization of Nanoemulgel

The prepared nanoemulgels were characterized formadsurement, Viscosity measurements and rheologica
properties, consistency, spreadability, drug cantmtent uniformity)n vitro drug Diffusion studied,n vitro skin
permeation studies and stability studies.

2.2.7.1 Measurement of pH

The measurement of pH is essential for two reasone. is the pH of human skin ranges from 5-7 andhé
formulations pH is too acidic or too basic, it meguse damage to the skin or may cause severdidmita
Another reason is that extreme conditions of pH nuggrade the CSA. The CSA may undergo acid or
alkaline hydrolysis. The pH of the formulationwas measured with digital pH meter at a@mbi
temperature.

2.2.7.2 Viscosity measurements and rheological pregies

The viscosity of the emulgel was measured usingr@ield viscometer (Brookfield DV-II+ Pro viscortes)
with spindle 04. Since gel is a semi solid havinghbkr consistencies than common polymeric solutions
emulsions, a cone or plate setup is used ratherttrespindle setup for the measurement of visgoshe cone /
plate setup was connected to temperature conoliier bath to maintain the desired temperatdrsample of
around 200mg was placed on the plate and the sespraised to touch the rotatable probe. The taststarted
and viscosity of sample was measured at variousr stigesses.

2.2.7.3 Spreadability

The spreadability of nanoemulgels was determinednbgsuring the spreading diameter of nanoemulgeldssn
the two glass slides after 1 min. A weight of 350 af nanoemulgel was placed within a circle of did@n 1cm
which is marked initially on the glass slide ovdrigh another glass slide was placed. The incread@meter as a
result of weights added leading to spreading ofaged measured. It was calculated by using theviatig formula,
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m. 1
S=—
t (1)
Where S = spreadability; m = weight placed to tppar slides; | = length of upper slide and; t= titaken in
seconds.

2.2.7.4 Drug content

To a 200ml clean, dry volumetric flask approximat@g of nanoemulgel weighed and care was takemao t
the gel does not stick to the walls of the volumceflask. Around 120 ml of diluent was added and tlask was
shaken well to break the lumps of gel. The mixtwes sonicated for 50 min with occasional shakirtge $amples
were cooled to room temperature, was made up tedhene with diluent and mixed well to ensure timéfarmity.
The sample was filtered through 0.45um filter anaded into the HPLC for further analysis. The samplere
prepared in duplicate. The assays calculated by the formula:

sampl ﬂ'rea*st.and.wt*std il »sample dil - volume 1:mm}"]Jutencg;
stand area dilution W

tof gel 100 )

% Assay =

2.2.7.5Ex vivo skin permeation studies (Rat abdominal skin)

The rat abdominal skin was placed in supine pasitod the hair on the abdomen was trimmed off witho
damaging the skin. A superficidlcut was made at the bottom of the abdomen andkihenss cut slowly by
separating the skin from subcutaneous fat tisshe. skin was placed in physiological saline for abud5min.
Then the extra subcutaneous fat is removed wittefts. The skin was then placed on the diffusiohassembly,
where stratum corneum side was facing the donorpestment and dermal side was facing the receiver
compartment. The receptor compartment consist&0afiL phosphate buffer of pH 7.4 as receptor fagitated
at 100 rpm and maintained at 37 + 0.5° C throughlo&texperiments. The prepared formulation wasiegmnto
the membrane in donor compartment. An aliquot of Zmample was withdrawn at suitable time interval$( 1,
2, 3, 6,12, and 24 h), filtered through 0.45-unmhbeane filter and analyzed for drug content. CutingaCSA
permeated through the skin was calculated for éachulation.

2.2.7.6 Permeation data analysis

The cumulative amount of CSA permeated througlskiie per unit area was plotted as a function oktiior each
formulation. The rate of drug permeation (flux) atsteady state {J through skin
was determined from the slope of the linear portibplotted curve. The lag time (J) was determined by
extrapolating the linear portion of the cumulathraount permeated versus time curve to the abscissa.

2.2.8 Mathematical model fitting of various formulaions

The obtained release data were fit into varioustiinmodels to know which kinetic model will besit the
obtained drug release profile. The parameters fikéthe diffusion exponertk“ the release rate constant and
“R“ regression co-efficient were determined to knowrtlease mechanisms. The various kinetic modeld weee
Zero order, First order, Higuchi model and Peppadeh

2.2.9 Stability studies

The optimized nanoemulgel formulation was seledied stability studies. The formulation was packedoi
collapsible tubes and sealed. The stability studiere carried out for 30 days by maintaining stgbdonditions as
per ICH guidelines. Samples were withdrawn off 88y and were analyzed for the drug content ansepvative
content. The drug release and diffusion studiega&so carried out.

RESULTS AND DISCUSSION

3.1 Solubility studies of Cyclosporine in differenttomponents

The most important criterion for the screening xéigients (oils, surfactants, and cosurfactantshéssolubility of
poorly soluble drug. The solubility of CSA in van® oils, surfactants and cosurfactants were iryasti (Table 1).
Among the selected oils that were screened, CSAbiatl maximum solubility in the oleic acid (22.500.76
mg/mL) and oleic acid was selected as an oil ph@deic acid has been reported as a powerful peimira
enhancer for transdermal delivery, as it enhanbesfluidity of the intercellular lipid barriers bgleveloping
separate domains and induces highly permeable pgth{42].

Out of various surfactants and cosurfactants sexdkefiween 80 (6.19 +0.05mg/mL) and Transcutol B7E0.12
mg/mL) respectively, showed highest solubility c8&A Therefore, Tween80 and Transcutol P were ssdeat
surfactant and cosurfactant, respectively, forghase study. Moreover, tween 80 is a nonionic stafa which is
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non-toxic when compared with ionic surfactants &ad appropriate blend of low and high hydrophilophillic
balance (HLB=15), which can result in a stable mamalsion [13].

Table 1: Solubility of cyclosporine in oils, surfatants and co-surfactants

Components | Solubility mean (mg/ml) £S.D* Components | Solubility mean (mg/ml) £S.D*
Oleic acid 22.50 +0.76 Tween 80 6.19 + 0.05
Labrafac 5.32+0.05 Cremophore EL 1.21+0.22
Triacetin 1.34+0.12 Span 20 0.83 +0.12

Olive oil 12.87 £0.15 Transcutol 5.87 £0.12
Capmul MCM 3.56 £0.21 PEG 200 2.22+0.32
Soyabean oil 2.34 +0.11 PEG 400 2.56 +0.23
Tween 20 1.33+0.11 Propylene glycpl 1.28+£0.10

n= 3 Standard deviation

Table 2: Composition of selected nanoemulsion forntations

Formulation Components (%w/w)
code Oil | Tween 80: Transcutol (1:1) | Water
F1 10 75 15
F2 10 65 25
F3 10 55 35
F4 20 75 5
F5 20 65 15
F6 20 55 25
F7 30 65 5
F8 30 55 15

Table 3: Droplet Size, Polydispersity index, and \&cosity of the Nanoemulsion Formulations

Formulation | Droplet size (nm) PDI Viscosity (mPa.S)
code (Mean £ S.D.) (Meant S.D.)
F1 1242 +1.22 0.267 23.2+2.16
F2 1216 +2.37 0.301 20.1+1.39
F3 120.5 +1.36 0.279 18.9+1.61
F4 136.2 +3.21 0.225 28.6 £2.39
F5 135.6 +4.21 0.319 255+4.21
F6 133.2 +4.68 0.244 23.6 £3.12
F7 147.3 +5.26 0.195 35.6 £2.45
F8 146.6 +5.18 0.237 31.2+1.62

n= 3 Standard deviation

Table No 4: Physical characterization of CSA loadetlanoemulgel

Formulation code pH Viscosity (m.PaS)| SpreadabilitfgcmS?) | Drug Content (%)
BF1 6.7 +0.44 12156.3 +0.32 5.9 +0.66 97.340.3
BF2 6.4 +0.32 13145.6 £ 0.38 5.8+0.42 98.2 #0.6
BF3 6.3+0.84 13956.3 + 0.57 6.0+0.11 96.8 60.9
BF4 6.5+0.66 14454.8 + 0.43 6.0 +0.53 97.380.8
BF5 6.4 +0.43 15789.3 £ 0.86 5.9 + 0.58 99.5 20.6
BF6 6.3+0.32 15432.4 +0.31 5.7+0.15 98.7 80.4
BF7 6.4+0.78 16956.4 + 0.63 5.9 +0.39 97.6 40.2
BF8 6.5+0.65 15657.8 + 0.44 6.0 +0.53 97.980.3

n= 3 "Standard deviation

Table No 5: Permeation parameters of various nanoeafgel formulations

Formulation code | CADP (mg/cnd) | Drug Flux (mg/cné/h) | Lag time (h) | Drug retained (mg)
BF1 0.84 £ 0.05 0.051 +0.21 0.51+0.1p 1.36 £0.4
BF2 0.89+0.03 0.059 +0.16 0.49 +£0.238 1.19+0.13
BF3 0.95 £ 0.06 0.062 + 0.38 0.48 £0.36 0.94 £0.2
BF4 1.15+0.04 0.069 +0.42 0.46 £ 0.1 1.42 60.3
BF5 1.38 £ 0.03 0.078 +0.11 0.42 0.3 0.78 904
BF6 1.35+0.07 0.076 +0.23 0.45+0.29 1.26 0.2
BF7 1.29+0.04 0.058 + 0.34 0.51+0.48 1.21 80.3
BF8 1.26 £ 0.05 0.045 +0.49 0.55+0.18 1.15 50.6

n= 3 "Standard deviation
CADP: Cumulative amount of drug permeated
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Table No 6: Comparative permeation parameters of dierent formulations

Formulation code CADP (mg/cnd) | Drug Flux (mg/cne/h) | Lag time (h) | Drug retained (mg) | Eer | LAE
Drug Solution 0.84 +0.05 0.041+0.31 2.96+0.12 1.46+0.05 1 2.28
Plain drug gel 0.91+0.15 0.057 £0.26 279+0.23 129+0.13 116 1.46
Marketed formulation 1.12+0.21 0.062 +0.32 1+1®B 36 0.97+0.24 128 112
F5 1.51+0.08 0.079+0.12 146 +0.17 056+0.12 | 1.49| 0.12
BF5 1.38 +0.03 0.078 +0.11 0.42 £0.38 0.7890.2 | 1.39| 0.22

n= 3 "Standard deviation
Epen: Enhancement ratio; LAE: Local accumulation efficiency

Table No 7: Permeation kinetics of different formuhtions

Formulation code | Zero order | Peppas| Higuchi| First Order
BF1 0.9368 0.9844]  0.994Q 0.9863
BF2 0.9250 0.9837 0.9924 0.9767
BF3 0.9275 0.9821]  0.9925 0.9805
BF4 0.9355 0.9746| 0.9904 0.9835
BF5 0.9273 0.9711 0.9905 0.9802
BF6 0.9273 0.9757]  0.9907 0.9806
BF7 0.9316 0.9690 0.9900 0.9816
BF8 0.9293 0.9730]  0.9909 0.9807

Table No 8: Stability analysis data for formulationBF5

Formulation | Stability condition | Days | Drug content @) pH Transparency
0 100.01+ 0.5 6.54 + 0.4 +
15 97.99+ 0.2 6.61+0. +
BF5 25°C/60% RH 30 97.99+ 0.3 6.63+0.2 +
45 97.98+0.1 6.68 + 0.4 +
60 97.97+0.4 6.67 +0.1 +
0 100.3+ 0.5 6.64 + 0.4 +
15 97.97+0.1 6.65+0.1 +
BF5 40°C/75%RH 30 97.96+0.2 6.58 £ 0.4 +
45 97.95+0.3 6.67+0.3 +
60 97.95+0.2 6.76 £ 0.8 +

Sandard deviation n = 3; +: presence; -: absence.

oleic acid

Figure 1. Pseudo-ternary phase diagrams of o/w naemulsion region of Oleic acid (oil phase), Tween &Burfactant), and Transcutol-
HP (cosurfactant). Shaded part represents the hanomulsion region

74
Pelagia Research Library



Atul Srivastava et al Der Pharmacia Sinica, 2015, 6(2): 69-79

- * 9 @
. 0.5 im

F
Figure 2. Transmission electron microscopy image &2SA nanoemulsion
ral 0310

intsrcepr o911

e sk ﬂ'“-““'!‘ - Reter to quiadity repeoit

Tre DAt ten try Pianyly

ok SR AR

erady (%

a9
3

e 100 1000 Re o]

Figure 3. Size distribution of CSA nanoemulsion

3.2 Pseudoternary Phase Diagram Study

The pseudoternary phase diagram (Figure 1) wasrcated to delineate the phase boundaries of diffephases,
with the shaded region highlighting the true o/wvao@mulsion region. The screening of surfactant@sirfactants
on the basis of solubility is difficult because sllirfactant and cosurfactant cannot be solubilineall type of oil
phase. Surfactant chosen must be able to loweintbegfacial tension to a very small value to aié thispersion
process during the preparation of the nanoemulgiavides a flexible film that can readily deformoand droplets.
So, in this work, we carried out the selection aoffactant and co surfactant based on formationaoder
nanoemulsion region in the pseudo ternary phasgratia Constructed pseudoternary phase diagramsedire
explanatory about the presence of hanoemulsiommeghich assists easy selection of ingredients gntams for
preparation of stable formulation. As surfactantht® cosurfactant ratio 1:0 was used, it showecdhifségnt
nanoemulsion area. This showed that Tween 80 dmildsed alone without a cosurfactant, but highaeceotration
of surfactant can cause skin irritation [14]. Heritevas decided to incorporate cosurfactant whih surfactant in
the ratio 1:1. A large o/w nanoemulsion area waseoled. The reason attributed to the condition begreater
penetration of the oil phase in the hydrophobidcae@f the surfactant monomers by decreasing ailsphsize due
to the use of cosurfactant. Another reason couldrb@acrease in the entropy of the system. As weeased the
surfactant concentration to 2:1, nanoemulsion regi@s decreased as compared to surfactant to aotmf
mixture ratio of 1:1. Thus, 1:1 ratio of surfactémtco-surfactant was selected as optimized rakichvcan be used

further in the formulation of nanoemulsion from whidifferent concentrations of components for fdatian of
nanoemulsion were pooled randomly.
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3.3 Thermodynamic Stability Studies

Nanoemulsions are thermodynamically stable systamdsare formed at a particular concentration gfsnitfactant,

and water, making them stable and not subject &s@lseparation, creaming, or cracking. It is tleentostability

that differentiates nano- or microemulsions fronutsions that have kinetic stability and eventualhase-separate.
Thus, stability the formulations were tested foeiththermodynamic stability by using centrifugatian heating-
cooling cycle, and a freeze-thaw cycle. Only foratigins that survived the thermodynamic tests welected for

further study. The compositions of selected forrtiokes are given in (Table 2).

3.4 Formulation of Cyclosporine loaded nanoemulsion

Exactly 2% wt/wt of CSA, which was kept constantaihthe selected formulations, was added to megwf oil
and Smix with varying ratios pooled from pseudateynphase diagrams and then an appropriate améuveter
was added to the mixture in a drop wise manner. Adr@emulsion containing CSA was obtained by stirthe
mixture at ambient temperature.

12
=%
H z —e—BF1
% % ——BF2
EE —a&—BF3
g
BF4
—Ne—BF5
—&—BF6
+ BF7
BF8
Time (h)
Figure 4. Permeation profile of various nanoemulgeformulations
= £ 3
FS
; —— BFS
—@— Marketed formulation
08 i Plain drug gel .
g: 0
R E Drugsolution /»" "'
£ o T 1
H T 06
£ =
55 I
S 1 il
= 0.4 T ) I 1
0.2
o
w=: ,
o 4 8 12 16 20 24
Time (h)

Figure 5. Comparison of Permeation profile of optinzed nanoemulgel formulations (BF5) with marketed poduct and plain
nanoemulsion
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3.5 Optimization of Nanoemulsion

3.5.1 Transmission electron microscopy (TEM)

The transmission electron microscope showed aipesinage of CSA nanoemulsion (F5) as shown in Eg2
The figure revealed that, the shape of oil droptdtslispersed phase were found to be sphericalvesrg of
nanometer range.

3.5.2 Micromeritics of Nanoemulsion

The droplet size increased substantially with iasesl in the concentration of oil in the formulasioifhe droplet
size of formulation F1, containing 10% of the ahtent was found to be lowered significantly conaplawith other
formulations. The average droplet size of all tharfulation was in the nano range which is depidtedch low

polydispersity values. Polydispersity is a measfrparticle homogeneity. The polydispersity indexe®l) of all

the formulations were very low (Figure 3), indicatiuniformity of droplet size within formulationh& PDI values
of all the formulations were found in low rangel®5-0.301), indicating homogeneous dispersion obugjes
(Table 3).

3.5.3 Viscosity determination

The viscosity of nanoemulsion was found in the ea0fj18.9 + 1.61 to 35.6 = 2.45 mPas (Table 3)ds$ observed
that all true nanoemulsions formulations (F1-F8) law values of viscosity and not suitable for tiuse. Hence
nanoemulsion was incorporated into a gel matrigulteng into nanoemulgel (BF1-BF8) having high wsities. It
was observed that as the concentration of surfaatahcosurfactant increases, viscosity of the @dation also gets
increased.

3.6 Formulation of Nanoemulgel

The low viscosities of the prepared nanoemulsiobstracted their applicability for dermal use. Hertbeir
viscosities were increased by incorporating nandgoms into a gel matrix of guar gum resulting inéo
nanoemulgels which were found to be consistenfptmiand highly viscous to be applied dermally. Ggam was
expected to offer good biophysical and sensorialebis to the skin for an effective and efficiemartsdermal
delivery. Guar gum is easily soluble in cold wased has high viscosity, even at low concentratidence it is
widely used as thickener and stabilizer of suspensind emulsion [15]. Moreover, it is a naturallytained
polysaccharide and hence assigned as GRAS (gsneretignized as safe) label. The polymer solutias added to
the oil-S,x under stirring till a transparent gel was form&te formulation was stored at 4°C and was subjetcted
characterization.

3.7 Physical characterization of CSA loaded Nanoenuel

3.7.1 Measurement of pH

The pH values of the prepared NEG formulations vieuad between 6.4 t07.0. This shows the pH vaksih the
normal pH range of the skin which is considereceptable to avoid the risk of irritation upon apation to the skin.
The results are shown in the Table 4.

3.7.2 Viscosity measurements and rheological propéss

The performance of topical formulation is monitorey its rheological behavior, which governs itswilbility,
spreadability, and release of drug. The releasdriod from the formulation is governed by its comgots and
consistency of the formulation. It can be obser{&dble 4) that increase in surfactant concentrateats to
increase in viscosity of the nanoemulgel. Tween 8&d as surfactant here, was more soluble in xtterral
aqueous phase. That is, because the concentrdtiosater soluble surfactant in the system increasied,self-
association of these amphiphilic molecules incréas®d formed different sizes and shapes of miceligregates
[16]. As the concentration in external phase inseeia the network will form between the surfactantdecules,
micelles, and oil droplets. The denser the netwtitg, closer the distance between the dispersecepladd the
higher the viscosity.

3.7.3 Spreadability

Spreadability is an important parameter to be olegkin topical formulations. It plays an importaote in the
patient compliance and help in uniform applicatioihthe gel to the skin as gels should spread easgign
application. Spreadability mainly depends on viggosf the gel. Increase in viscosity leads to eéase in
spreadability. The spreadability of all formulatsowas found to be in the range of 4.7+ 0.28 tat50253 (Table 4).
The large diameter signifies better spreadability.

3.7.4 Drug Content
The drug content of the nanoemulgel formulation washe range of 96.8 + 0.96 to 99.5+ 0.62 (TahleThe
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results showed that the drug is distributed unifgrtiiroughout the formulation and drug loss wasimim.

3.7.5Ex vivo skin permeation studies

The ex vivo skin permeation study were performed to comparedthg releases from the nanoemulgel formulations
(BF1-BF8) and conventional emulgel (CEG) (Figure. 4)lanoemulgel, in particular, was known to
enhance permeation rates in deep skin layers amdade lag time when compared to conventional flations. It was
well reported in previous works that nanoemulgelldgerform as drug reservoir where drug was rel&®m inner
phase to outer phase and then further into the $kia enhanced transdermal drug delivery might heselted due to
different mechanisms, which include the permeatiadmancement of different components of nanoemulgel.

The cumulative amount of drug permeated (CADP)X,flliag time and skin retention were calculated dach
formulation of nanoemulgel. The formulation BF5wkd the highest CADP (1.38 +0.03 mgfms compared to other
formulations. Also a comparatively higher flux 080+ 0.11) was observed for this formulation. ldliidn, lower lag
time (0.51 h) and less skin retention (0.78 + Om@/cnf) of BF5 than the other formulations tested made it
considerable for being selected as the optimizediftation (Table 5). In the present study, oleiid 4oil phase) was
employed as an integral component which is widelgvin for increasing permeation. The results revktiat, as the
oleic acid in the formulation was increased frorfedw to 20%wi/w, the flux (rate of permeation) wasreased. This
The objective of stability studies is to d¢iot the shelf life of a product by accelemg the rate of
decomposition, preferably by increasing the tentpezaand RH. The optimized formulation BF5 was eatgd to
stability studies according to ICH guidelines byimtegining storage conditions at 25°C/60% RH andCf08% RH for
30 days. There was no marked change in physicataappce assay, pH and drug content (Table 8). Thas,
nanoemulgel formulation could be beneficial in ioyng bioavailability and permeation of cyclosperirfor
transdermal delivery.

Results also indicated that in nanoemulgel formauat(BF4-BF6) as the surfactant cosurfactant mixtwncentration
was decreased from75% to55%, the skin permeattenwas increased twofold. The reason attributetthdaosituation
could be increase in thermodynamic activity of druganoemulgel at lower content of surfactaris Well said that the
thermodynamic activity of drug in the formulatiana sufficient driving force for the release andnmation of drug into
the skin. The formulations (BF4-BF6) were also careg on the basis of concentration of aqueous plassevater
was the hydrophilic domain of nhanoemulgel. Whenewabntent was increased, cumulative amount of gesgheated
increased substantially.

3.7.6 Comparison of Permeation Studies of MarketeBormulation, Optimized Nanoemulgel, Nanoemulsion, rad
Plain Drug Gel and Drug Solution.

The nanoemulgel formulation had higher flux (0.@78.11mg/cnf/h) than conventional marketed formulation (1.12 +
0.21 mg/crivh), plain drug gel (0.91+ 0.15mg/éfh), and drug solution (0.84 + 0.05 mg/h) depicted in Table 6,
Figure 5. The lower local accumulation efficientAE) of nanoemulgel (Table 6) which was found tothelucidated
the lower retention of drug in the skin and conédrthat maximum amount of drug has been permeatedgh skin.
The LAE for drug solution was found to be the highéhat is, 2.28, showing that drug has permehtedigh skin to a
negligible extent and has been retained in skig.dnlthe present study, nanoemulgel was also coedpaith plain
nanoemulsion. It was observed that the flux of eamadgel was lower than nanoemulsion, which mayueetd higher
viscosity of the formulation. When the flux of plaianoemulsion (F5) was compared using unpairetbstu-test, no
significant (P > 0.05) difference was observed [@#&). Though the nanoemulgel had lower flux, it ba favored over
the nanoemulsion, due to prolonged effect and &s&@ viscosity from view point of its applicabildy skin.

3.8 Mathematical Model Fitting of Drug Release data

In vitro release studies of NEG formulations weténto various kinetic models to determine thetbi#gsnodel. The
best fit model with the highest correlation coééfitt values or regression coefficient§ for the formulations are given
in the Table 7. The results indicated that, the femodel was found to be Higuchi model. Timevitro release data
when fit into koresmeyer peppas equation the ‘hieavas found to be 0.518 indicating non-fickiaffugion.

3.9 Stability Studies

The objective of stability studies is to gt the shelf life of a product by accetarg the rate of
decomposition, preferably by increasing the temipeeaand RH. The optimized formulation BF5 was eatgd to
stability studies according to ICH guidelines byimtaining storage conditions at 25°C/60% RH andC{9%% RH
for 30 days. There was no marked change in physjgpéarance assay, pH and drug content (Tableh8}, The
nanoemulgel formulation could be beneficial in imygng bioavailability and permeation of cyclosparifior
transdermal delivery.
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CONCLUSION

The novel nanoemulgel of cyclosporine with suitaliggosity was successfully formulated for transtrapplication.
Nanoemulgel was formulated by addition of guar gouim nanoemulsion which resulted in increase inas#ty and had
no significant influence on penetration of cyclaspe. The permeation rate of nanoemulgel was @dihigher than
that of drug solution.

The optimized formulation was compared with conieeral marketed formulation and showed significarghbr
permeation profile which justifies the nanoemukgedtem to be a promising surrogate carrier foisttarmal delivery of
cyclosporine.
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