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ABSTRACT

The aim of the study is to prepare topical liposome of fluconazole by standard lipid film hydration method followed
by incorporation into freshly prepared hydrogel for effective topical permeability. Different ratio of cholesterol and
phospholipid was considered as a lipid carrier and 2° factorial design was used to evaluate the influence of different
conditions on entrapment efficiency and drug release from liposomal gel. Prepared fluconazole liposomal gel was
characterized by photo microscopic study, entrapment efficiency, drug content, stability studies, surface topography
and in-vitro release study. DSC and FTIR analysis were performed to characterize the state of drug and lipid
modification shape and surface morphology were determined by SEM which revealed white spherical shape of the
formulation. The consequence of simultaneously varying two preparation factors that is Ratio of Phospholipid:
Cholesterol and Hydration volume and their interaction on response were modeled by response surface
methodology (RSM). Three-dimensional response surface plots and mathematical polynomial equations were used
to correlate the index and control. In vitro dissolution study shows that R? value of formulation F9 was found to be
0.998 which is significant amongst all with a zero order drug release profile. The final optimized formulation having
the composition of PC was 84.22 mg with cholesterol 20 mg and hydration volume 13.83 ml incorporated in 2%
carbopol gel.

Key words: FluconazoleLipid film hydration, Hydration volume, Factoridesign,Cholesterol.

INTRODUCTION

To achieve optimal and significant therapeuticoeffy, the drug molecules could be transported bgreer to the
site of action to execute their assignment. Howetver carrier should be biodegradable, non-toxit \wroper size
and shape to carry a wide range of medicinal agem®somes are macroscopic, spherical, self-clogsicles
consists of one or more phospholipids. Both watbéstde and lipophilic drug molecules may be encégisd in the
vesicle, either in the entrapped aqueous meditheéredge of phospholipid bilayer, or in the bilgydre demand
locality of the drug will be depended on the conipms and physicochemical properties of its compbigagids. Due
to these characteristics, liposomes were considesedproficient drug transporter.

Subsequent administration into the body, the lipts® with reception to the target tissues are takitg cells
passing through different types of endocytosis[P1] Through passive diffusion process it is impbkesto take
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proteins, peptides and nucleic acids into the calisa result intracellular uptake of liposomehis prime aspect for
liposome-mediated drug delivery system for thesgyslto ensure satisfactory bioavailability. It waported by
many researchers that liposomes was taken up throlaghrin endocytosis into the cells [3]. Furthersy by
modify the physico-chemical characteristics alonghwsurface properties of the vesicle may influertbe
intracellular uptake system [4] [5] [6].

In the present study, Fluconazole was taken asdehayug which is a synthetic triazole anti funggent, which
selectively inhibits the fungal cytochrome P-45@yme and C-14 alpha sterol demethylase. It has wegjigible
action on human sterol synthesis. The drug is &esbrcompletely after oral administration, thus the
pharmacokinetic properties are alike following orahd intravenous administration. Subsequent to oral
administration the peak plasma concentrations ehgeged within one to two hours and eliminationfHiéé is
about 30hrs. Following single oral doses dailysteady-state concentrations are reached withi®slays [7] [8].

In the present study, response surface methodgdR8) is a collection of mathematical and statitiechniques
for empirical model building, used to develop amtimizing the liposome formulation by factorial dg@s method
and its therapeutic effect [9].

MATERIALS AND METHODS

Materials

Fluconazole is obtained as the gift sample fromWalace Rivela (division of Wallace Pharmaceutieat. Ltd.).
Phosphatidylcholines (PC), Cholesterol (CHOL) arealpha tocopherol acetateere procured from HI- MEDIA
Laboratories, Mumbai, India. All other chemicatglasolvents used are of analytical grade.

Liposome preparation

In this investigation, the liposomes were formutlaby adapting ‘standard lipid film hydration methoBifferent
weight ratios of phospholipids: cholesterol, wergighed and dissolved in chloroform: methanol migt(2: 1 v/v)
in 250 ml rounds bottom flask, as provided in Table lipid film was formed on the inner side ofur bottom
flask by evaporating organic solvent under vacuanmmtary evaporator at 45-50 °C. Subsequently, thskflwas
kept overnight under vacuum to ensure the comptateoval of residual solvent. The dry lipid film whgdrated
with 20 ml phosphate buffer solution (pH 7.4) camitag fluconazole at a temperature of 60+2 °C. Aftards, the
dispersion was left undisturbed at room temperdare-3 h to allow complete swelling of the ligitm and hence
to obtain the vesicular dispersion [10]

Formulation design

The novel optimization technique, design of expenin(DOE) modeling was applied by means of factatésign
to develop and optimize fluconazole liposome fomtioh and to distinguish the significant factordfeets
influencing the investigated responses in the pgegddiposome formulation. The weight ratio of PCHOL(X1)
and hydration volume (X2) as independent variablesh at three levels was studied for the interesgésponses
such as entrapment efficiency (Y1) and drug reléad eight hours (Y2) as dependent variables.

Table 1. Formulation chart of nine batches

’ Variable X1 Variable X2
Farmulation code. Ratio of PC : CHOL (mg) | Hydration volume (ml)

F1 5.1 (+1) 10 (-1)
F2 4:1 (0) 20 (+1)
F3 31 (1) 15 (0

F4 3:1(-1) 10 (-1)
F5 3:1(-1) 20 (+1)
F6 4:1 (0) 10 (-1)
F7 5.1 (+1) 15 (0)
F8 5:1 (+1) 20 (+1)
F9 4:1 (0) 15 (0)

Statistical Analysis

Statistical validity of the polynomials was estabkd on the basis of ANOVA provision in the Desigxpert
Software. Three-dimensional (3D) response surféas pnd two dimensional (2-D) contour plots wesestructed
based on the model polynomial functions using Dedixpert software. These plots are very useful de s
interaction effects on the factors on the respankgght optimum checkpoints were selected by intengrid
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search, performed over the entire experimental dmna validate the chosen experimental design @signomial

equations. The formulations corresponding to thaseckpoints were prepared and evaluated for variesigonse
properties. Subsequently, the resultant experirhelata of response properties were quantitativelygared with
that of their predicted values. Also, linear regres plots between observed and predicted valu¢seofesponse
properties were drawn using MS-Excel, forcing ihe through origin.

Due to aforementioned factors, afall factorial design by way of the two indepentéactors at three levels was
used to provide rational proceed to organize thepaese model and optimal variable combinations.leTdb
describes an account of 9 experimental runs, \kiglir independent factor’'s combination and codeelleersion
using throughout the study. During the proposedystthe responses produce polynomial models aldtiy tiveir
interactions and quadratic terminologies using ipl@ltregression analysis techniques. The generah fof the
second-order polynomial model is represented afotloeving equation:

Y= Bo + Bo X+ BoX ot BoXy Xt BuX T + BoX 4 B X, X I+ B, X1 X,,

in which Y was the determination value of indBywas the intercept arfdl- f; were regression coefficients, whilst
X, — X, are investigated factors. The correlation in betweach factor and response was fitted by using dat

processing software Design-Expert trial version8B(&tat-Ease Inc., USA), subsequent regressiofficdeats and
constants were calculated, as well, precision gifagsion formula obtained was evaluated by fita@sscorrelation
coefficient. The sensibleness of statistical polyied models was predictable by ANOVA. Three-dimensil

response surfaces (3D) that show signs of thedatien between every factor, and their signifigafiience on the
index were plotted according to fitted equation.

Validation and optimization of the proposed model

To authenticate this experimental model, eight kheaint solutions were selected and were screepedhie
selected responses. The ensuing observed respeesesjuantitatively compared with the correspondinedicted
values to get the optimized formula. Afterwardelin regression plots were drawn between the oldtabserved
response properties and the consequent predichaeisva

Photo microscopic study of liposomes
The liposomal suspension was subjected to sialysia under a microscope (10x400 magnificationgdi with a
calibrated ocular micrometer. The shape of pre¢gphpepsomes was also studied [11].

Entrapment efficiency

To determine the amount of fluconazole, liposomes veergrifuged at 20000 rpm for 1 hour at the colerbl
temperature of % to obtain the supernatant containing unentraghewnazole. The total amount of drug was
agreed on by UV spectrophotometrically at 261.5against phosphate buffer saline (pH 7.4), and theuat of
fluconazole entrapped in liposome was determinedslryg the following equation:

Entrapment Ef ficiency(%) = %

¥
Where Cy is concentration detected of the total amount lo€dnazole, andC; is the concentration of free
fluconazole. The entrapment efficiency was obtaibgdepeating the experiment in triplicate and vhkies were
expressed as mean standard deviation.

10004

Drug content and content uniformity

100gm of gel sample was taking to determine drudest using UV spectrophotometer at 261.5 nmil&ity, the
content uniformity was resolute by analyzing dremaentration in gel taken from 3 to 4 differentrgeifrom the
container. However, for the liposomal gel, it wasleen with sufficient quantity of methanol to extr¢he drug and
then analyzed by using UV spectrophotometer at526i.

Stability studies
The ability of vesicles to retain the drug (i.erugl retentive behavior) was assessed by storindiplesomal
suspensions at two different temperature conditipes 4-8°C (Refrigerator; RF) and 25+2 °C(Ro@mperature;

44
Pelagia Research Library



Subhabrota Majumdar et al Der Pharmacia Sinica, 2014, 5(5):42-55

RT) for a period of 60 days. Samples were withdraporadically to analyze the entrapment efficienicjposomal
suspension [12] [13].

In vitro release studies

In vitro, release of fluconazole was performed gsmodified Franz diffusion cell. For this studgt was
sacrificed by exposing to excess chloroform.tii@ abdominal skin, depilatory wapplied and kept for 10 minutes
to remove the hair from it. Now the skin was washéith water and excised from rat with a scalpel to caatie
fatty layer by keeping the skin in warm wateréff C. After 2 minutes, the fatty layer was peeled sffoothly,
following washing with water and kept for saturatim the phosphate buffer saline pH 7.4 for about 30uteis
before itwas used for permeation studies. Fresh skin was exgry time. Skin permeation studies with liposomal
formulations were carried out usiagdominal rat skin, employing modified Franz-diftuscells.

The liposomal gel was positioned in the donor cotmpant, while the receptor compartment was filledhw
phosphate buffer, pH 7.4 of 90 ml. The diffusiolisevere maintained at 37+0G with stirring at 500rpm right
through the experiment. At predetermined time idby, 4ml of aliquots were withdrawn from receiver
compartment through side tube and analyzed by Usiblé Spectrophotometer at 261.5nm. Data obtaireed in
vitro release studies were fitted to various kinetic &équna like Zero order, First order, Higuchi matrad
Krosmeyer-peppas for formulation F1to F9 to find the mechanism of drug release from the liposayeb[14].

Surface topography

The samples for the scanning electron microscomlyais were prepared by sprinkling the dried dipmal

formulation on one side of an adhesive stub tolvesdetails of the lipid bilayer. The liposomes ei¢hen mounted
with gold in ion sputtering unit and finally th@péisomes were mounted into the scanning electrorosdope (FEI
Quanta-200 MK2, Netherlands) [15].

Differential scanning calorimetry
This study was performed to explore the transition tenajpee of the liposomes incorporated with choledtat
different ratios was detected Berkin Elmer-Jeda DSC instrument equipped witméaicooler [16].

FT-IR spectral analysis

It is an excellent tool used for material quantiw@tanalysis to study the drug-excipient interactiongh an
intention of predicting rapidly and reasonably flbag-term stability of the mixtures. Both morphalcej and
thermal properties are sensitive to interactionsictvleave mostly unmodified the IR spectra’s. HielR surface
analysis was performed by Perkin EImer FTIR, Speai RX, UK [17].

RESULTS AND DISCUSSION

Calibration curve of fluconazole

The absorbance of fluconazole at different conedioln was précised using UV-visible spectrophot@matimax
261.5nm. The calibration curve of fluconazole istitictive concentration was plotted with regressiatue of
0.998 shown in Figure. 1. The curve obeys BeersnHeat's law in a concentration of 50ug/ml, 100 pig260
pg/ml, 300 pg/ml, 400 pg/ml and the relation betwte drug concentration and absorbance was lar@arvithin
the concentration range of fluconazole. Consequetitie entrapment efficiency, drug loading & inrgitdrug
releases of different types of fluconazole lipossmere effortlessly calculated [18].

Surface topography (Scanning Electron Microscopy)
Scanning electron microscopy of the developed 6pus of formulation F4 is shown in Figure 1 and kg
respectively.
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4/23/2012 HvV det mag wD spot| ——— 10 pm —@ @
4:16:22 PM |20.00 kV | ETD |6 000 x| 8.5 mm | 3.0 Fluconazole Liposome_3

Figure 1. SEM of fluconazole liposome at 6000x madication

4/23/2012 HV det mag ‘ wD spot —30 ym ——
4:13:51 PM |20.00 kV |ETD [1 600 x| 8.5 mm | 3.0 Fluconazole Liposome 2

Figure 2. SEM of fluconazole liposome at 1600x madication

FT-IR Spectral Analysis
The FT-IR study was performed to examine about itfteractions between the drug and polymers used for

preparation of liposomes. The spectra obtaineddionulation of fluconazole with polymers are shoinrFigure 3
and Figure 4. It is confirmed that there was nai§icant interaction between drug and polymer.
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Figure 4. FT-IR Spectra of Drug+ polymer (fluconazte + PC)

Differential Scanning Calorimetry (DSC)

The membrane of liposome can subsist in eithertallyge form or liquid state. At the transition tperature, the
degree to which this transformation of liposome femilted can be barred by DSC, which determinesigds in
heat capacity shown by thermal transition. For B&C thermogram of fluconazole, sample consisted single
sharp endotherm maximum at 14%.60. The endotherm is assigned to the melting of ¢bempound and
characterized by an enthalpy of fusion = 252.57/%) The quality of the thermogram indicates theitguof
fluconazole. It is confirmed that there was no sigant interaction between drug and polymer asashn Figure 5

and Figure 6.
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Figure 6. DSC thermogram of physical mixture (Flucoazole + PC)

In vitro drug released study

The in vitro drug release study of the desired fdations was carried in phosphate buffer pH 7.48fdrrs using a

diffusion cell apparatus.

From the obtained results of in vitro release g@sidor all the formulation were plotted in fourfdilent models of

data treatments as follows:

Cumulative % drug release Vs. Time, Remaining lagalative % drug release Vs. Time, Cumulative %gdru
release Vs. Square root of time & Log cumulativedfag release Vs. Log time. The release kineticshefall

formulations in zero order are shown in Figure. 7
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Zero order release kinetics for F1 to F9
=—4—cum%r F1
a0 - =fl—cum%r F2
35 4 =de=cum % r F3
———cum % r F4
=te=cum % r F5
=@=cum?%%r F6

cum% r F7

Cumulative % drug release

cum%r F8

cum% r F9
0 2 4 6 8 10

Timein hr.

Figure 7. Zero order release fitted in formulationF1 to F9

Comparison of Various Release Kinetics Models of fferent formulations

It was observed that from Table the n value lied between >0.5 but <1 in case of Fd,and F8, indicates
anomalous Non-Fickian diffusion drug release ared of the formulation shows the n value >1,indisaeNon-
Fickian diffusion (supercase Il) drug release.

Table 2. Comparison of the various release kinetiamnodels of different formulation

. Zero order model First order model Higuchi matrix model Korsmeyer-peppas
Formulation code model
r? Ko r? ks r? Kn, r? Kip n

F1 0.993 3.529 0.986 0.018 0.957 135 0.991 0.9539530
F2 0.922 3.865 0.895 0.020 0.843 144 0.950  1.0890891
F3 0.964 2.845 0.953 0.013 0.899 10.71 0.992 1633633
F4 0.945 2.578 0.933 0.012 0.876 9.678 0.978 128388
F5 0.962 2.847 0.95 0.014 0.901 10.74 0.988 112191
F6 0.988 2.817 0.986 0.014 0.956 10.8 0.969 0.8018010
F7 0.987 5.063 0.985 0.027] 0.957 19.43 0.973 1142142
F8 0.979 4.862 0.962 0.027] 0.925 18.42 0.966 0952052
F9 0.998 4.052 0.996 0.021] 0.977 15.62 0.992 1291291

Drug content and content uniformity
It wasobserved thathtere was no significant difference observed in%hdrug at various locations, indicating that
the method used to disperse the liposomal dispeisithe gel base is satisfactory.

Stability studies

Liposomal preparations were analyzed for stabildy 60 months at 4-8 °C and room temperature. Regson
obtained for different formulations for liposomalspgersion during stability period are exposed irbl&a3.
Liposomes were found to be rationally stable imterof aggregation, fusion and/or vesicle disruptiemdencies,
over the studied storage period. From the aboudtseit can be accomplished that at room tempegatnd freeze
temperature there was slightly but insignificartgcrease in % entrapment efficiency.

Table 3. Effect of Entrapment efficiency during stoage

Entrapment Efficiency (%)
No. of days 4-8C Room temp
F1 F7 Fl F7
0 63.56| 73.05| 63.56 73.06
30 62.24| 72.67, 61.02 70.44
60 59.89| 70.23 57.89 68.75
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Experimental design and data acquiring

Theinfluence of both ratio of PC: CHOL & hydration wohe used to formulate fluconazole liposome wasistiid
Liposomes were obtained bipid film hydration method Response surface methodology with the aid of i@ent
Composite Design was exploited to estimate theuémfte of both ratio of PC: CHOL & hydration voluras
dependent variables and their interactions on tivestigated responses. This experiment was aimédetdify
considerable factor effect influencing the formigdatperformance and to set up to their excellenelk for the
desirability of responses shown in Table 4.

Table 4. Response variables obtained from trial fanulations of fluconazole liposomes.

Formulation code. Ratio of PC : CHOL (mg) | Hydration ;olume (ml) Entrapme:}t Efficiency | %Drug relea\l(sed at 8hours
1 2 1 2

F1 5.1 (+1) 10 (-1) 63.46+1.2712 28.185+1.404
F2 4:1 (0) 20 (+1) 66.18+1.3216 31.45+1.575

F3 3:1(-1) 15 (0) 56.66+1.1352 20.569+1.033
F4 3:1(-1) 10 (-1) 55.56+1.1152 19.587+0.974
F5 3:1(-1) 20 (+1) 58.82+1.1784 22.31+1.1105
F6 4:1 (0) 10 (-1) 60.73+1.2086 24.378+1.208
F7 5:1 (+1) 15 (0) 70.25+1.409 36.886+1.849
F8 5:1 (+1) 20 (+1) 73.25+1.461 38.878+1.94

F9 4:1 (0) 15 (0) 64.75+1.297 29.750+1.497

(n=3)

Statistical analysis and mathematical modeling ofx@erimental data

To evaluate the quantitative effects of the corabliratio of factors and their levels on the @mefd responses, the
experimental values of the flux were analyzed bgife Expert software and mathematical models obthior
each response [19]. The mathematical relationshigeiated using multiple linear regression analgsithe studied
response variables (entrapment efficiency and dalgase at 8 hr.) that were relating different oese and
independent variables are expressed as followihgpmial equations.

Y, (E.E.)=64.49+5.94A+3.05B+1.58AB-0.76A.05F (1)
Y, (%DRat8hr.)=28.61+6.62A+3.40B+1.97AB-0.84A628  (2)

The above equations expose the quantifiable effieitte dependent variables; Ratio of PC & CHOL =aallime of
hydration, on the responses such as E.E (Y1) aaR¥at 8 hours (Y2) as dependent variables. Thenpotyal
equation includes the coefficients intercept, fosder of individual factor’s influence, interaati@nd higher-order
term [20]. In the above equations, the positivensigndicate synergistic effect, and the negatiga signifies the
antagonistic affect. The positive regression comffit of both factors in equations (1) and (2) ps®that increase
in E.E and % DR at 8 hours with an increase in eatration of the independent variables. It is abserved that
influence of A > B on the both responses. In theatigns (1) & (2) coefficients of factors with higshorder term
(A? & B represent quadratic correlation. The negativeessjon coefficient of the quadratic term of&B?, in
equations (1) and (2) signifies that the respectegponses decrease. There is a positive influencthe both
responses by the interaction of the two factorg. [Bar estimation of the significance of the modkg analysis of
variance (ANOVA) was executed the linearity, intgi@en & quadratic term on responses. Using 5% ficarice
level, a model is considered significant if thegiue (significance probability value) is less tia@5 [22].

Table 5. Analysis of variance table of entrapmenrgfficiency [Partial sum of squares - Type ]

Source Sum of square | Df | Mean square | F-value | p-value prob>F
Model 280.50 5 56.10 57.63 0.0035 significant
A-PC:CHOL 211.46 1 211.46 217.22 0.0007
%hydrat'on volume 55.82 1 55.82 57.33 0.0048
A2 10.02 1 10.02 10.29 0.0490
B2 0.99 1 0.99 1.02 0.3877
2.22 1 2.22 2.28 0.2282
Residual 2.92 3 0.97
Cor- total 283.43 8
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Response 1 (entrapment efficiency)

ANOVA for response surface quadratic model

The Model F-value of 57.63 implies the model imffigant shown in Table 5. There is only a 0.3%8arce that a
"Model F-Value" this large could occur due to noi¥ealues of “prob>F" less than 0.0500 indicate niddems are
significant. In these case A,B,AB are significardadal terms. Values greater than “1.000 indicateniaels terms
are not significant.

Response 2 (Drug release at 8 hr.)

ANOVA for response surface quadratic model

The Model F-value of 58.88 implies the model isnffigant. There is only a 0.34% chance that at®l F-
Value" this large could occur due to noise. ValoE$rob>F" less than 0.0500 indicate model termes significant.
In these case A,B,AB are significant model termalués greater than "1.000 indicaste that modetsstare not
significant as revealed in Table 6.

Table 6. Analysis of variance table of drug releaskat 8 hr. [Partial sum of squares — Type IlI]

Source Sum of square| Df | Mean square | F- value | p-value prob>F
Model 354.15 5 70.83 58.88 0.0034 significant
A-PC:CHOL 262.55 1 262.55 218.26 0.0007
B- hydration volume 69.36 1 69.36 57.66 0.0047
AB 15.56 1 15.56 12.94 0.0368
A2 141 1 141 1.17 0.3589
B2 5.27 1 5.27 4.38 0.1274
Residual 3.61 3 1.20
Cor- total 357.76 8

Formation of 3D response surface plots

To envisage the effect of independent factors sparse, three-dimensional (3D) plots (Figuran@Figure.9) for
E.E and % DR at 8 hours were shaped based on thieopoial model respectively. All of the observedpense
surfaces formed hillsides with large curvaturesficors that they were typically influenced by thedraction effect
of concentrations of both dependent factors.

Design-Expert® Software
Factor Coding: Actual
pe
® Design Points
73.05

55.76

K1 =A: PC:CHOL
K2 = B: HYDRATION VOL

B: HYDRATION VOL

60.00 68.00 76.00 84.00 92.00 100.00

A: PC:CHOL

Figure 8. Contour plot showing the effect of ratioof PC:CHOL and hydration volume on Entrapment Efficiency from liposomal gel
formulation
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@ Design points above predicted value
@

X1
X2

73.05
75
55.76

A: PC:CHOL 7a

B: HYDRATION VOL

@
(3]

16.00
14.00

92.00
24.00
\ 76.00
6800  A: PC:CHOL

B: HYDRATION VOL2.00

10.00  850.00

Figure 9. Response surface plot showing the effeaftratio of PC:CHOL and hydration volume on Entrapment Efficiency from liposomal

gel formulation

Besign-Expert® Software
IFactor Coding: Actual
drt 8 hr.

® Design Points

I 37.56

X1 = A: PC:CHOL
K2 = B: HYDRATION VOL

20.00

18.78

B: HYDRATION VOL

S8.00

drt8 hr.

76.00 84.00

A: PC:CHOL

Figure 10. Contour plot showing the effect of ratioof PC:CHOL and hydration volume on % Drug releaseat 8 hr

formulation

. from liposomal gel

Design-Expert® Software

Factor Coding: Actual

drt8 hr.

@ Design points above predicted value
<)

X1 = A: PC:CHOL
X2 = B: HYDRATION VOL

37.56

18.78

drt8hr.

B: HYDRATION VOl12.00

84.00
76.00

68.00
10.00 60.00

100.00

A: PC:CHOL

Figure 11. Response surface plot showing the effeaftratio of PC:CHOL and hydration volume on %Drug release at 8 hr. from
liposomal gel formulation
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Table 7. Comparison of the optimized formulationthe predicted and the experimental

Serial Ratio of PC: CHOL Hydration volume Response Observed Predicted Percentage Av

No. (%) (%) variables response response error 9-
. . . (Y 66.2883 69.7222 -3.4339

F1 100:20(5:1) 15 (Y2) 37.96¢ 34.382. 3.582¢ 0.07
g . . (Yy) 56.03: 57.848¢ -1.815¢

F-2 60:20(3:1) 15 . (Y2) 23.789 21.1522 2.6368 041
y . . (Ya) 63.023 60.3856 2.6374

k-3 80:20(4:1) 10 (Y2) 22.934 23.5822 -0.6482 0.99
: . . (Y 66.6732 66.4856 0.1876

-4 80:20(4:1) 20 (Y2) 30.650¢ 30.382. 0.268t¢ 022
. . . (Ya) 56.87: 58.263: -1.390:

F5 60:20(3:1) 20 (Y2) 22.543 20.9564 1.5866 0.09
’ . . (Ya) 66.234 64.0364 2.1976

F-6 100:20(5:1) 10 (Y2) 28.745 27.3864 1.3586 177
. . . (Ya) 62.776 64.4889 -1.7129

F7 80:20(4:1) 15 (Y2) 31.432 28.6056 2.8264 055
g . . (Ya) 63.95¢ 64.861! -0.905¢

F-8 84.22:20 (4.211:1) 13.83 Y>) 20974 28933 0.991 0.04

values of response variables

Table 8.

Validation of RSM result
The optimization of the independent variables @& t#ctors is another important step which was edrout by
taking optimal release profile of the factors imga. The system had generated 39 solutions intdepast ascent
analysis [23] out of which 8 formulation were choses described in mathematical modeling part. Rasfahe 8
check point formulations, the result of the tatdsay was found to be within limits. Table 7 lidte tomposition,
their predicted and experimental value of all resgovariables and percentage error. Figure 1ZFanoel3shows
linear correlation plots between the observed aedipted response variables, and the residual platsving the

scatter of the residuals versus observed values.

Final optimized formulation (F-8) of flucnazole liposomal gel

Part of liposomal gel

Ingredients

Amount

Liposome

PC

84.22mg

CHOL

20mg

13.83ml

Hydration volume

Gel

Carbopol

2% |

Linear correleation plot of EE

72
70 A
68
66
64 -
62

Predicted value

60 4

54

y=0.867x+ B.869

R?2=0.763

54

56 58 60

Observed value

62

64 66 68

+ predicted value

—— Linear (predicted value)

Figure 12. Linear correlation plot between observednd predicted values for % entrapment efficiency bcheck point formulation
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Linear correlation plot of DR at 8 hr.

36

34 y=0.864x+ 2.287
R?=0.934

32 4
30
28
56 | + predicted value

24 -

Predicted value

Linear (predicted value)

20
20 25 30 35 40

Observed value

Figure 13. Linear correlation plot between observednd predicted values for % drug release at 8 hr.focheck point formulation

By comparison between the observed responses dthof the anticipated responses, the predictioor efaried

between -3.4339 and 3.5828. The linear correlagilmts drawn between the predicted and observedonsss
demonstrated high values of franging between 0.763 and 0.934), indicating kewe goodness of fit. The
optimum formulation was selected by trading offieas response variables and adopting the followiragimizing

criteria: EE = 63.956 and DR at 8 hr. = 29.974.

Upon comprehensive evaluation of grid searchesfatmulation of F-8 as shown in Table 9 was chasgthe best
optimized liposomal gel formulation of fluconazaléth PC, CHOL as the error was low for the respootéhe
dependable variables.

Table 9. Optimization of fluconazole liposomes fanulation by surface response method

Response property Range| Lower limit] Upper limit
Entrapment efficiency  In rangg 55.76 73.05
Drug release at 81 | In range 18.7¢ 37.5¢
CONCLUSION

The present study was done scientifically to achi¢hve above objective. The formulation of liposongal
containing 5% fluconazole was prepared by driea filydration method. From the different evaluati@angmeters
and in vitro release study it is concluded tha©30+1.497% drug released was observed in formulE® with
drug entrapment efficiency 64.85+1.297 %. The imovdiffusion study shows that value of formulation F9 was
found 0.998. This is nearer to 0.999 and best anatin@iffusion study concluded that drug releasefite follows
Zero-order release. The optimum conditions werecsetl based on the drug release requirement angperént
efficiency, by using RSM with the aid of CCD. Taptimization sounded 39 solutions out of which eveelected
through extensive grid search. After preparatiod ewaluation of these 8 batches F-8 came out wiighcbveted
drug release pattern through the comparison ofigtetiand observed responses. The final optimiaeddlation is
having the composition of PC 84.22mg with 20mg. Tihesome was formulated with hydration volume B8
and gel was prepared with 2% carbopol. Moreovesiy timutual influences on studied parameters caexipéoited
and commercialized.
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