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Abstract

Salf-nancemulsifying drug delivery systems (SNEDDS) were developed with the objective to
over come problems associated with the delivery of Gliclazide, a poorly bioavailable, anti-diabetic
having pH dependant solubility. Solubility of Gliclazide in oily phases and surfactants were
determined to identify components of SNEDDS. Various surfactants and co-surfactants were
screened for their ability to emulsify selected oily phases. Ternary phase diagrams were
congtructed to identify area of nanoemulsification for the selected systems. The influence of
Gliclazide and pH of dilution medium on the phase behavior of selected system were assessed.
The globule size of optimized Gliclazide SNEDDS in various dissolution media was determined to
check the effect of pH on its behavior. The optimized Gliclazide SNEDDS needed surfactant
content less than 55% and yielded nanoemulsion of mean globule size 146 nm, which was not
affected by the pH of dilution medium. The optimized SNEDDS released the Gliclazide drug
completely within 20 min irrespective of the pH of dissolution medium.
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INTRODUCTON

Most of the nanoparticle system have been develbpethe delivery of poorly water soluble
drugs for enhance there bioavailability in the @&lct. Nanoemulsion are preferred drug delivery
system because of there stability and possibifitgasy oral administration to improve drug self-
emulsification in the gut [1]. Gliclazide reveal#luat it is practically in soluble in water and,
therefore absorb poorly with irritation in gastliming and hence shows bioavailability just 40%.
Thus in order to improve its bioavailability, it isecessary to enhance its solubility and
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dissolution characteristics. Conventional tableglatlazide are available with the dose of 40mg
and therefore keeping these finding in mind, it Wasided to increase solubility of gliclazide by
formulation of self-nanoemulsifying drug deliveryssem (SNEDDS), which may result in
increase in solubility and dissolution with subsagjureduction in dose [2-3]. Development of
lipid base drug delivery strategies that will ratall the bioavailability related advantages wél b
advantageous for optimizing gliclazide deliverylf®anoemulsifying system would be one such
approach to achieve optimum gliclazide deliverylf-Banoemulsifying drug delivery system
(SNEDDS) are isotropic mixtures of oil, surfactar;surfactant and drug that form fine oil-in-
water nanoemulsion when introduce into aqueousephiader agitation [4]. Self-nanoemulsifying
system of gliclazide would be an efficient, conestiand more patient compliance [5]. Self-
nanoemulsion SNEDDS can be directly filled in hayelatin capsule size 0 due to there
anhydrous nature enabling its administration asdosage form.

In this study, we developed an optimized formulatising a self-nanoemulsifying drug delivery
system in order to improve the solubility and bmitability of Gliclazide. Composition of
SNEDDS was optimized using solubility, Ternary phadiagram, droplet size and drug
release...etc.

MATERIALS and METHODS

Materials

Gliclazide was a generous gift from Bal Pharma (idore, India).

CAPTEX 355, CAPTEX 300, CAPTEX 350, CAPMUL MCM, CAMRJL PG8 obtained as a

gift sample from ABITEC CORPORATION, Ohio, USA. LABAFILL M 2125
CS,LABRAFILL M 1944 CS, LABRAFACE CC, LAUROGLYCOL ®@obtained as a gift sample
from Colorcon India, Goa (GATTEFOSSE, FRANCE). CRBERHORE EL & CREMOPHORE
RH obtained as a gift sample from BASF Ltd, All@tlthemicals were used of analytical reagent
grade and double distilled water was used throuigth@uexperiments.

Solubility studies

The solubility of Gliclazide in various modifiedlsi buffers and 10% (w/w) surfactant solutions
was determined by using shake flask method. Brieffyexcess amount of Gliclazide was added
to each vial containing 1 g of the selected vehicke, either oil, surfactant solution or buffer.
After sealing, the mixture was vortexes using dayixer for 10 min in order to facilitate proper
mixing of Gliclazide with the vehicles. Mixtures methen shaken for 48 h in a water bath shaker
(Remi, Mumbai, India) maintained at room tempem{ér7]. Mixtures were centrifuged at 5000
rom for 5 min, followed by filtration through mendme filter 0.45 um. Filtrate was suitably
diluted with ethanol and GLICLAZIDE dissolved in n@us vehicles was quantified by a
validated HPLC method developed in house.

Screening of surfactants for emulsifying ability

Emulsification ability of various surfactants wasreened. Briefly, 300 mg of surfactant was
added to 300 mg of the selected oily phase. Thetungixwas gently heated at 45°60for
homogenizing the components. The isotropic mixta€emg, was accurately weighed and diluted
with double distilled water to 50 ml to yield firemulsion. The ease of formation of emulsions
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was monitored by noting the number of volumetrasKi inversions required to give uniform
emulsion. The resulting emulsions were observediallis for the relative turbidity. The
emulsions were allowed to stand for 2 h and thairdmittance was assessed at 638.2 nm by UV-
160A double beam spectrophotometer (Shimadzu, Japsamg double distilled water as blank
[2,8].

Screening of co-surfactants

The turbidimetric method was used to assess relafificacy of the co-surfactant to improve the
nanoemulsification ability of the surfactants amgbao select best co-surfactant from the large
pool of co-surfactants available for peroral defwSurfactant, 0.2 g was mixed with 0.1 g of
cosurfactant. Capryol 90 (CAE), 0.3 g, was addedthis mixture and the mixture was
homogenized with the aid of the gentle heat (45%8) The isotropic mixture, 50 mg, was
accurately weighed and diluted to 50 ml with doutlilgilled water to yield fine emulsion. The
ease of formation of emulsions was noted by notivegnumber of flask inversions required to
give uniform emulsion. The resulting emulsions webserved visually for the relative turbidity.
The emulsions were allowed to stand for 2 h andl trensmittance was measureda8.2 nmby
UV-160A double beam spectrophotometer (Shimadzpar)ausing double distilled water as
blank. As the ratio of co-surfactants to surfadtans the same, the turbidity of resulting
nanoemulsions will help in assessing the relatifieazy of the co-surfactants to improve the
nanoemulsification ability of surfactant/s [5].

Construction of ternary phase diagrams

Ternary diagrams of surfactant, co-surfactant ahdere plotted; each of them, representing an
apex of the triangle Ternary mixtures with varyr@npositions of surfactant, co-surfactant and
oil were prepared. The surfactant concentration wased from 30 to 75% (w/w), oil
concentration was varied from 25 to 75% and coast@ht concentration was varied from O to
30% (w/w). For any mixture, the total of surfactard-surfactant and oil concentrations always
added to 100%. For example, in the experiment; firsxture consisted of 75% of surfactant
(either Cr-EL or SHS 15), 25% of the oily phase EAand 0% of co-surfactant (Ak-MCM). In
the further experiments, the co-surfactant waseesed by 5% for each composition, oily phase
concentration was kept constant and the surfacamtentration was adjusted to make total of
100%. Forty-two such mixtures with varying surfaxtfao-surfactant and oil concentrations were
prepared in this investigation. The percentagaudfstant, co-surfactant and oil used here in was
decided on the basis of the requirements stétgdPouton (2000)for the spontaneously
emulsifying systems [9-11]. Compositions were eatdd for nanoemulsion formation by diluting
50 mg of each of the 42 mixtures to 50 ml with deudistilled water. Globule size of the
resulting dipersions was determined by photon &iom spectroscopy (Beckman Coulter N-5,
Wipro, Mumbai). Dispersions, having globule size&d20m or below were considered desirable.
The area of nanoemulsion formation (NE) was idedtiffor the respective system in which
nanoemulsions with desired globule size were obthin

Effect of GLICLAZIDE and pH of the aqueous phase on ternary phase diagrams of the
selected system

The drugs as well as pH of the vehicle have consiide influence on the phase behavior of the
spontaneously emulsify. In view of this, the effettGliclazide and pH of the aqueous phase on
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the phase behavior and area of nanoemulsion fawmatas studied. In these investigations,
Gliclazide was dissolved in the CAE at ratio is ¥a&s treated as an oily phase and various
compositions, 42 in number, were prepared in tha@lai fashion. The influence of the pH of
agueous phase on the phase behavior and area @gmalsion formation was investigated by
diluting 50 mg of oily mix to 50 ml with various kieles viz. water, buffer pH 1.2, buffer pH 3.0
and buffer pH 6.8. The mean globule size of theltieg dispersions was measured by using
photon correlation spectroscopy (PCS) and the dhatained was used to identify the area of
nanoemulsion formation.

Optimization of formulae

SNEDDS were optimized for following parameters:
* Drug loading.

» Amount of oily phase.

Evaluation of GLICLAZIDE loaded SNEDDS
Optimized SNEDDS were evaluated for robustnessltdia@h, globule size, effect of Gliclazide
loading andn-vitro dissolution profile.

Robustness to dilution

Robustness of Gliclazide SNEDDS to dilution wasl&td by diluting it 50, 100 and 1000 times
with various dissolution media viz. water, SGF pl2 &nd Phosphate buffer pH 7.4 The diluted
nanoemulsions were stored for 12 h and observearigrsigns of phase separation or drug
precipitation.

Globulesize analysis

The formulation, 50 mg, was diluted to 50 ml witledra like double distilled water, water, SGF
pH 1.2 and Phosphate buffer pH 7.4. Visual obsematwere made immediately after dilution
for assessment for self-nanoemulsification efficign appearance (transparency), phase
separation, and precipitation of drug. The meabymsize and polydispersity index (P.l.) of the
resulting nanoemulsions were determined by PCS1B]|2Measurements were obtained at an
angle of 90. Nanoemulsions were diluted respeatef@cles to ensure that the light scattering
intensity (between 6E+004 to 1E+006), was withie thstrument's sensitivity range. The
resultant nanoemulsions were also allowed to stan@ h at room temperature to assess dilution
stability.

Effect of GLICLAZIDE loading

The increase or decrease in the amount of Gligiawiduld influence the globule size of the
resultant nanoemulsions if Gliclazide were parttipg at interface of nanoemulsion. In order to
investigate role of Gliclazide, various formulatowere prepared containing varying amount of
Gliclazide from 20 to 5% (w/w). SNEDDS, 50 mg, wilsited to 50 ml with different media viz.
double distilled water, water, SGF pH 1.2 and Phaspbuffer pH 7.4 and the mean globule size
of resulting nanoemulsions were determined by PId§ |

I'n vitro dissolution profile
SNEDDS of Gliclazide was filled in size ‘0’ hardlgeén capsules.In vitro release profile of
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SNEDDS was studied using USP XXIII apparatus 1&at3.50C with a rotating speed of 100
rpm in dissolution media namely, SGF pH 1.2 andsphate buffer pH 7.4 so as to evaluate the
effect of pH onin vitro dissolution. During the study, 1 ml of aliquots reeeremoved at
predetermined time intervals (10, 20, 30 and 45) fmom the dissolution medium and replaced
with fresh buffer [15-17]. The amount of Gliclazidgdeased in the dissolution mediuirable 5
was determined by UV spectrophotometer at 226.2

RESULTS AND DISCUSSION

Solubility studies

Solubility studies were aimed at identifying sul&aloily phase and surfactant/s for the
development of Gliclazide SNEDDS. Identifying thetable oil, surfactant/co-surfactant having
maximal solubilizing potential for drug under intigation is very important to achieve optimum
drug loading[9, 11]. Solubility of Gliclazide in various buffer oily phases and 10% (w/w)
surfactant solutions is presented-igs. 1-3 respectively.

solubility of Gliclazide in variocus Buffer

Phosphate

Buffer 0.75
pH7.4
SGF pH1.2 0.3
water 0.275
(e} 0.2 0.4 0.6 0.8

M solubility(mg/ml)

Figure 1: Solubility of GLICLAZIDE in various buffe rs.

Data are exgel as mean = S.D(n=3)

Solubility of GLICLAZIDE in various oil phases.

Caproyol S0 164.5
Lauroglycol 90
Akoline MCM 154.5
Imwitar 742

WL1349

Labratac CC 26.4

T
0 50 100 150 200
W solubility(mg/g)

Figure 2: Solubility of GLICLAZIDE in various oil phases.

Data are expressed as mean :nS3)(
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Solubility of GLICLAZIDE in various 10% (w/w) surfactant solutions.
Cremophore-EL 18.1
Labrasol 5.6
Tween 80 18.6
solutol 15 15.4
Tween 20 13.5
0] 5 10 15 20
m solubility(mg/g)

Figure 3: Solubility of GLICLAZIDE in various 10% (w/w) surfa ctant solutions.
Data are expressed as mean = S.D (n=3)
Solubility studies Fig. 1) clearly indicated that Gliclazide has pH dependahibility. Amongst
the various oily phases that were screened, Ca@§alCAE) Fig. 2) could solubilize target
amount of Gliclazide (40 mg) at relatively smallncentration of 300 mg. The selection of
surfactant or co-surfactant in the further studys waverned by their emulsification efficiency
rather than their ability to solubilize Gliclazide.

Screening of surfactants for emulsifying ability

The %transmittance values of various dispersioesgaren inTable 1. Emulsification studies
clearly distinguished the ability of various suttads to emulsify CAE. These studies indicated
that Cr-EL and SHS-15 had very good ability to e3ifylCAE. These studies indicated that Cr-
EL and SHS-15 had very good ability to emulsify CAflowed by Tween 20 and Tween 80,
whereas, Labrasol appeared to be poor emulsifieC#E. Although, the HLB values of the
surfactants used in the investigation were in tiege of 13 to 16 except for Poloxamers and
Tween 20, there was a great difference in theirlgifieation ability. This observation is in line
with the investigations reported alcolmson et al. (1998&ndWarisnoicharoen et al. (2000)
[14, 16-17]. who concluded that microemulsificatisralso influenced by the structure and chain
length of the surfactant. Cr-EL and SHS-15 rendeseny good nanoemulsions requiring short
time for nanoemulsification and were selected tothfer investigation.

Table 1: Emulsification efficiency of various non-dnic surfactants

Surfactant % Transmittance
Tween 20 94.6
Tween 80 93.3
Cremphore EL 99.4
Solutol HS 15 97.9
Labrasol 59.9
Poloxamer 407 97
Poloxamer 188 65.1

Data expressed as mean (3).
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Screening of co-surfactants

The investigations clearly distinguished the apitit various co-surfactants, both hydrophilic and
lipophilic, to improve the nanoemulsification oflesgted surfactant/s. All the cosurfactants
increased the spontaneity of the nanoemulsion fitlomalnterestingly, all the hydrophilicco-
surfactants appeared to be equivalent in impromangp-emulsification ability of Cr- EL and SHS
15. In case of lipophilic co-surfactants, good elation was observed between the structure and
chain length of co-surfactant (or molecular voluraggo-surfactant and the transmittance values
of resulting dispersions. Larger the chain lengttstructure (or molecular volume) of the co-
surfactant lesser was the transmittance value. Taiselation was applicable to Ak-MCM,
Imwitor 742, Lauroglycol 90, Lauroglycol FCC anduRil oleique CC 497Table 2)However,
Akomed E and Labrafil 1944 CS did not follow thishavior. Among Akoline MCM, Imwitor
742, Lauroglycol 90, Lauroglycol FCC and Pluroliqlee CC 497, Ak-MCM, a mixture of
capric/caprylic acid mono-, di- and tri- glyceridésie to its smallest molecular volume appeared
to be the best co-surfactant. Imwitor 742 and AkNfQvere almost equivalent which is
attributed to similarity in their mono-, di-, and-glyceride proportions of capric/caprylic acids.
However, Lauroglycol 90, Lauroglycol FCC were lesffective as co-surfactants. This was
attributed to the presence of lauric acid backbomkich is longer in chain length than
capric/caprylic acid. But they were more efficightan Plurol oleique, which has oleic acid
backbone, which is longer in chain length thanitacid.

Table 2: Emulsification studies on surfactant/co-sdactant combinations

Co-surfactant % Trarsamce
Cremophore EL Solutol HS 15

Transcutol 99.7 98.7
Propylene glycol 99.6 98.6
Polyethylene glycol 99.5 98.3
Labrafil 1944 CS 99.2 97.9
Plurol Dioleique CC 497 91.2 73.7
Lauroglycol FCC 98.6 85.5
Lauroglycol 90 98 63.3
Imwitor 742 99 95.5
Akoline MCM 99.2 95.1
Akomed E 99.7 99.1

Data expressed as meas 3).

These observations are in line with the investioyetireported byvlalcolmson et al. (1998nd

Warisnoicharoen et al. (20004,16] Surprisingly, Akomed E, despite of itsgar content of

diglycerides and triglycerides of capric/capryl@daas com- pared to Ak-MCM and Imwitor 742,
appeared to be best among all lipophilic co-suafatst which can further be validated with the
help of globule size analysis. Labrafil 1944 CS @& oleate/linoleate), which has oleic and
linoleic acid backbone showed superior performame Plurol oleique, Lauroglycol FCC and
Lauroglycol 90 probably due to more hydrophilicéigd surfactant like properties. In conclusion,
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emulsification studies gave good insight into tligciency of various cosurfactants. Among
lipophilic co-surfactants, Akomed E, Ak-MCM and Inter 742 exhibited superior profile with
Akomed E showing the best performance. However tdugs less solubilizing potential for
Gliclazide. it was not used for further studies.-MICM a lipophilic co-surfactants with good
solubilizing potential for Gliclazide was selectaad Cremophore EL, Akoline MCM-CAE and
Solutol HS 15-Akoline MCM-CAE systems were develdper further studies.

CR-EL
0.00 , 100

100 N 0.00
0.00 25 50 75 100
AK-MCM CAE

Figure 4. Ternary diagram of CR-EL, AK-MCM and Capryol 90 (CA E)

SHS 15
0.00 , 100

100 : ' 0.00
0.00 25 s0 75 100

AK-MCM CAE

Figure 5. Ternary diagram of SHS-15, AK-MCM and Capryol 90 (CAE).

Construction of phase diagrams

The phase diagrams of Cremophore EL-Akoline MCM-Catfl Solutol HS 15-Akoline MCM-
CAE systems are shown kigs. 4 and 5.The outer parallelogram indicates the area, wiiah
explored for locating nanoemulsification regioneTiiled region indicated with NE indicates the
region in which nanoemulsions of desired size vadatined. FronfFigs. 4 and 5 it is evident
that Cr-EL-Akoline MCM-CAE system has larger nanadsification region as compared to
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Solutol HS 15-Akoline MCM-CAE system. Cremophore-EBkoline MCM-CAE system yielded
nanoemulsions for the compositions that had as&sgh0% (w/w) of oily phase comprising of oil

+ lipophilic co-surfactant concentration, where8slutol HS 15-Akoline MCM-CAE system
yielded nanoemulsions for compositions having ab60% (w/w) of oily phase. These
compositions had ability to solubilize various hyplnobic drugs and have potential to become
plat form systems. In view of current investigatidae to larger nanoemulsion region and greater
capacity for incorporation of oily phase, whichmest desirable for Gliclazide, Cremophore EL-
Akoline MCM-CAE system was selected for furtherdsés.

Effect of GLICLAZIDE and pH of the aqueous phase on ternary phase diagrams of the
selected system

The phase diagrams indicating effect of Gliclazatel pH of the aqueous phase on phase
behavior and area of nanoemulsion existence argrshoFigs. 6.1t was expected that Gliclazide
would influence the phase behavior and the aremobemulsion formation as in these formulae,
Gliclazide substituted one-third amount of CAE aspared to the systems without Gliclazide.
Phase diagrams studies indicated that there waarkable influence of Gliclazide and also the
pH of dilution medium on the area of nanoemulsiomfation of the Cremophore based system.
Incorporation of Gliclazide in CAE led to a congale reduction in the area of nhanoemulsion
formation of Cremophore based SNEDDS when comparéte area ifrig. 4. Gliclazide, due to

its low aqueous solubility, is likely to particiaih the nanoemulsion by orienting at the interface
The reduction in the area of nanoemulsion formatonld be due to Gliclazide influenced
interaction of surfactant and co-surfactant with oi

CR-EL
o000 100

100 . 0_.a0
o.00D =25 =0 TH 100
AK-IACM CAE - sz (2 - 1)

Figure 6. Pseudo-ternary diagram of CR-EL, AK-MCMand CAE +Gli clazide using
pH 1.2 SGF as dilution medium.
Selection of optimized formulation
The optimized formulation was selected based ordthg loading efficiency and consistency in
mean globule size at varying pH. The compositiagiven inTable 3

140

Scholar Research Library



Vikrant Wankhade et al Der Pharmacia Lettre, 2010, 2(4):132-143

Table 3: Composition of optimized GLICLAZIDE SNEDDS

Ingredient Quantity (mg/capsule)
Cremophore EL 195

Akoline MCM 65

Capryol 90 260
GLICLAZIDE 40

Total 560

Robustness to dilution
Nanoemulsions resulting from dilution of Gliclazi@®NEDDS with various dissolution media

were robust to all dilutions and did not show aagagation even after 24 h of storage.

Globule size analysis
The mean globule size of Gliclazide SNEDDS aftéutidin with various dissolution media is

given inTable 4. The Gliclazide SNEDDS showed fairly similar medobgle size within range

of 140-150 nm when diluted with various dissolutimedia differing in pH. The time required
for formation of nanoemulsions after dilution withrious dissolution media was less than 1 min.
The resulting nano-emulsions were translucent peapance and they did not show any signs of
phase separation and drug precipitation even @fter

Table 4: Globule size and polydispersity index of GliclazidSNEDDS at different
pH conditions

Dissolution medium Water SGF pH1.2 Buffer pH7.4
Globule size (nm) 145.8 148.0 146.2
Polydispersity index 0.746 0.914 0.712

Globule size expressed as mean (n=3) where reltivelard deviation was <10%, Data expressed as (me 3).

Effect of GLICLAZIDE loading
The amount of Gliclazide influenced the globuleesaf nanoemulsions obtained after diluting
Gliclazide SNEDDS with various dissolution medi&aeTlglobule size decreased with the decrease

in the % Gliclazide loadingd-ig. 7

I'n vitro dissolution profile

Invitro dissolution profile of optimized Gliclazide SNEDD&various dissolution media is given
in Table 5 The dissolution profile of Gliclazide SNEDDS iranous dissolution mediums
showed that 100% of Gliclazide was released wigtirmin irrespective of the pH of dissolution

medium.
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Table 5: In vitro dissolution profile of Gliclazide SNEDDS

In vitro dissolution profile of GLICLAZIDE SNEDDS

Time (min) %Cumulative release
SGF pR2 1. Phosphate Buffer pH 7.4
05 22.65+0.42 23.2 £0.651
10 58.58 + 0.810 60.50 + 0.765
15 87.51 £ 0.650 87.20 £0.452
20 9953 +1.6 100.1 £ 0.49
25 100.2 £0.860 101.0+ 0.956

Data expressed as mear).

187
190 101

200
156
155 m5%
11€ m10%
11
15%
/157

——
5%
SGFpH 1.2

F'buffer 7.4

Globule size {nm)

Figure.7: Effect of Gliclazide loading on mean globule sizef GNEDDS.

Data are expressed as mean (n=3)

CONCLUSION

The method employed in the investigation for sdreggrof SNEDDS excipients helped in
understanding the emulsification efficiency of wais surfactants for selected oily phase. It also
helped in rapid screening of large pool of co-sudats available for the peroral delivery. The
potential of Ak-MCM, to act as a co-surfactant westablished in the present investigation.
Studies on ternary phase diagrams indicated thela@lide and the pH of dilution medium
significantly affect the area of the nanoemulsiomfation for the selected system. SNEDDS of
Gliclazide exhibited rapid release independentrbbp dissolution media.
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