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ABSTRACT 

The aim of the present study was to investigate the nanoemulsion system for enhanced percutaneous penetration of glibenclamide (GLBD). 

Nanoemulsions do not need the chemical enhancers; they are advantageous over the conventional transdermal drug delivery systems. 

Pseudoternary phase diagrams were constructed in order to optimize the surfactant, cosurfactant and surfactant: cosurfactant weight ratios (Smix). 

The nanoemulsion formulation consisted of Labrafac and Triacetin (1:1, ratio) as an internal oil phase in external aqueous phase, Tween 80 as 

surfactant and diethylene glycol monoethyl ether as cosurfactant. Pseudoternary phase diagram was developed to determine the effect of the 

surfactant to cosurfactant mass ratio (Smix) on the nanoemulsion formation, a transparent region. Nine nanoemulsion formulations were selected 

and characterized. The nanoemulsion formulations had small droplet size (<117nm), uniform size distribution (PI, < 0.247), and low viscosity 

(<73.0mP). All the selected formulations were found to be stable. Novel GLBD nanoemulsion formulation could be designed and projected to be 

suitable for transdermal application. 
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INTRODUCTION 

Nanoemulsions (NE) are quaternary systems composed of an oil 

phase, a water phase, surfactant frequently in combination with 

cosurfactant1-3. These spontaneously formed systems possess precise 

physicochemical properties such as transparency, optical isotropy, low 

viscosity and thermodynamic stability. In stable nanoemulsion, 

droplet diameter is usually within the range of 10-100 nm (100–1000 

A°) 4. Due to their unique physicochemical properties, NE offer 

advantages over traditional topical and transdermal drug delivery 

formulations. Many studies have shown that NE formulations possess 

improved transdermal and dermal delivery properties both in vitro5-17, 

as well as in vivo18-22. The high solubilizing capacity of NE enables 

them to increase the solubility of poorly water-soluble drugs. Both, 

increase in solute concentration and the tendency of the drug to favor 

partitioning into the stratum corneum make NE a useful vehicle to 

enhance transdermal drug permeability23. As demonstrated by a 

recent publication18, the transdermal permeation rate of a lipophilic 

drug significantly increased from NE as compared to macroemulsions. 

In macroemulsions the free mobility of the active material between 

the internal (disperse) phase to the external (continuous) phase 

within the structure of the formulated system is limited due to the 

strong interactions between the surfactants that form tight interfacial 

film. In NE, the co-surfactant lowers the interfacial tension of the 

surfactant film, resulting in a more flexible and dynamic layer3, 14. The 

drug in this energy rich system can diffuse across the flexible 

interfacial surfactant film, a thermodynamic process that increases 

partitioning and diffusion into the stratum corneum. This article is 

intended to demonstrate the feasibility of new o/w NE system for 

transdermal delivery of glibenclamide (GLBD).  

Glibenclamide is a second generation sulphonylureas oral 

hypoglycemic agent used for the management of diabetes mellitus. It 

causes hypoglycemia by stimulating release of insulin from pancreatic 

b cells and by increasing the sensitivity of peripheral tissue to 

insulin24.Owing to its high portion of hepatic first pass metabolism 

(~50%) 25, its low molecular weight (494 Da), its moderate 

lipophilicity (Log P, 4.8) as well as its clinical effectiveness in low 

doses26, 27 (5mg to 15mg), the percutaneous application of GLBD 

provides, therefore, a preferred alternative to the oral dosage form.  

Transdermal administration of GLBD might offer some advantages 

over oral route in subject with the treatment of hyperglycemia in 

non-insulin dependent diabetes mellitus (NIDDM), but has been 

associated with severe and sometimes fatal hypoglycemic reactions 

and gastric disturbances like heartburn, nausea, vomiting, anorexia 

and increase appetite after oral therapy because of high inter 

individual variation28, 29. Since these drugs are usually intended to be 

taken for a long period, patient compliance is also very important. 

Transdermal drug delivery system (TDDS) provides a means to 

sustain drug release as well as reduce the intensity of action and 

thus reduce the side effects associated with its oral therapy. The NE 

system is a promising vehicle due to powerful ability to deliver drug 

through skins13. The stable NE system consisted of oils as 

combination of labrafac and triacetin (1:1), commonly used nonionic 

surfactant (Tween 80), non-irritant cosurfactant (diethylene glycol 

monoethyl ether) and water was prepared, its physicochemical 

properties and transdermal permeation ability of GLBD were 

characterized.  

MATERIALS AND METHODS 

Materials 

GLBD was a gift sample from Cipla (Mumbai, India). Oleoyl 
macrogol-6 glycerides / glycerides (labrafil 1944 CS), Propylene 
glycol dicaprylate/dicaprate (labrafac PG), PEG-8 caprylic/capric 
glycerides (labrasol), Propylene glycol monocaprylate (capryol 
PGMC), diethylene glycol monoethylether (transcutol P) were gift 
samples from Gattefosse SAS (France). Castor oil and olive oil were 
purchased from genuine chemicals (Mumbai, India). Triacetin 
(glycerin triacetate), tween 80, tween 20 and polyethylene glycol 
200 (PEG-200) were purchased from Ozone chemicals (Mumbai, 
India). Polyethylene glycol 400(PEG-400), propylene glycol (PG) and 
n-butanol were purchased from E-Merck (Mumbai, India).Isopropyl 
myristatae (IPM) was purchased from S.D. Fine chemicals (Mumbai, 
India). High-performance liquid chromatography (HPLC) grade 
methanol and acetonitrile (ACN) were purchased from Finar 
chemical (Ahmedabad, India). Water was obtained from Milli Q 
water purification system (Miliipore, MA). All other chemicals and 
solvents used in the study were of analytical grade. 

UHPLC/ESI-qTOF/MS Analysis of GLBD in Samples from 

Receptor 

Chromatographic conditions UHPLC system (Waters ACQUITY UPLC, 

Waters Corp., USA) coupled with Waters Q-TOF Premier TM (Synapt 
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Mass Spectrometry, Serial No. JAA272, Manchester, UK) mass 

spectrometer was used for pulmonary studies. BEH C18, 100.0 mm × 

2.1 mm; 1.7 µm (ACQUITY UPLC, Waters Corp., MA, USA) column was 

used as stationary phase. The mobile phase for UHPLC analysis 

consisted of acetonitrile: 2 Mm ammonium formate: formic acid 

(70:30: 0.1% v/v) which was degassed prior to use. The total 

chromatographic run time was 4.0 min. The flow-rate was set at 0.2 

mL min−1 and 10 µL of sample solution was injected in each run. 

Quantitation was performed using Synapt Mass Spectrometery 

(Synapt MS) of the transitions of m/z 494.0 → 369.03 for GLBD with a 

scan time of 1.0 min scan time, and 0.02 s inter-scans per transition. 

The optimal MS parameters were as follows: capillary voltage 3.0 kV, 

cone voltage 20 V, source temperature 120 ◦C and de-solvation 

temperature 350 ◦C. The optimum values for compound-dependent 

parameters like trap collision energy (Trap CE) and transfer collision 

energy were set to 13.5 and 4.0 respectively for fragmentation. 

Nitrogen was used as the de-solvation and cone gas with a flow rate of 

500 and 50 L h−1, respectively. Argon was used as the collision gas at a 

pressure of approximately 5.3 × 10−5 Torr. The accurate mass and 

composition for the precursor ions and for the fragment ions were 

collected in multi-channel analysis (MCA) mode were acquired and 

processed using Mass Lynx V 4.1 software. The MS scan and 

chromatogram for GLBD showed protonated daughter [M+H] + ions at 

m/z 494.11 → 369.03 and retention time at 1.99 min shown in Fig. 1. 

The drug was analyzed in filtrate by UHPLC/ESI-qTOF/MS. The study 

was done in triplicate 

Preparation of Nanoemulsions 

Determination of Solubility of GLBD in Oils, Surfactants and Co-

surfactants 

To find out the suitable oil which can be used as the oil phase in NE 

and provide excellent skin permeation rate of GLBD, the solubility of 

GLBD in various oils (oleic acid, IPM, olive oil, castor oil, triacetin, 

labrafac and combination of labrafac and triacetin (1:1) ratio was 

measured. The solubility of GLBD in various surfactants (sorbitan 

monolaurate, sorbitan monoleate, polyoxyethylene sorbitan 

monolaurate, Polyoxyethylenes orbitan monooleate, capryol PGMC, 

labrafil 1944 CS and labrasol) and cosurfactants (diethylene glycol 

monoethyl ether, PEG 200, PEG 400 and propylene glycol) was also 

determined. An excess amount of GLBD was added in 2.0 mL of the 

selected oil, surfactant and cosurfactant in stoppered vials (capacity 

5.0 mL) and then preliminary mixing was carried out over magnetic 

stirrer for few minutes. Later on, these vials were kept in mechanical 

bath shaker for 72 hours at 37 ± 0.5 0C. The equilibrated samples 

were centrifuged at 10,000 rpm for 15 min. The supernatant was 

separated, filtered and after appropriate dilution with methanol, 

solubility was determined by validated UHPLC/ESI-qTOF/MS. 

Construction of Pseudo-Ternary Phase Diagram 

In order to optimize surfactant and cosurfactant, phase diagrams for 

each surfactant and cosurfactant combinations were constructed by 

using aqueous titration method. The ratio of each of selected 

surfactant to cosurfactant (Smix) was kept constant (1:1) while oil to 

Smix ratio was taken 1:9. Surfactant and cosurfactant were selected on 

the basis of the number of NE points demonstrated by phase diagrams. 

After selection of surfactant and cosurfactant, their optimum 

concentration ranges were determined by detailed study of phase 

diagrams using different ratios of Smix (1:0, 1:1, 2:1, 3:1, 1:2, 1:3). For 

each Smix ratio, oil: Smix ratio was varied. Total sixteen different 

combinations of oil and Smix (1:9, 1:8, 1:7, 1:6, 1:5, 1:4, 1:3.5, 1:3, 

1:2.3, 1:2, 1:1.5, 1:1, 1:0.7, 1:0.43, 1:0.25, 1:0.1) were made so that 

maximum ratios was covered for the study to delineate the boundaries 

of phases precisely formed in the phase diagrams. Slow titration with 

aqueous phase was performed to each weight ratio of oil and Smix and 

visual observation were carried out for transparency, flowability and 

physical state of NE. For preparation of drug loaded NE, GLBD (5 

mg/mL) was added to the oil phase of the NE. 

Formulation of GLBD loaded nanoemulsion 

Nanoemulsion region being identified with the help of 

pseudoternary phase diagram, different o/w nanoemulsion 

formulations corresponding to different Smix weight ratios were 

selected so that the GLBD was added to the mixture of oil, surfactant 

cosurfactant with varying component ratio as described in Table 1, 

and then appropriate amount of water was added to the mixture 

drop by drop and the nanoemulsion containing GLBD was obtained 

by vortexing the mixture at ambient temperature30. The drug 

concentration was kept constant for all selected formulations. These 

formulations were subjected to different thermodynamic stability 

tests to assess their physical durability. 

Thermodynamic Stability of Nanoemulsions 

To assess the thermodynamic stability of drug loaded NE, clarity, 

phase separation, droplet size and drug content were evaluated 

before and after subjecting to following stress tests as previously 

reported31. 

• Heating cooling cycle: NE formulations were subjected to six cycles 

between refrigerator temperature (4°C) and 45°C (storage not less 

than 48 h at each temperature). Stable formulations were then 

subjected to centrifugation test32.  

• Centrifugation: Formulations were centrifuged at 3500 rpm for 30 

min and those that did not show any phase separation were taken 

for the freeze thaw stress test. 

• Freeze thaw cycle: Formulations which passed centrifugation test 

were subjected to three freeze thaw cycles between -21 °C and +25 

°C (storage not less than 48 h at each temperature). 

Characterization of Nanoemulsions 

Transmission Electron Microscopy (TEM) 

Morphology of the NE was studied using TEM (Philips, Netherland) 

operating at 200 KV and capable of point to point resolution. To 

procure the TEM observations, a drop of diluted nanoemulsion was 

applied to a 200 mesh copper grid and left for 2 min. After this the 

grid was kept inverted and a drop of phosphotungstic acid (PTA) 

was applied to grid for 1 sec. Combination of bright field imaging at 

increasing magnification and of diffraction modes was used to reveal 

the form and size of the NE. In order to perform the TEM 

observations, the diluted NE was deposited on the holey film grid 

and observed after drying. 

Droplet Size and Size Distribution 

Droplet size was determined by photon correlation spectroscopy 

that analyzed the fluctuations in light scattering due to Brownian 

motion of the particles33, using a zetasizer 1000HS (Malvern 

Instruments, UK).The formulation (0.1 mL) was dispersed in 50 mL 

of water in a volumetric flask, mixed thoroughly with vigorous 

shaking and light scattering was monitored at 25°C at a 90° angle. A 

solid state laser diode was used as light source. Polydispersity index 

(PI), for the formulations was determined as ratio of standard 

deviation to the mean droplet size of the formulation. 

Viscosity 

The viscosity was determined using Brookfield viscometer LV DV-E 

(Brookfield Engineering, USA) using spindle no. 2(62) in triplicate at 

25 ± 0.5 °C. 

Refractive Index and pH 

Refractive index of NE was determined using an Abbes type 

refractometer ((Erma, Japan),) at 25 ± 0.5 °C. The apparent pH of the 

formulation was measured by pH meter (Elico, India) in triplicate at 

25 ± 1ºC. 

Conductivity  

The Conductivity was determined using Conductivity Meter, 

Testronix-15 (Microlab, Mumbai, India) in triplicate at 25 ± 0.5 °C. 

RESULT AND DISCUSSION 

Screening of Oil 

Being a moderately lipophilic drug, it was very important to find out 

an appropriate solvent to dissolve GLBD, because only the dissolved 

drug can permeate through skin. In order to screen appropriate 
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solvent/s for the preparation of NE, the solubility of GLBD in various 

oils, surfactants and co-surfactants was measured. Solubility of GLBD 

in labrafac and triacetin (1:1) ratio was found to be 23.02 ±0.39 

mg/mL, which was the best among the oils investigated was selected 

as an oil phase in the present study. Based on preliminary solubility 

studies, the surfactants; tween 80 (34.00 ±0.39 mg/mL), and co-

surfactants; di-ethylene glycol mono-ethyl ether (97 ±0.41 mg/mL), 

which was the best among the surfactants and co-surfactants shown in 

Fig. 2. For the present study the oil, surfactant and cosurfactant 

selection was based on the maximum nanoemulsion region in the 

pseudo ternary phase diagram. Maximum nanoemulsion region 

provides flexibility to the formulator to load the drug in nanoemulsion. 

Constructed pseudo-ternary phase diagrams are self explanatory 

about the presence of NE region which assists easy selection of 

ingredients proportions for preparation of stable formulation. Large 

NE region would also facilitate the selection of formulation with low 

surfactant and cosurfactant concentration, desirable for preparing non 

irritating formulations. 
 

 

Fig. 1: Mass spectrum of: (A) GLBD precursor ion (protonated precursor [M+H]+ ions at m/z 494.0); (B)GLBD product ion (major 

fragmented product ion at m/z 369.03); (C) The Peaks of the GLBD 
 

Screening of Surfactant/Cosurfactant 

Aqueous titrations were done by taking polysorbate 20, tween 80, 

span 20, span80 and caprylocaproyl macrogol-8-glyceride as 

surfactant with different cosurfactant diethylene glycol mono-ethyl 

ether, PEG 200, PEG 400 and propylene glycol. Sixteen possible 

combination were made and in each combination a constant 

surfactant to cosurfactant ratio (1:1) was taken, while oil to Smix 

ratio was kept at 1:9 since higher concentration of Smix is favorable 

for maximum NE formation4,31. Each combination was titrated with 

water and the resultant physical state of NE was marked on a 

pseudo ternary phase diagram with one axis representing the water, 

one representing oil and the third representing a Smix. The 

surfactant which gave the maximum nanoemulsion region without 

the use of cosurfactant was selected as surfactant for the 

formulation. The highest solubilization capacity for oil was observed 

with Tween 80 as the maximum nanoemulsion region was found 

with the same.  

Addition of cosurfactant is necessary, which further reduces 

interfacial tension and increases the adsorption at the surface, 

where nanoemulsion region obtains at low Smix concentration. They 

can also prevent the formation of a viscous phase34. Thus co-

surfactant diethylene glycol mono-ethyl ether showed the maximum 

nanoemulsion region. After studying the results, it was found that 

the combination consisted of tween 80 as a surfactant, and 

diethylene glycol mon-oethyl ether as a cosurfactant was selected 

for the study. 

 

Fig. 2: Solubility of GLBD in different oils, surfactant and cosurfactant. IPM indicates Isopropyl myristate, PG Propylene Glycol and PEG 

=Polyethylene Glycol 
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Phase Diagram Study 

Physical appearance of all NE formulations showed no distinct 
conversion boundaries from w/o to o/w at all Smix ratios. The rest 
of the region on the phase diagram represents the turbid and 
conventional emulsions based on visual observation. Significant 
difference was seen in ternary phase diagrams of NE constructed 
with different Smix ratio in Fig. 3, a-f. 

It was observed, when tween 80 was used alone without 

diethylene glycol mono-ethyl ether (Smix ratio 1:0), very low 

amount of labrafac and triacetin could be solubilized at high 

concentration of tween 80 (Fig. 3, a). This could be attributed to 

the fact that transient negative interfacial tension and fluid 

interfacial film is rarely achieved by the use of single surfactant, 

usually necessitating the addition of a cosurfactant3, 30. At equal 

amounts of tween 80 and diethylene glycol mono-ethyl ether 

(Smix ratio 1:1), the NE region in the phase diagram increased 

significantly (Fig. 3, b) compared to that obtained at Smix ratio 1:0 

(Fig. 3, a). The presence of diethylene glycol mono-ethyl ether 

(cosurfactant) decreases the bending stress of interface and makes 

the interfacial film sufficiently flexible to take up different 

curvatures required to form NE over a wide range of compositions 
3,35. However, when concentration of diethylene glycol mono-ethyl 

ether with respect to tween 80 was increased (Smix ratio 1:2 and 

1:3) the NE area was decreased (Fig. 3, c and d, respectively) 

compared to Smix ratio 1:1 (Fig. 3. b). The decrease in the NE area 

is possibly due to presence of low concentration of tween 80 

which reduces the amount of micelles and consequently decreases 

the solubilization capacity of NE15. Moreover, NEs formed at Smix 

ratio 1:3 were unstable and showed phase separation within 24 h 

(data not shown). In contrast to this, when concentration of 

diethylene glycol mono-ethyl ether with respect to tween 80 was 

decreased (Smix ratio 2:1), the NE area was increased (Fig. 3 e) 

compared to Smix ratio 1:1 (Fig. 3 b). However, at further lower 

diethylene glycol mono-ethyl ether concentrations (Smix ratio 3:1), 

the NE area was increased (Fig. 3, f), compared to Smix ratio 1:2 and 

1:3 (Fig. 3, c and d ).In brief, system at Smix ratio 2:1 formed large 

isotropic NE region than the systems at other Smix ratios. 

 

 

Fig. 3: Pseudo-ternary phase diagrams showing the o/w nanoemulsion (shaded area) regions of existence with Labrasol and Triacetin(1:1) 

(oil), Tween-80 (surfactant), Transcutol-P (cosurfactant) at Smix ratios; (a) 1:0, (b) 1:1, (c) 1:2, (d) 1:3, (e) 2:1, (f) 3:1, (%w/w ). 

 

Selection of Formulations from Phase Diagrams 

Following criteria were chosen for the selection of formulations. 

• GLBD was added to the mixture of oil, surfactant and 

cosurfactant with varying component ratio as described in Table 1, 

and then appropriate amount of water was added to the mixture 

drop by drop and the nanoemulsion containing GLBD was obtained 

by vortexing the mixture at ambient temperature30. 

• Formulations with Smix ratio 1:0, 1:2 and 1:3 were not selected 

because the formulations were unstable and showed phase separation.  

• Based on the phase diagrams, three Smix ratios 1:1 (NE-A), 2:1 

(NE-B) and 3:1 (NE-C) were optimized. From the selected Smix 

ratios, NE compositions with 33 % (NE-A1, NE-B1, and NE-C1), 45 % 

(NE-A2, NE-B2, NE-C2) and 55 % (NE-A3, NE-B3, NE-C3) Smix ratios 
were selected from the region of existence (Table 1). 

Characterization of Nanoemulsions 

In this work, the influence of concentration of NE components and 

GLBD on the characteristics of NE was studied The TEM analysis 

revealed that NEs droplets were spherical in shape, discrete with 

size in nanometer range (< 117nm) (Fig. 4). 
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Table 1: Composition of Selected Nanoemulsion Formulations 

Smix Ratio a Formulation Code b Percent w/w of Components in Formulation 
Oil (%) Water (%) Smix (S + CoS) (%) 

Formulation NE-A 
Smix ratio = 1:1 

NE-A1 10 57 33 
NE-A2 15 40 45 
NE-A3 18 27 55 

Formulation NE-B 
Smix ratio = 2:1 

NE-B1 10 57 33 
NE-B2 15 40 45 
NE-B3 18 27 55 

Formulation NE-C 
Smix ratio = 3:1 

NE-C1 10 57 33 
NE-C2 15 40 45 
NE-C3 18 27 55 

 a Surfactant/cosurfactant ratio; 

b NE represents nanoemulsion; A, B and C represents Smix ratio 1:1, 2:1 and 3:1, respectively; Suffix 1,2 and 3 represents Smix concentration 33, 45 

and 55 %, respectively. 

 

Fig. 4: Transmission electron microscopic positive image of GLBD nanoemulsion 
 

Values of polydispersity index (PI), which is a measure of uniformity 

of droplet size within the formulation, were also calculated. A small 

droplet sizes are very much prerequisite for drug delivery as the oil 

droplets tend to fuse with the skin thus providing a channel for drug 

delivery36. All the NE formulations exhibited a narrow size 

distribution (PI < 0. 0.247) (Table 2). The results of particle size 

analysis (Table 2) were in agreement with the droplet size measured 

by TEM photograph (Fig. 4). The mean droplet size of drug free NE-B 

formulations ranges from 60.00 to 75 nm, which was lower as 

compared to the drug free NE-A (80.02 to 96.03 nm) and NE-C 

formulations (101.67 to 117.05 nm) (Table 2). It is hypothetically 

described that at the optimum Smix ratio (2:1 for present study) the 

diethylene glycol monoethyl ether was exactly inserted into the 

cavities between the tween 80 molecules, causing the interfacial film 

to condense and stabilize, resulting in smallest droplet diameters 

(60.00±2.756) with lowest poly dispersity value (0.131±0.034). 

Higher the PDI, lower the uniformity of the droplet size in the 

formulation37. Viscosity of all the NE formulations was very low as 

expected for o/w emulsion38 (Table 2). When formulations with 

different Smix ratios were compared, the minimum viscosity values 

were obtained for NE formulations (29.14±2.82 to 86.00±0.577mP) 

(Fig 4). Refractive index is the net value of the components of NE 

and indicates isotropic nature of formulation. The data in Table 3 

indicates that the mean value of the refractive index for all the 

formulations was approximately similar. The conductivity 

measurements (0.135±0.08–0.259 ±0.13 mS/cm) indicated the 

nature of NEs to be of oil-in-water type. All the NE formulations had 

pH values ranging from 6.2 to 6.74, favorable for topical 

application39. It was observed that incorporation of drug did not 

significantly affect the pH values of NEs. 
 

Table 2: Physical Characteristics of Nanoemulsion Formulations (Mean ± SD, n = 3) 

Formulation Droplet Size (nm) Polydispersity Viscosity (mP) Refractive Index Conductivity 

(ms/cm) 

NE-A1 80.02±1.751 0.208 ±0.041 62.89±3.09 1.406±0.002 0.242 ±0.16 

NE-A2 89±012.250 0.221±0.022 52.66±0.942 1.410±0.023 0.209 ±0.04 

NE-A3 96.03±2.852 0.231±0.017 46.00±0.577 1.406±0.008 0.139±0.03 

NE-B1 69.02±3.053 0.151±0.041 34.00±0.816 1.407±0.026 0.259 ±0.13 

NE-B2 60.00±2.756 0.131±0.034 29.14±2.82 1.402±0.006 0.219 ±0.12 

NE-B3 74.36±0.241 0.185±0.065 41.33±0.235 1.404±0.011 0.172±0.07 

NE-C1 101.67±13.48 0.214±0.115 72.66±0.942 1.409±0.001 0.239 ±0.21 

NE-C2 110.39±0.074 0.201±0.029 86.00±0.577 1.408±0.002 0.189 ±0.32 

NE-C3 117.05±2.253 0.247±0.052 69.00±0.816 1.398±0.002 0.135±0.08 
 

Thermodynamic Stability of Nanoemulsions 

Stress test including heating cooling cycle, centrifugation and freeze 

thaw cycles showed that all the formulations had a good physical 

stability. After three months, GLBD was found to be stable with 

recovery > 97 % for all the formulations. No significant change in the 

mean values of the refractive index of the formulations was 

observed during 3 months (data not shown). Thus, it can be 

concluded that the NE formulations were not only physically stable 

but also chemically stable.  
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CONCLUSION 

The size and region of existence of nanoemulsion was strongly 

influenced by the presence of surfactant and cosurfactant in the 

system. Selection of components for nanoemulsion formulation was 

based on maximum nanoemulsion region facilitated by the different 

components. Crucial steps for formulation of GLBD as nanoemulsion 

was carried out successfully. The GLBD thermodynamically stable 

o/w NE systems were prepared and characterized. The results of 

above formulation suggested that in future, nanoemulsion 

formulation in the form of dermal gel can be prepared effectively for 

both ex-vivo and in vivo studies. It could be concluded that 

nanoemulsion system can be introduced as a novel transdermal 

formulation for GLBD.  

ACKNOWLEDGEMENTS 

We would like to thank Management and Principal, Humera Khan 

College of Pharmacy, Jogeshwari (W) Mumbai for providing facilities 

to carry out this work. 

REFERENCES 

1. Tenjarla S. Microemulsions: an overview and pharmaceutical 
applications: Crit Rev. Ther. Drug Carrier Syst. 1999; 16: 46-521. 

2. Li P, Ghosh A, Wagner RF, Krill S, Joshi YM, Serajuddin AT. 
Effect of combined use of nonionic surfactant on formation of 
oil-in-water microemulsions. Int. J. Pharm. 2005; 288: 27-34. 

3. Maghraby GMEl. Transdermal delivery of hydrocortisone from 
eucalyptus oil microemulsion: Effects of cosurfactants. Int. J. 
Pharm. 2008; 355: 285-92. 

4. Sintov CA, Shapiro L. New microemulsion vehicle facilitates 
percutenous penetration in vitro and cutaneous drug 
bioavailability in vivo. J. Control Release. 2004; 95: 173-83. 

5. Dixit N, Kohli K, Baboota, S. Nanoemulsion system for the 
transdermal delivery of a poorly soluble cardiovascular drug. 
PDA J. Pharm. Sci. Technol. 2008: 62: 46-55. 

6. Khandavilli S, Panchagnula R. Nanoemulsions as versatile 
formulations for paclitaxel delivery: peroral and dermal 
delivery studies in rats. J. Invest. Dermatol. 2007; 127: 154-62. 

7. Shevachman M, Garti N, Shani A, Sintov AC. Enhanced 
percutaneous permeability of diclofenac using a new U-type 
dilutable microemulsion. Drug Dev. Ind. Pharm. 2008; 34: 403-12. 

8. Baboota S, Al-Azaki A, Kohli K, Ali J, Dixit N, Shakeel F. 
Development and evaluation of a nanoemulsion formulation 
for transdermal delivery of terbinafine PDA. J. Pharm. Sci. 
Technol. 2007; 61: 276–285.  

9. Kantarci G, Ozgüney I, Karasulu HY, Arzik, S, Güneri T. Comparison 
of different water/oil microemulsions containing diclofenac 
sodium: preparation, characterization, release rate, and skin 
irritation studies. AAPS Pharm. Sci. Tech., 2007; 8: E 91.  

10. Huang YB, Lin YH, Lu TM, Wang RJ, Tsai YH, Wu PC. 
Transdermal delivery of capsaicin derivative-sodium 
nonivamide acetate using microemulsions as vehicles. Int. J. 
Pharm. 2008; 349: 206-11. 

11. Junyaprasert VB, Boonsaner P, Leatwimonlak S, Boonme P. 
Enhancement of the skin permeation of clindamycin phosphate 
by Aerosol OT/1- butanol microemulsions. Drug Dev. Ind. 
Pharm. 2007; 33: 874-80. 

12. Junyaprasert VB, Boonme P, Songkro S, Krauel K, Rades T. 
Transdermal delivery of hydrophobic and hydrophilic local 
anesthetics from o/w and w/o Brij 97-based microemulsions. J. 
Pharm. Pharm. Sci. 2007; 10: 288-98. 

13. Kamal MA, Iimura N, Nabekura T, Kitagawa S. Enhanced skin 
permeation of diclofenac by ion-pair formation and further 
enhancement by microemulsion. Chem. Pharm. Bull. 2007; 55:368-
71.  

14. Lee PJ, Langer R, Shastri VP. Novel microemulsion enhancer 
formulation for simultaneous transdermal delivery of hydrophilic 
and hydrophobic drugs. Pharm. Res. 2003; 20:264-269. 

15. Yuan JS, Ansari M, Samaan M, Acosta EJ. Linker-based lecithin 
microemulsions for transdermal delivery of lidocaine. Int. J. 
Pharm. 2008; 349: 130-43.  

16. Yuan Y, Li SM, Mo FK, Zhong DF. Investigation of 
microemulsion system for transdermal delivery of meloxicam. 
Int. J. Pharm. 2006; 321: 117-23. 

17. Biruss B, Kahlig H, Valenta C. Evaluation of eucalyptus oil 
containing topical drug delivery system for selected steroid 
hormones. Int. J. Pharm. 2007; 328: 142-51. 

18. Shevachman M, Garti N, Shani A, Sintov AC. Enhanced 
percutaneous permeability of diclofenac using a new U-type 
dilutable microemulsion. Drug Dev. Ind. Pharm. 2008;34:403-12. 

19. Shakeel F, Baboota S, Ahuja A, Ali J, Aqil M, Shafiq S. 
Nanoemulsions as Vehicles for Transdermal Delivery of 
Aceclofenac. AAPS Pharmaceutical Science and Technology. 
2007; 8(4): E104. 

20. Ambade KW, Jadhav SL, Gambhire MN, Kurmi SD, Kadam VJ, 
Jadhav KR. Formulation and evaluation of flurbiprofen 
microemulsion. Curr. Drug Deliv. 2008; 5:32-41. 

21. Zhao X, Liu JP, Zhang X, Li Y. Enhancement of transdermal 
delivery of theophylline using microemulsion vehicle. Int. J. 
Pharm. 2006; 327: 58-64. 

22. Paolino D, Ventura CA, Nisticò S, Puglisi G, Fresta M. Lecithin 
microemulsions for the topical administration of ketoprofen: 
percutaneous adsorption through human skin and in vivo 
human skin tolerability. Int. J. Pharm. 2002; 244:21-31. 

23. Sintov AC Botner S. Transdermal drug delivery using 
microemulsion and aqueous systems: Influence of skin storage 
conditions on the in vitro permeability of diclofenac from 
aqueous vehicle systems. Int. J. Pharm. 2006; 311, 55. 

24. Davis SN, Granner DK. Insulin, oral hypoglycemic agents and 
the pharmacology of endocrine pancreas. In The 
Pharmacological Basis of Therapeutics, 9th Ed.; Gilman, A.G., 
Ed.; McGraw Hill: New York, 1996; 1487–1518. 

25. Ishida M, Nambu N, Vagai T. Highly viscous gel ointment 
containing carbopol for application to the oral mucosa. Chem 
Pharm Bull. 1983; 31: 4561-4564.  

26. Dollery C. Ed. Therapeutic drugs, Churchill Livington: 
Edinburgh; 1999. D196-D201. 

27. Guy RH, Hadgraft J. In Transdermal drug delivery, 
developmental issues and research initiatives. Eds; Marcel 
Dekker: New York, 1990; pp. 59-8. 

28. Gorus FK, Schuit FC, Intveld PA. Interaction of sulfonyl ureas 
with pancreatic beta cells-A study with gliburide. Diabetes. 
1988; 37:1090-5.  

29. Ikegami H, Shima K, Tanaka A, Tahara Y, Hirota M, Kumahara Y. 
Interindividual variation in the absorption of glibenclamide in 
man. Acta Endocrinol Copenh.1986; 111: 528-32. 

30. Chen H, Chang X, Weng T, Du D, Li J, Xu H, Yang X. 
Microemulsion-based hydrogel formulation of ibuprofen for 
topical delivery. Int. J. Pharm. 2006; 315: 52-58. 

31. Faiyaz S, Shafiq S, Sushma T, Farhan J, Khar R, Ali M. Development 
and bioavailability assessment of ramipril nanoemulsion 
formulation, Eur. J. Pharm. Biopharm. 2007; 66: 227– 243.  

32. Saranya S, Chandrasekaran N, Amitava M. Antibacterial activity 
of eucalyptus oil nanoemulsion against Proteus Mirabilis. Int J 
Pharm Pharm Sci. 2012; 4: 668-671. 

33. Attwood D, Mallon C, Ktistis G, Taylor CJ. A study on factors 
influencing the droplet size in nonionic oil-in-water 
microemulsions. Int J Pharm. 1992; 88: 417-422. 

34. Talegaonkar S, Azeem A, Ahmad FJ, Khar RK, Pathan SA, Khan 
ZI. Microemulsions: A novel Approach to Enhanced Drug 
Delivery. Recent Patents on Drug Delivery and formulation. 
2008; 2: 238-257. 

35. Kawakami K, Yoshikawa T, Moroto Y, Kanaoka E, Takahashi K, 
Nishihara Y, Masuda K. Microemulsion formulation for 
enhanced absorption of poorly soluble drugs I. Prescription 
design. J. Control Release. 2002; 81: 65-74. 

36. Jignesh DM, Jayvadan KP. Nanoemulsion-Based Gel 
Formulation of Aceclofenac for Topical Delivery. Int J Pharm 
Pharm Sci. 2011; 1: 6-12. 

37. Gao Z, Choi H, Shin H, Park K, Lim S, Hwang K, Kim C. 
Physicochemical characterization and evaluation of a 
microemulsion system for oral delivery of cyclosporine A. Int J 
Pharm. 1998; 161: 75–86. 

38. Lawrence MJ, Rees GD. Microemulsion-based media as novel 
drug delivery systems. Adv. Drug Deliv. Rev., 2000; 45: 89-121. 

39. Baboota S, Shakeel F, Ahuja A, Ali J, Shafiq S. Design, 
development and evaluation of novel nanoemulsion 
formulation for transdermal potential of celecoxib. Acta Pharm. 
2007; 57: 315-332.  

 


