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Abstract: 

 

In the present investigation the effect of chain length difference (Δn) of 

different surfactant mixtures was evaluated on self emulsifying capability 

of self emulsifying drug delivery system of aceclofenac. Three surfactants 

of Tween series namely Tween 20, Tween 40 and Tween 80 were used for 

the study. The lipid carrier used was almond oil. Surfactant mixtures were 

prepared by combining Tween 20 and Tween 80 (Δn=6), Tween 20 and 

Tween 40 (Δn=4), Tween 40 and Tween 80 (Δn=2) in definite proportion. 

Pseudoternary diagram study was carried out to determine the surfactant 

mixture which provides the largest microemulsifying region. The 

pseudoternary diagram study revealed that the microemulsifying region 

increases as the difference in chain length increases. So, Tween 80 and 

Tween 20 were selected for formulation development, the proportion of 

which is further optimized by simplex lattice design. The formulations 

were prepared and subjected to different evaluation parameters. The 

optimized formulation has a particle size of 68.95 nm and zeta potential of 

-15.3 mV. 

 

Keywords: Self emulsifying drug delivery system, microemulsion, 

globule size, zeta potential, tyndall effect, simplex lattice design 

 

1. Introduction 

 

Self emulsifying drug delivery systems (SEDDS) are one of the most promising drug delivery system to 

overcome poor solubility of drugs. These are mixtures of a lipid carrier, surfactants and co-surfactants which 

spontaneously emulsify on dilution. Self emulsifying drug delivery systems can improve permeability and 

help to overcome gastro-intestinal instability[1]. Self emulsifying drug delivery system improves drug 

bioavailability by enhanced gut absorption owing to  surfactant action[2]. SEDDS spontaneously disperse in 

micro-droplets on aqueous dilution which facilitates their lymphatic transport and prevent first pass 

metabolism[3].  

Surfactants are amphiphilic molecules with both polar and non-polar character. Thus surfactants are desired 

excipients for a number of pharmaceutical preparations owing to their amphiphilic properties[4].Above 

critical micelle concentration surfactants form a hydrophobic core surrounded by hydrophilic surface in a 

polar solvent. Poorly soluble drug gets entrapped in the hydrophobic core and gets solubilized[5]. Surfactant 

when combined together forms mixed surfactant systems which remains an area of research amongst various 
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researchers[6]. The structural parameters of surfactants, specially the chain length of surfactants has most 

prominent effect on globule size, permeability, entrapment efficiency and stability of lipid vesicles[7]. Thus 

behavior of surfactants in mixed miceller systems remains a field of study[8].  

Tweens are the most commonly employed nonionic food-grade surfactants. Tweens surfactants differ only in 

alkyl chain length which makes them ideal for study of chain length effect on emulsification dynamics of self 

emulsifying drug delivery system[9]. Also it has been found earlier by some workers that mixed surfactant 

systems have good emulsifying ability as compared to single surfactant[10].  

Chai JL et al. studied the solubilization parameters of Tween containing microemulsions and found that the 

solubilization was highest with Tween 60 followed by Tween 80 and Tween 20[11].  

Maulvi FA studied the effect of chain length of sodium caprylate, Tween 20 and Tween 80 as well as effect 

of molecular weight of block copolymers on cyclosporine microemulsion which was loaded on hydrogel 

contact lenses[12].  

Earlier a different study was carried out in which effect of chain length of Tween surfactants was assessed on 

self emulsifying ability of poorly soluble drug aceclofenac in which it has been found that as the chain length 

increases the self emulsifying ability of Tween surfactant increases when a common co-surfactant PEG-400 

was used but in this study difference in chain length of Tween surfactants was determined on emulsification 

ability of self emulsifying system of aceclofenac[13]. 

Self emulsifying drug delivery system can be employed for BCS Class II and BCS Class IV drugs to enhance 

their bioavailability due to poor solubility. The excipients used in formulating self emulsifying drug delivery 

system plays a crucial role in improving absorption and hence bioavailability of poorly soluble drugs[14]. 

Aceclofenac is one of the BCS Class II drug. Aceclofenac is a non steroidal anti-inflammatory drug which is 

widely used in treatment of acute and chronic pain associated with various maladies with minimum risk of 

adverse effect[15]. So aceclofenac is an ideal candidate to study the effect of surfactant mixtures on self 

emulsifying drug delivery systems. 

The aim of present investigation is to study the effect of difference in chain length of Tween surfactants on 

self emulsifying drug delivery system of aceclofenac.  

 

2. Materials and methods 

 

2.1 Materials 

Tween 20, Tween 40 were purchased from Loba Chemie; Tween 80 was purchased from S. D. Fine-Chem 

Limited. Almond oil was purchased from Dabur India Limited. The model drug aceclofenac was gifted from 

Wilcure Remedies Pvt. Limited, Indore. 

Distilled water was used for construction of pseudoternary phase diagrams and dilutions. All other reagents 

and chemicals used were of analytical grade.  

 

2.2 Methods 

 

2.2.1 Selection of oil, surfactant and co-surfactant 

The selection of oil, surfactant and co-surfactant was based on capacity of oil to solubilize the drug 

aceclofenac. Additionally, the surfactants and co-surfactants were examined for their capacity to solubilize 

the selected oil. Aceclofenac in excess amount was added to vials containing test vehicles. The vials were 

subjected to continuous shaking up to 24 hours. After 24 hours the equilibrated samples were subjected to 

centrifugation at 5000 rpm for 10-15 minutes to remove the precipitate. The supernatant liquid obtained after 

centrifugation was filtered using 0.45 μm filter. The dilution of supernatant liquid was done with methanol. 

The solubility of aceclofenac was determined by the aid of UV-Visible spectrophotometer (UV1800, 

Shimadzu Corporation, Japan) at λmax of 275 nm[16][17]. All the samples were analyzed in triplicate.  

 

2.2.2 Pseudoternary phase diagram study 

The pseudoternary phase diagrams were constructed using almond oil, Smix 1 (Tween 80 and Tween 20), 

Smix 2 (Tween 40 and Tween 20), Smix 3 (Tween 80 and Tween 40) and water. The compositions of Smix 

1, Smix 2 and Smix 3 is shown in Table 1. The phase diagrams were pseudoternary when mixture of two 

surfactants were used. Oil and Smix were combined in different weight/weight ratios: 1:9, 2:8, 3:7, 4:6, 5:5, 

6:4, 7:3, 8:2 and 9:1. This combination of oil and Smix was prepared for all the three Smix. The different 

combinations of oil and Smix were prepared with the aid of magnetic stirrer with slight heating. The mixtures 

were then transferred to beaker and water was added in 5% w/w increments till the final mixture contain 95% 

w/w of water. The addition of water was done along with continuous stirring at 37ºC by the aid of magnetic 
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stirrer. A visual examination has been done for transparent to translucent mixtures to identify the 

microemulsifying region. The experiment has been performed thrice and good correlation between all the sets 

of experiment has been observed[18][19].  

 

Table 1: Different ratios of surfactants used 

S. No. Smix Surfactant 1 Surfactant 2 Difference in chain length 

of two surfactants (Δn) 

Ratio of Surfactant: 

Surfactant (Smix) 

1. 1 Tween 20 Tween 80 6 1:1 

2. 2 Tween 20 Tween 40 4 1:1 

3. 3 Tween 40 Tween 80 2 1:1 

 

2.2.3 Simplex lattice experimental design 

One of the standard mixture design that is widely used for formulation and optimization is simplex lattice 

design. In the present study simplex lattice design was used to optimize the formulation components for 

emulsification time, percentage transmission and drug release in 15 minutes. Seven runs were performed and 

the  design points were represented on an equilateral triangle. The obtained data was fitted to most suitable 

model. Mathematical equations were generated which defines the relationship of one or combination of 

components on selected parameters[20][21]. The procedure for determination of emulsification time, 

percentage transmission and drug release are described under characterization section. 

 

2.2.4 Preparation of self emulsifying drug delivery system of aceclofenac 

Oil, surfactant and co-surfactant in a proportion pre-determined by pseudoternary diagram study and simplex 

lattice experimental design were used for formulation development. The selected ratios of surfactant and co-

surfactant were taken and moderately stirred using magnetic stirrer with hotplate. To the prepared mixtures 

100 mg of drug was added with continuous stirring on magnetic stirrer till a homogeneous mixture is formed. 

Finally, the oil is added with slight heating at 40ºC to form an isotropic preconcentrate. The proportion of 

each component was adjusted in such a way to give a final batch weight of 10 g. Different batches were 

prepared and subjected to evaluation after being equilibrated for 24 hours[22][23]. The self emulsifying drug 

delivery systems of aceclofenac were prepared using the excipient proportions as shown in Table 2. 

 

Table 2: Composition of SEDDS formulations of aceclofenac 
Formulation code Drug (mg) Almond oil proportion Tween 80 proportion Tween 20 proportion 

F1 100 0.50 0.30 0.20 

F2 100 0.30 0.40 0.30 

F3 100 0.40 0.30 0.30 

F4 100 0.20 0.40 0.40 

F5 100 0.40 0.40 0.20 

F6 100 0.30 0.30 0.40 

F7 100 0.30 0.50 0.20 

 

2.2.5 Characterization of self emulsifying drug delivery system of aceclofenac 

2.2.5.1 Emulsification time 

1 g of the self emulsifying preconcentrate was taken and filled into a hard gelatin capsule. The capsule is 

placed in 250 mL of 0.1N HCl, at 50 rpm at 37 ±0.5°C and dispersed using paddle type dissolution apparatus 

(EDT-406Lx, Electrolab India Private Limited, India) at 50 rpm. The samples are withdrawn at 5 minutes 

intervals and inspected visually for self-emulsification. The time taken for formation of spontaneous 

dispersion is noted[24]. 

 

2.2.5.2 Percentage transmission 

In 100 mL of distilled water 0.1 mL of the self emulsifying preconcentrate was added  and stirred at 50 rpm 

at 37 ±0.5°C for 5 minutes. For each dilution percentage transmission was measured using UV-Visible 

spectrophotometer (UV1800, Shimadzu Corporation, Japan) at 650 nm. All samples were analyzed in 

triplicate[25]. 
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2.2.5.3 pH 

The pH of all the formulations was determined by using digital pH meter (HI-98107, PHeP®, Hanna, USA). 

The readings were taken in triplicate and the mean was calculated[26]. 

Globule size, polydispersity index and zeta potential analysis 

A dispersion of self emulsifying preconcentrate was prepared by adding 100 mL of distilled water to 0.1 mL 

of self emulsifying preconcentrate. The mean globule size. polydispersity index and zeta potential was 

determined using Malvern Zetasizer (Malvern, Nano Series ZS90, Malvern Instruments Limited, UK) at 

25°C. All the measurements were done in triplicate[27].  

 

2.2.5.4 Rheology 

The viscosity of prepared self emulsifying pre-concentrate was determined by the aid of Brookfield 

viscometer DV-II+ (Brookfield Engineering Laboratories, Inc., USA) using spindle SC4-34LV. The 

assemble was attached to circulating water bath the temperature of which is maintained at 25° ± 0.5°C. All 

the measurements were done in triplicate[28].   

 

2.2.5.5 Refractive index 

The Abbe’s refractometer was used to determine the refractive index of the prepared self emulsifying drug 

delivery system of aceclofenac at 25° ± 1°C. Distilled water was used for calibration of refractometer. All 

readings were taken in triplicate[29][30]. 

 

2.2.5.6 Tyndall effect 

1 ml of optimized self emulsifying pre-concentrate, F16 was diluted up to 100 ml with distilled water. A laser 

beam is passed from the dilution and is visually examined for scattering of light[28][31]. 

 

2.2.5.7 Drug content 

5 ml of the prepared formulations were dissolved separately in 25 ml of ethanol in a 100 ml volumetric flask 

and volume was made up t0 100 ml by methanol. The mixture is shaken well for 15-20 minutes and kept for 

24 hours. The solution was filtered through 0.45 µm filter paper. The filtrate was assayed 

spectrophotometrically at 275 nm using UV-Visible spectrophotometer[32][33]. 

 

2.2.5.8 In vitro dissolution study 

In vitro dissolution study of aceclofenac self emulsifying system at three different pH by using dissolution 

media as 0.1 M hydrochloric acid pH 1.5, acetate buffer pH 4.5 and phosphate buffer pH 6.8 was performed 

by the aid of USP II dissolution apparatus (EDT-406Lx, Electrolab India Private Limited, India) at 37 ± 

0.5°C. 1 mL of the self-emulsifying preconcentrate was taken in 900 mL of dissolution media rotated at 100 

rpm for 240 minutes. 5 mL aliquots were withdrawn at 5, 15, 30, 45, 60, 90, 120, and 240 minutes. The 

samples were then filtered using 0.45 μm filter. To maintain the sink condition immediate replacement with 

the equivalent volume of fresh dissolution medium equivalent was done after withdrawal. Samples were 

analyzed using UV-Visible spectrophotometer at 275 nm and percent dissolution efficiency at 5, 15, 30, 45, 

60, 90, 120, 180 and 240 minutes was calculated[34][35]. 

 

2.2.5.9 Statistical analysis 

One way ANOVA was used to determine significance of obtained data. Throughout the study p-values < 0.05 

were considered significant throughout the study. All the measurements were done in triplicate in whole 

study. The data was analysed using Excel software (Excel 365, Microsoft, USA)[36][37]. 

 

3. Results and discussion 

 

3.1 Selection of oil, surfactant and co-surfactant 

The selected oil and surfactants are almond oil, Tween 20, Tween 40 and Tween 80. The solubility of 

aceclofenac in almond oil, Tween 20, Tween 40 and Tween 80 is shown in Table 3. 
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TABLE 3: Solubility of drug in different vehicles 

S. No. Name of Excipient Solubility (mean ± SD, n = 3) (mg/mL) 

1. Almond oil 58.89 ± 1.2 

2. Tween 20 142.24 ± 3.1 

3. Tween 40 150.31 ± 3.2 

2. Tween 80 62.42 ± 2.3 

 

3.2 Pseudoternary phase diagram study 

The phase diagrams were constructed using almond oil; Tween 20, Tween 40 and Tween 80 combined in 1:1 

ratio as shown in Table 1 and water. The pseudoternary phase diagrams are shown in Figure 1, Figure 2 and 

Figure 3. As it is evident from the pseudoternary diagram study that the largest self emulsifying region is 

observed when combination of Tween 20: Tween 80 was used as Smix i.e. when the value of difference in 

chain length is 6 (Δn = 6). When the combination Tween 20: Tween 40 was used as Smix i.e when the value 

of difference in chain length is 4 (Δn = 4) the self emulsifying region obtained is comparatively less than 

when Δn = 6, but slightly more than when the combination Tween 40: Tween 80 is used as Smix i.e when 

difference in chain length is 2 (Δn = 2).   

So it is clearly observed that larger self emulsifying region is observed when difference in chain length is 

more and follows the order Δn = 2 <Δn = 4 <Δn = 6. The reason which can be attributed to this observation is 

that there is possibility that when two surfactants chain have larger difference in chain length, the smaller 

chain surfactant can get accommodated easily between the larger chain surfactants and provides better 

shielding to the hydrophobic core. As the difference in chain length decreases the compact packing of two 

different chain decreases and the shielding of hydrophobic core decreases which in turn is evident by the 

smaller self emulsifying region observed[6][38]. 

 

 
Figure 1: Pseudoternary phase diagram of almond oil, Smix (Tween 20: Tween 80 in 1:1 ratio) and 

water containing system(the shaded region represents the microemulsifying region) 
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Figure 2: Pseudoternary phase diagram of almond oil, Smix (Tween 20: Tween 40 in 1:1 ratio) and 

water containing system(the shaded region represents the microemulsifying region) 

 

 
Figure 3: Pseudoternary phase diagram of almond oil, Smix (Tween 40: Tween 80 in 1:1 ratio) and 

water containing system (the shaded region represents the microemulsifying region) 
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3.3 Simplex lattice experimental design 

3.3.1 Emulsification time 

The emulsification time for prepared batches is shown in Table 4. The data is analyzed by regression for 

mixtures at 95% confidence interval.  ANOVA was applied to establish correlation between emulsification 

time and excipients concentration. Emulsification time depends on relative proportions of almond oil, Tween 

80 and Tween 20. The mixture contour plot and mixture surface plot for emulsification time is presented in 

Figure 4 (A and B). It is evident from mixture contour plot and mixture surface plot that as the proportion of 

Tween 80 and Tween 20 increases the emulsification time decreases; with increase in proportion of oil it 

increases.  The model fit summary is presented in Table 5, which indicates good fit with R square value of 

86.23% and adjusted R square value of 79.34%. ANOVA indicates good correlation between excipients 

concentration and emulsification time (p value < 0.05). Multiple regression analysis is used to generate 

equation 1, the high coefficient of oil (62.48) indicates that increase in concentration of oil will lead to 

increase in emulsification time, negative coefficient of Tween 80 (-17.52) indicates that increase in 

concentration of Tween 80 leads to decrease in emulsification time, low coefficient of Tween 20 (24.48) 

indicates that concentration of Tween 20 has comparatively little effect on emulsification time. 

YET= 62.48A – 17.52B + 24.48C + 194AB + 344AC - 406BC………… (1) 

In above equation A, B, C are almond oil, Tween 80 and Tween 20 respectively. The terms AB, AC and BC 

shows interaction between main effects A, B and C. 

 

 
FIGURE 4: A: Mixture contour plot of emulsification time, B: Mixture surface plot of emulsification 

time 

 

3.3.2 Percentage transmission 

The percentage transmission for prepared batches is shown in Table 4. The data is analysed by regression for 

mixtures at 95% confidence interval. ANOVA was applied to establish correlation between percentage 

transmission and excipients concentration. 

Percentage transmission depends on relative proportions of almond oil, Tween 80 and Tween 20. The 

mixture contour plot and mixture surface plot for percentage transmission is presented in Figure 5. It is 

evident from mixture contour plot and mixture surface plot that as the proportion of Tween 80 and Tween 20 

increases the percentage transmission increases. The model fit summary is presented in Table 5, which 

indicates good fit with R square value of 77.86% and adjusted R square value of 66.80%. ANOVA indicates 

good correlation between excipients concentration and emulsification time (p value < 0.05). Multiple 

regression analysis is used to generate equation 2, the high coefficient of Tween 80 (106.24) and Tween 20 

(89.15) indicates that increase in concentration of Tween 80 and Tween 20 will lead to increase in percentage 

transmission, relatively low coefficient of almond oil (81.67) indicates that concentration of almond oil has 

comparatively low effect on percentage transmission. 

YPT= 81.67A + 106.24B + 89.15C - 115AB + 11AC + 95BC………  (2) 

In above equation A, B, C are almond oil, Tween 80 and Tween 20 respectively. The terms AB, AC and BC 

shows interaction between main effects A, B and C. 
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FIGURE 5: A: Mixture contour plot of percentage transmission, B: Mixture surface plot of percentage 

transmission 

 

3.3.3 Drug release in 15 minutes 

The drug release in 15 minutes for prepared batches is shown in Table 8. The data is analysed by regression 

for mixtures at 95% confidence interval. ANOVA was applied to establish correlation between drug release 

in 15 minutes and excipients concentration. 

Drug release depends on relative proportions of almond oil, Tween 80 and Tween 20. The mixture contour 

plot and mixture surface plot for drug release is presented in Figure 6. It is evident from mixture contour plot 

and mixture surface plot that as the proportion of Tween 80 and Tween 20 increases the drug release 

increases; with increase in proportion of oil it decreases. The model fit summary is presented in Table 9, 

which indicates good fit with R square value of 85.38% and adjusted R square value of 78.06%. ANOVA 

indicates good correlation between excipients concentration and emulsification time (p value < 0.05). 

Multiple regression analysis is used to generate equation 6, the high coefficient of Tween 80 (64.52) and 

Tween 20 (47.70) indicates that increase in concentration of Tween 80 and Tween 20 will lead to increase in 

drug release. 

YDR = 8.74A + 64.52B + 47.70C - 128AB -246AC +167BC………… (3) 

In above equation A, B, C are almond oil, Tween 80 and Tween 20 respectively. The terms AB, AC and BC 

shows interaction between main effects A, B and C. 

An overlay contour plot of emulsification time, percentage transmission and drug release in 15 minutes is 

shown in Figure 7. The overlay plot is plotted by the overlapping of contour plots of emulsification time, 

percentage transmission and drug release in 15 minutes.  The white region in the figure below indicates the 

feasible region for emulsification time within upper and lower limits of 50 seconds and 1 second respectively, 

for percentage transmission for upper and lower limits of 100% and 90% respectively, drug release in 15 

minutes for upper and lower limits of 50% and 25% respectively. 
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FIGURE 6: A: Mixture contour plot of percentage transmission, B: Mixture surface plot of percentage 

transmission 

 

 
Figure 7: Overlay plot of emulsification time, percentage transmission and drug release in 15 minutes 

 

Table 4: Emulsification time, Percentage transmission and Drug release in 15 minutes of prepared 

design formulations 

Formulation 

code 

Emulsification time 

(seconds) 

Percentage transmission 

(%) 

Drug release in 15 minutes 

(%) 

FD1 34 ± 2 90.47 ± 0.11 32.26 ± 0.33 

FD2 10 ± 1 96.28 ± 0.27 47.82 ± 0.41 

FD3 30 ± 1 94.21 ± 0.32 43.20 ± 0.57 

FD4 8 ± 1 97.72 ± 0.49 50.31 ± 0.25 

FD5 24 ± 1 90.21 ± 0.31 44.21 ± 0.32 

FD6 20 ± 2 88.34 ± 0.24 30.20 ± 0.39 

FD7 36 ± 1 89.26 ± 0.53 34.26 ± 0.42 
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Table 5: Model summary  

Parameter S R-sq R-sq(adj) PRESS R-sq(pred) 

Emulsification time 5.05776 86.23% 79.34% 243.101 67.27% 

Percentage transmission 2.12347 77.86% 66.80% 35.6613 56.23% 

Drug release in 15 minutes 3.74493 85.38% 78.06% 142.365 62.89% 

 

3.4 Characterization of self emulsifying drug delivery system of aceclofenac 

3.4.1 Emulsification time 

It was observed that all the formulations containing got spontaneously dispersed as soon as they got released 

from the hard gelatin capsule. The time taken for complete emulsification is minimum for formulation F2 and 

maximum for formulation F1 as shown in Table 6. Formulation F1 consists of a total of 50% of surfactant 

concentration and 50% of oil concentration; formulation F2 consists of a total of 70% of surfactant 

concentration and 30% of oil concentration. This indicates that formulations containing high proportion of oil 

require slightly more time for emulsification[39][19]. The emulsification time for different formulations 

follows the order F2< F4< F5< F3< F6< F7< F1. This indicates that high surfactant concentration leads to 

quick dispersion. Also, it was observed that all the formulations got dispersed within one minute, which 

indicates good dispersibility of the formulations. 

 

3.4.2 Percentage transmission 

The percentage transmission of all the prepared formulations is shown in Table 6. It has been observed that 

the percentage transmission is highest for formulation F2 and lowest for formulation F1. The percentage 

transmission for all the formulations follows the order F1 < F3 < F6 < F4 < F7 < F5 < F2. The results show 

that maximum transparency is found when surfactant concentration is 70% and oil proportion is 30%. This 

may be due to the fact that given quantity of drug gets solubilized completely in 30% oil and 70% (when 

Tween 80 is 40% and Tween 20 is 30% in Smix) surfactant mixture (Smix) and the same mixture is able to 

form very fine dispersion. Also it has been observed that when the oil proportion is higher as compared to 

Smix then the transparency decreases as in case of formulation F15. However it is observed that the 

transparency of all the formulations was above 90% which is an indicative of good micro emulsification[40]. 

 

3.4.3 pH 

The pH values of all the formulations were found to be in the range of 7.3± 0.62 to 7.4± 0.53 and do not 

change upon dilution. This indicates that pH of all the formulations is near to physiological pH of 7.4[41]. 

The pH values of the prepared formulations are shown in Table 6. 

 

Table 6: Emulsification time of prepared SEDDS formulations 
Formulati

on code 

Emulsification time (seconds) 

(mean ± SD, n=3) 

Percentage transmission 

(%) (mean ± SD, n=3) 

pH Refractive index 

F1 33 ± 1 92.31 ± 0.38 7.3 ± 0.62 1.41 ± 0.30 

F2 13 ± 2 98.62 ± 0.43 7.3 ± 0.47 1.36 ± 0.30 

F3 24 ± 1 94.44 ± 0.27 7.4 ± 0.53  1.39 ± 0.40 

F4 14 ± 2 95.57 ± 0.26 7.3 ± 0.47 1.37 ± 0.50 

F5 18 ± 1 96.43 ± 0.39 7.3 ± 0.61 1.38 ± 0.30 

F6 26 ± 2 95.41 ± 0.47 7.3 ± 0.56 1.42 ± 0.40 

F7 29 ± 1 95.64 ± 0.53 7.3 ± 0.38 1.38 ± 0.30 

 

3.4.4 Globule size, polydispersity index and zeta potential analysis 

Globule size is an important parameter which determines the competency of self emulsifying system. Finer 

globule size results in better performance of self emulsifying systems and can lead to achieve good 

bioavailability.  The globule size of the optimized formulation, F2 was found to be 68.95 ± 1.294nm (mean ± 

SD, n=3) and the polydispersity index was found to be 0.566 ± 0.021 (mean ± SD, n=3). The globule size 

indicates that the self emulsifying preconcentrate is capable of forming a fine microemulsion upon 

dilution[42]. The polydispersity index indicates that the formed microemulsion is homogeneous[43]. The size 

distribution by intensity of the optimized formulation is shown in Figure 8. The apparent zeta potential of the 

optimized formulation F2 was found to be -15.30 ± 2.08 mV as shown in Figure 9, which indicates that the 

formed microemulsion possess high stability[44]. 
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Figure 8: Size distribution by intensity of optimized self-emulsifying system of aceclofenac, average 

reading (n=3) 

 

 
Figure 9: Apparent zeta potential (average) of optimized self-emulsifying system of aceclofenac (n = 3) 

 

3.4.4 Rheology 

The viscosity values of different formulations are presented in Table 7 and the graphical representation is 

shown in Figure 10. The viscosity values in general indicate that the formulations which contain high oil 

proportion and high Tween 80 concentration have high viscosity values.  The viscosity values follows the 

order F4 < F2 < F7 < F6 < F3 < F5 < F1. Formulation F1 has the highest viscosity values at 20, 60 and 100 

rpm and it contains 50% of almond oil and 30% of Tween 80 and 20% of Tween 20. Formulation F18 has 

lowest viscosity value at 20, 60, 100 rpm and it contains 20% of almond oil and 40% of Tween 80 and 40% 

of Tween 20. This indicates that increase in concentration of oil leads to increase in viscosity along with high 

concentration of surfactants[45]. Also it has been observed that as the rotations per minute increases, 

viscosity decreases which indicates that the prepared formulations are shear thinning systems which ensures 

the ease of handling[46]. 
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Table 7: Viscosity of prepared SEDDS preconcentrates 

Rpm 
Viscosity ± Standard deviation (cP) 

20 60 100 

F1 467 ± 3.6 343 ± 4.4 258 ± 3.8 

F2 361 ± 4.5 328 ± 5.2 231 ± 3.2 

F3 391 ± 3.3 338 ± 3.6 238 ± 4.3 

F4 344 ± 4.7 321 ± 4.5 211 ± 4.5 

F5 424 ± 5.3 380 ± 3.7 246 ± 3.6 

F6 382 ± 4.2 337 ± 4.6 241 ±3.7 

F7 379 ± 3.4 329 ± 3.5 224 ± 4.3 

 

 
Figure 10: Viscosity of prepared SEDDS preconcentrates 

 

3.4.5 Refractive index 

All the self-emulsifying formulations were found to have refractive index in the range of 1.36 to 1.42, which 

is close to the refractive index of water 1.33. This result indicates that all the formulations were isotropic in 

nature[30]. The refractive index of different self emulsifying formulations is shown in Table 6. 

 

3.4.6 Tyndall effect 

The laser light scattering through all the formulations was observed. It was observed that the laser light 

illuminated most clearly through formulation F2, which indicates formation of oil in water microemulsion as 

shown in Figure 11[47]. 

 

 
Figure 11: Laser light scattering through F16 
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3.4.7 Drug content 

The drug content of all the prepared formulations was found to be above 90%. The highest drug content was 

found in case of formulation F2 i.e. 99.83%. The drug content of prepared self emulsifying drug delivery 

systems is shown in Table 8.  

 

Table 8: Drug content of the prepared SEDDS formulations 
Formulation code Drug content= Practical content/ Theoretical × 100 (%) 

F1 92.37±0.33 

F2 99.83±0.27 

F3 95.52±0.31 

F4 95.11±0.29 

F5 96.82±0.49 

F6 98.68±0.57 

F7 94.72±0.38 

 

3.4.8 In vitro dissolution study 

The dissolution profile of aceclofenac from various self emulsifying formulations was determined and 

compared with dissolution of plain aceclofenac in phosphate buffer pH 6.8, acetate buffer solution pH 4.5, 

0.1 M hydrochloric acid solution pH 1.5. In 60 minutes the drug released from the developed aceclofenac 

formulations F1, F2, F3, F4, F5, F6, F7 was found to be highest in phosphate buffer pH 6.8, the same trend is 

also observed at the end of 240 minutes. The drug release was found to be 1.01-1.18 times higher at pH 6.8 as 

compared to pH 1.5 which indicates that with increase in pH drug release increases. The dissolution rate of 

aceclofenac from the plain drug was found to be quite low as compared to developed formulations. The drug 

release was found to be highest from formulation F2 and follows the order F1< F2<F3< F4< F5< F6< F7 at 

pH 6.8. The dissolution data from phosphate buffer pH 6.8, acetate buffer solution pH 4.5, 0.1 M 

hydrochloric acid solution pH 1.5 is presented in Table 9, Table 10 and Table 11 respectively. The graphical 

representation is shown in Figure 12, Figure 13 and Figure 14 respectively. 

 

Table 9: In vitro release of aceclofenac from prepared self-emulsifying pre-concentrates in 0.1 M 

hydrochloric acid solution (pH 1.5) 
 

Time 

(minutes) 

%Cumulative Drug Release* 

5 15 30 45 60 90 120 180 240 

Formulation 
code 

F1 15.21±0.5 20.42±0.4 54.80±0.4 62.90±0.6 81.91±0.3 81.62±0.3 82.21±0.5 81.71±0.4 81.71±0.5 

F2 15.87±0.4 22.22±0.4 54.61±0.3 70.60±0.4 82.41±0.3 82.41±0.5 83.62±0.4 83.66±0.5 83.53±0.3 

F3 16.81±0.3 31.21±0.5 55.90±0.3 71.40±0.5 90.31±0.4 92.53±0.4 92.51±0.5 92.62±0.3 92.51±0.3 

F4 16.36±0.5 20.51±0.6 45.43±0.4 60.70±0.3 73.80±0.5 73.60±0.5 74.11±0.4 73.52±0.4 73.52±0.5 

F5 15.80±0.3 20.31±0.4 50.44±0.5 57.90±0.5 78.91±0.4 78.34±0.5 78.64±0.3 78.91±0.4 78.88±0.3 

F6 16.78±0.4 20.81±0.5 50.98±0.6 60.80±0.6 79.90±0.5 79.91±0.4 79.88±0.5 79.90±0.4 79.89±0.4 

F7 14.99±0.4 21.47±0.4 54.88±0.5 62.88±0.4 80.87±0.3 80.62±0.4 81.76±0.5 81.66±0.4 81.52±0.5 

Plain 

Aceclofenac 

9.71±0.3 12.22±0.4 16.43±0.3 22.40±0.4 38.64±0.3 38.64±0.3 39.21±0.3 39.32±0.3 39.28±0.3 

*Data indicate mean±SD (n=3) 

 

Table 10: In vitro release of aceclofenac from prepared self-emulsifying pre-concentratesin acetate 

buffer solution (pH 4.5) 
 

Time (minutes) 

%Cumulative Drug Release* 

5 15 30 45 60 90 120 180 240 

Formulation 

code 

F1 15.20±0.4 21.30±0.2 56.80±0.5 68.40±0.4 84.43±0.4 84.33±0.4 84.71±0.3 84.68±0.4 84.41±0.3 

F2 16.32±0.2 21.50±0.4 62.70±0.4 71.30±0.3 85.70±0.5 85.74±0.2 86.47±0.5 85.73±0.4 85.70±0.3 

F3 19.50±0.6 34.50±0.3 60.70±0.6 75.22±0.6 90.54±0.4 90.54±0.2 91.65±0.4 90.73±0.5 90.71±0.4 

F4 17.19±0.4 22.16±0.4 49.90±0.3 62.32±0.5 75.21±0.3 75.64±0.3 75.48±0.3 75.71±0.6 75.71±0.3 

F5 18.38±0.4 22.30±0.6 53.40±0.5 60.23±0.4 81.24±0.6 82.54±0.3 82.43±0.3 82.24±0.3 82.24±0.5 

F6 18.41±0.3 23.32±0.3 54.42±0.5 64.36±0.2 80.89±0.3 80.89±0.3 81.46±0.2 81.32±0.4 81.46±0.4 

F7 15.55±0.4 20.85±0.5 57.21±0.4 66.71±0.4 84.79±0.5 84.79±0.3 84.79±0.3 84.79±0.4 84.79±0.5 

Plain 

Aceclofenac 

15.40±0.5 23.71±0.4 30.43±0.3 37.97±0.6 42.53±0.3 43.66±0.3 42.68±0.4 43.71±0.3 42.72±0.5 

*Data indicate mean±SD (n=3) 
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Table 11: In vitro release of aceclofenac from prepared self-emulsifying pre-concentrates in phosphate 

buffer solution (pH 6.8) 
 

Time (minutes) 

%Cumulative Drug Release* 

5 15 30 45 60 90 120 180 240 

Formulation 

code 

F1 15.29±0.4 38.41±0.3 55.28±0.5 63.41±0.4 79.43±0.5 81.31±0.3 82.34±0.5 80.92±0.3 82.27±0.5 

F2 26.41±0.4 49.38±0.4 70.81±0.6 85.42±0.4 96.43±0.3 96.31±0.4 97.48±0.3 98.76±0.4 98.76±0.4 

F3 17.43±0.5 34.23±0.4 51.91±0.4 69.31±0.3 82.88±0.5 83.29±0.4 85.54±0.3 85.54±0.4 85.54±0.5 

F4 20.31±0.3 33.43±0.4 54.29±0.5 77.36±0.3 87.29±0.4 87.31±0.4 90.82±0.4 91.53±0.5 91.53±0.4 

F5 21.88±0.4 39.71±0.5 61.29±0.4 76.48±0.5 90.76±0.4 93.18±0.6 93.34±0.4 93.78±0.5 93.78±0.4 

F6 21.53±0.3 43.29±0.4 68.31±0.4 80.28±0.5 94.31±0.4 95.21±0.4 95.33±0.3 94.27±0.5 95.49±0.4 

F7 19.97±0.3 36.28±0.4 58.46±0.5 71.84±0.3 89.31±0.4 89.31±0.6 90.28±0.5 89.46±0.3 90.21±0.3 

Plain 

Aceclofenac 

18.22±0.5 26.10±0.4 36.20±0.3 58.28±0.6 58.28±0.4 58.28±0.4 58.28±0.6 58.28±0.5 58.28±0.4 

*Data indicate mean±SD (n=3) 

 

 
Figure 12: Percentage cumulative drug release of aceclofenac from the prepared formulations and 

plain drug in 0.1 M hydrochloric acid solution (pH 1.5) 

 
Figure 13: Percentage cumulative drug release of aceclofenac from the prepared formulations and 

plain drug in acetate buffer solution (pH 4.5) 
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Figure 14: Percentage cumulative drug release of aceclofenac from the prepared formulations and 

plain drug in phosphate buffer solution (pH 6.8) 

 

4. Conclusion 

 

The effect of difference in chain length of different non-ionic surfactants of Tween series has been 

investigated on self emulsifying efficiency of aceclofenac SEDDS. Homologous Tween surfactants mixtures 

with varying chain length were selected for the pseudoternary diagram study, indicated that the largest self 

emulsifying region is observed for Tween 80 and Tween 20 combination with chain length difference of six; 

as larger the difference between the chain length more stable micellization will occur by incorporation of 

smaller chain length surfactants between larger chain length surfactants, resulting in compact packing and 

protection of hydrophobic core from outside aqueous environment resulting in formation of stabilized and 

fine microemulsion[48]. Optimization was done using Simplex lattice design on the basis of emulsification 

time, percentage transmission and drug release in 15 minutes. Seven SEDDS formulations were prepared 

using overlay plot and pseudoternary diagram and then evaluated. The stability of optimized microemulsion 

so formed is also found good with a zeta potential value of -15.30 mV. 
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