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ABSTRACT 
One of the most persistent problems faced by the formulation scientists has been to find methods of improving the oral bioavailability of 
poorly water-soluble drugs. This positively charged SEDDS gives several fold increase in the bioavailability than the negatively charged one. 
The present study was undertaken to formulate and evaluate a positively charged SEDDS containing Ibuprofen. Fifteen formulations were 
prepared and optimized for the concentration of surfactants, cationic lipid oleylamine, oil component and the formulation variables like speed 
and extent of stirring. The prepared formulations were characterized for emulsion type, drug content, zeta potential and in-vitro. In-vitro 
absorption profile of positively charged SEDDS was compared with that of negatively charged SEDDS and pure drug. The formulations 
were analysed by FT-IR and subjected for stability studies. The optimized formulation consists of 2% oleylamine, 30% surfactants (tween 80 
and span 80 in 3:1 ratio) and 68% oil component. Zeta potentials of the formulations were found to be positive and this positively charged 
SEDDS showed better absorption profile than the negatively charged SEDDS. FT-IR results showed that the Ibuprofen was compatible with 
the excipients and the stability studies revealed that the formulation has enough shelf life. 
KEY WORDS: self-emulsifying system, positive seeds, negative seeds, Ibuprofen 
 
INTRODUCTION 
Numerous potent lipophilic drugs exhibit low oral 
bioavailability due to their poor aqueous solubility 
properties. As a drug must invariably be in solution 
within the gastrointestinal tract before it crosses the GI 
mucosa, poor water solubility may lead to incomplete 
and erratic absorption. Ongoing efforts are being made to 
enhance the oral bioavailability of lipophilic drugs 
inorder to increase their clinical efficacy. 
The most popular approach is the incorporation of the 
active lipophilic component into inert lipid vehicles such 
as oils, surfactant dispersions, self emulsifying 
formulations, emulsions and liposomes.1 
One important method of overcoming the bioavailability 
problem of lipophilic drugs is to incorporate the drug 
into a self-emulsifying liquid, whereby emulsification 
occurs spontaneously on mixing with water. 
Self-emulsifying drug delivery systems (SEDDS) consist 
of isotropic mixture of natural or synthetic oil and solid 
or liquid surfactants or alternatively one or more 
hydrophilic solvents and co-solvents. They can improve 
the oral bioavailability of drugs, which are poorly soluble 
in water.2,3,5,6 Formulation of drugs in this manner 
represents a possible alternative to traditional tablets and 
capsules as the system is expected to self emulsify in the 
aqueous contents of the stomach. The digestive mobility 

of the stomach and intestine provides the agitation 
necessary for self- emulsification. 
Consequently the drug may be rapidly emptied from the 
stomach and distributed in fine droplet form throughout 
the GIT. This would theoretically confer the advantage 
of a large surface area from which dissolution may occur 
as well as a reduction in the irritation caused by the 
prolonged direct contact between drugs in conventional 
dosage forms and the gut wall.3 
In contrast to emulsions, which are sensitive and 
metastable dispersed dosage forms; SEDDS are 
physically stable solutions and are easy to manufacture. 
The SEDDS can be administered in soft gelatin capsules 
and disperse in GIT to form a fine emulsion, upon 
dilution with GI fluids.4 
Positively charged emulsion droplets formed by 
appropriate SEDDS dilution undergo electrostatic 
interaction with the mucosal surface of the intestine.7,8 
Such a formulation enhances the oral bioavailability of 
drugs (active ingredients) and exhibit higher blood levels 
of the drug in comparison with negatively charged 
SEDDS. 
Positively charged formulations differ from negatively 
charged ones with respect to their interaction with 
biological components in the GI environment. Positively 
charged droplets are attracted to the negatively charged 
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physiological compounds naturally occurring in the 
lumen. Also larger droplets (a few microns in size range) 
are less neutralized by mucin solutions of different 
concentrations than smaller droplets (submicron size 
range) formed by the same formulation.7 A similar 
behaviour is also observed in different SEDDS that upon 
aqueous dilution resulted in positively charged coarse or 
fine emulsions or microemulsions. Thus the droplet size / 
bioavailability correlation is much more complex in 
positively charged formulations. 
The present work is undertaken to formulate a positively 
charged SEDDS comprising of an oil component and a 
surfactant.  The oil component comprises of an oily 
carrier, a cationic lipid and optionally a lipophilic 
alcohol. The oil in water emulsion, which forms upon 
mixing of the SEDDS with an aqueous phase, has oily 
droplets, which are positively charged. Cationic lipid 
oleyl amine or stearyl amine imparts the positive charge 
to the formulation. 
MATERIAL AND METHODS 
Formulation of positively charged SEDDS 
The preparation of SEDDS consisted simply of weighing 
and mixing various components until a clear 
homogenous mixture was obtained. A mechanical stirrer 
was used for mixing the components. Ibuprofen was 
dissolved in the SEDDS at a concentration of 15mg/ml. 
This formulation was reported to result in positively 
charged emulsions following aqueous dilution in the 
presence of a cationic lipid, oleyl amine whereas 
negatively charged emulsions were formed by omission 
of oleyl amine from the SEDDS. The composition of 
different formulations is given in Table 1. 
CHARACTERISATION OF SEDDS 
Phase behaviour investigation of the emulsion formed 
Dye solubilization study and infinite dilution with water 
were carried out to confirm the type of emulsion formed. 
The emulsion formed by 1:50 dilution with water was 
mixed with water-soluble dye (methylene blue) which 
gave a uniform blue colour confirming the emulsion to 
be an o/w (oil in water) emulsion. It was seen under the 
microscope and microphotograph was taken. Infinite 
dilution with water gave a stable emulsion confirming to 
be an o/w emulsion. 
Spontaneity of emulsification 
The efficiency of self-emulsification was assessed by 
evaluating the rate of emulsification. Turbidity 
measurement was used to identify the efficient self-
emulsifying systems by establishing whether the 
dispersion reached equilibrium rapidly. Nephelo-
turbidity meter (Systronics 131) was used to measure 
turbidity. SEDDS was diluted serially starting from 

1:100 to 1:135 with simulated gastric fluid, turbidity was 
measured and the equilibrium point was found. 
Droplet size analysis 
After 1:50 dilution of the SEDDS with distilled water, 
size of the emulsion droplets was assessed by optical 
microscopy.Light microscopic inspection of the 
emulsions revealed the presence of particles in the size 
range from 5-9cm in diameter. 
Zeta potential evaluation 
To assess the effect of formulation components and drug 
incorporation on zeta potential, SEDDS was diluted with 
distilled water (1:50 ratio) and was evaluated for zeta 
potential. Diluted samples were charged into 
microelectrophoresis cell. Required voltage was applied 
across the electrodes. The electrophoretic mobility of 
particles was tracked using a keypad. The average zeta 
potential and standard deviation were obtained directly 
from the instrument. Zetameter 3.0 of Zetameter Inc. 
U.S.A. was used for this purpose.  
Determination of drug content 
A sample equivalent to 15mg of Ibuprofen was taken in a 
100ml volumetric flask, and made upto the mark with pH 
7.4 phosphate buffer. The solution was shaken well and 
the absorbance of the resulting solution was measured at 
362nm. Formulation without drug, containing all other 
ingredients prepared by similar manner in pH 7.4 
phosphate buffer was used as a blank for the analysis. 
In-Vitro gastrointestinal absorption studies 
A modified Wilson and Wiseman method was used to 
study the in-vitro absorption of the drug formulations. 
The study was carried out using excised rabbit intestine. 
Proximal part of the intestine was taken for the study. 
Approximately 10cm of the intestine was taken in which 
the diluted formulations were placed separately and the 
intestine was tied at both the ends. The intestine along 
with the formulation was placed in 100ml of pH 7.4 
phosphate buffer and was aerated. The study was carried 
out at 37
interval for 1hour and the fresh volume of the medium 
was replaced. The amount of the drug absorbed was 
measured spectrophotometrically at 362nm26. 
Rancidity Studies 
a. Determination of iodine value 
The iodine value is the number, which expresses in 
grams, the quantity of halogen, calculated as iodine, 
which is absorbed by 100g of the substance under the 
described conditions27. 
Procedure A known amount of ethyl oleate (0.1g) was 
taken in a flask. Added 10ml of carbon tetrachloride 
solution and dissolved. To the above solution, 25ml 
pyridine bromide solution was added and allowed to 
stand for 10min, in dark at room temperature. To this, 
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15ml of potassium iodide solution was added. The 
stopper was removed and rinsed with 100ml of water. 
Mixed well and titrated against 0.1M sodium 
thiosulphate using starch as indicator. The volume of 
sodium thiosulphate consumed was noted (a). A blank 
titration was carried out and the volume (b) was noted. 
The iodine value was calculated using the formula 
(b-a) x 1.269 
=Iodine value  
Weigh 
b. Determination of saponification value 
The saponification value is the number of milligrams of 
potassium hydroxide necessary to neutralize the free 
acids and to saponify the esters present in one gram of 
the substance. 
Procedure: About 2g of ethyl oleate was accurately 
weighed and taken in a 200ml round bottomed flask 
fitted with a reflux condenser. 25ml of 0.5M ethanolic 
potassium hydroxide solution was added to it and boiled 
using water bath for one and half hours. 1ml of 
phenolphthalein solution was added and titrated 
immediately with 0.05M hydrochloric acid. The volume 
of HCl consumed (a) was noted. 
The process was repeated by omitting ethyl oleate and 
the volume consumed (b) was noted. Saponification 
value was calculated from the following formula: 
28.05 x (b-a) 
=Saponification value  
Weight 
Compatibility studies 
Fourier transform infrared (FTIR) spectroscopy 
The FTIR spectral measurements were taken at ambient 
temperature using a Shimadzu, Model 8033 (USA). 
Stability studies 
a. Stability assessment of diluted SEDDS 
Immediately following dilution, 20ml of the samples 
were sealed in container and stored at room temperature. 
The resulting emulsion from SEDDS dilution was 
followed up for one month at room temperature. The 
droplet size was determined on the 0th day and 30th day 
by optical microscopy. It was found that there is no 
significant change in the particle size after one month. 
b) Accelerated stability studies of SEDDS 
Stability studies were carried out at 400C, 300C and 
250C for 90 days. Drug content determination of SEDDS 
was carried out on 30th, 60th and 90th days. The 
formulations were analysed for three parameters: droplet 
size, spontaneity of emulsification and determination of 
drug content on the 0th and 90th days. 
 
 
 

RESULT AND DISCUSSION 
Formulation of positively charged SEDDS 
The objective of this study was to formulate and evaluate 
a positively charged self-emulsifying drug delivery 
system containing the NSAID, Ibuprofen. The 
composition of the formulation and the formulations 
variables like stirring speed and extent of stirring were 
optimized on the basis of spontaneity of emulsification, 
globule size analysis and microphotography. The 
composition of the different formulations is given in 
Table 1. The dosage form was optimized on the basis of 
the following criteria. 
b) Composition of SEDDS 
Nine formulations were prepared with different 
concentrations of surfactants (tween80 and span80 in the 
ratio 3:1), cationic lipid (oleyl amine), and oil component 
(ethyl oleate). Parameters like speed of stirring (250rpm), 
stirring time (120min) and drug concentration (15mg/ml) 
were kept constant. Among the nine formulations, 
formulation F7 produced emulsions with least droplet 
size (5.69
F7 reached equilibrium turbidity more rapidly than the 
other formulations. So formulation F7 was selected for 
further studies, Fig. 1&2. 
b)  Speed of stirring 
To standardize the speed of the mechanical stirrer, three 
formulations were prepared with a speed of 200rpm, 250 
rpm and 300 rpm. In this case, the stirring time (120min) 
was kept constant. Formulation F7, prepared with 
250rpm was used for further studies since upon dilution, 
it produced the emulsion with least droplet size 
(5.69
other two formulations. It is revealed from the data given 
in Table 3 and Fig.3 that as the speed of stirring is 
increased, the droplet size of the emulsion is decreased. 
When the stirring speed is increased above 250rpm, 
droplet size of the emulsion also increased. 
c) Stirring time 
Three formulations were prepared with different stirring 
times; 90min, 120min and 150min by keeping the speed 
of stirring a constant at 250rpm.Based on the least 
droplet size (5.69
emulsification, 120min was found to be the optimum 
stirring time for the formulation of SEDDS. From the 
data given in Table 3 and Fig.3 it is clear that as the 
stirring time is increased, droplet size of the emulsion is 
decreased. When the stirringtime is increased above 
120min, droplet size of the emulsion also increased. 
d) Selection of oil component 
Three oils, namely ethyl oleate, sunflower oil and arachis 
oil were used to prepare different SEDDS with all the 
other formulation parameters kept constant. The SEDDS 
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formulated with ethyl oleate formed emulsion more 
rapidly and had the least droplet size (5.69
and Fig.3. So, amongst the three oils, ethyl oleate was 
found to be the best oil component and was selected for 
the study. Pouton28 showed that self-emulsification is 
specific to both the nature and the ratio of oil and 
surfactant phases. It is interesting to note that in the 
present study, only the combination of ethyl oleate, 
tween80 and span80 produce efficient self-emulsifying 
systems. Attempts to achieve similarly efficient self-
emulsifying systems failed when other oils such as 
arachis oil and sunflower oil replaced ethyl oleate. 
From the above discussion, the formula for SEDDS is 
optimized as follows: 
Ibuprofen: 15 mg/ ml 
Oleylamine: 2% w/w   
Surfactant (Tween 80: Span 80: 30% w/w in 3:1 ratio) 
Oil component: 68% w/w (Ethyl oleate) 
Spontaneous emulsification cannot be explained only by 
the ease of passage of water into the oil droplet, in 
particular the ease with which water may penetrate into 
the liquid crystalline phase formed on the surface of the 
droplet. Thus the basic biphasic model described by 
Groves and Mustafa10,11 still remains valid. The initial 
incorporation of water is definitely due to the presence of 
surfactant in the oil. Further incorporation of water 
however, does not necessarily require the formation of a 
highly lamellar liquid crystalline phase, but rather the 
formation of a highly concentrated surfactant structure, 
which is able to facilitate the passage of more water into 
the oil droplet. 
Phase behaviour investigation of the emulsion formed 
Phase behaviour investigation of the prepared SEDDS 
showed that it gives an o/w emulsion upon dilution with 
aqueous phase. This is evident from the 
microphotographs taken after emulsification. The 
continous phase takes up the colour (methylene blue) 
which is a water-soluble dye and the oil globules were 
found colourless. Infinite dilution with water resulted in 
a stable and consistent emulsion, confirming the o/w type 
of emulsion formed. 
The microphotographs of diluted SEDDS are shown in 
Fig.4a and 4b. 
Zeta potential evaluation 
The results of zeta potential analysis reveals that all the 
formulated emulsions are positively charged. The values 
are in the range of +10mV to +41mV. The optimized 
formulation F7 was found to have a zeta potential of 
+10.71 en Table 4. It can 
be deduced that the positive zeta potential values 
observed in the diluted SEDDS containing oleyl amine 
can be attributed to the ionization of this cationic lipid 

localized at the oil/water interface. In the absence of 
oleyl amine, the zeta potential values of the emulsions 
are found to be negative. 
Determination of drug content 
The prepared formulations were analysed for drug 
content using the procedure mentioned earlier. The drug 
concentrations were determined by measuring the 
absorbance at 362nm using UV-Vis Spectrophotometer. 
The data is reported in Table5. 
In-vitro gastrointestinal absorption studies 
In-vitro gastrointestinal absorption study results showed 
that positively charged SEDDS has five folds increase in 
percentage of absorption compared to the pure drug. 
After1 hour, the percentage drug absorption was found to 
be 19.93 
charged SEDDS showed 95.23 
74.08 
charged SEDDS. The results are shown in Table 6 and 
Fig.5. 
Rancidity studies 
Iodine value and saponification value were determined 
for ethyl oleate according to the procedure given in I P. 
Pharmacopoeia has specified iodine value in the range of 
75-85 and saponification value in the range of 177-188. 
Experimentally, iodine value of ethyl oleate was found to 
be 75.71
to be 185.58
complies with the pharmacopoeial specifications, it was 
concluded that ethyl oleate was not rancid and can be 
used for the formulation of SEDDS. 
Compatibility studies 
FT-IR spectroscopy was employed to ascertain the 
compatibility of Ibuprofen with the excipients. The 
spectra are reported in Fig. 6 and 7. Ibuprofen was 
compatible with the excipients used, as no significant 
variation in height, intensity and position of peaks were 
noticed in both the spectra. 
Stability studies 
a) Stability assessment of diluted SEDDS 
Emulsion stability was evaluated as a function of storage 
time, temperature and dilution. Immediately following 
dilution, 20ml of the samples were sealed in container 
and stored at room temperature. At 0th day, the droplet 
size was noted as 5.69
day, it was found to be 5.59  
The resulting emulsion from the SEDDS dilution was 
found to be stable for one month since there was not any 
significant change in the droplet size. 
a) Accelerated stability studies of SEDDS  
There was no significant change in the drug content on 
30th, 60th and 90th days. Spontaneity of emulsification 
and droplet size on the 90th day was similar to the initial 
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values. The formulation is considered to be stable and 
acceptable. The results are given in Tables 7a to 7c. 
CONCLUSION 
The objective of the experimental work was to formulate 
and evaluate a positively charged self emulsifying drug 
delivery system containing a potent lipophilic drug, 
Ibuprofen in order to improve its oral bioavailability. 
Positively charged SEDDS were prepared using oil 
components (ethyl oleate, sunflower oil and arachis oil), 
cationic lipid (oleylamine) and surfactants (combination 
of Tween 80 and Span 80). 
Formulation variables like speed of stirring and extent of 
stirring were optimized on the basis of spontaneity of 
emulsification and globule size analysis. Based on the 
same criteria, ethyl oleate was found to be the best oil 
component and an optimized formula consisting of 2% 
w/w oleylamine, 30% w/w surfactant (combination of 
Tween 80 and Span 80 in 3:1ratio) and 68% w/w ethyl 
oleate was developed. Drug content was taken as 15 
mg/ml. All the formulations had a positive zeta potential. 
FT-IR data revealed that the drug did not have any 
incompatibilities with the excipients used in the 
formulations. 
Stability studies and the rancidity studies showed that the 
formulations were stable for a considerable period of 
time. 
Positively charged SEDDS showed the highest 
absorption profile; more than that of negatively charged 
SEDDS and pure drug. The enhanced electrostatic 
interactions of positively charged droplets with the 
mucosal surface are mostly responsible for the 
preferential uptake of Ibuprofen from the positively 
charged droplets as compared to the negatively charged 
droplets. 
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Table 1. Composition of Positively Charged SEDDS 
 

Formulations 
 

Drug 
Ibuprofen 
(mg/ml) 

Oleyl amine 
(%w/w) 

Surfactant 
Tween80: 

Span80 in 1:3 Ratio 
(%w/w) 

Oil Component: 
upto 100%w/w 

Stirring 
Speed 
(rpm) 

Extent of 
Stirring 
(min.) 

F1 
 15 2 20 E.O* 78 250 120 

F2 
 15 2.5 20 E.O 77.5 250 120 

F3 
 15 3 20 E.O 77 250 120 

F4 
 15 2 25 E.O 73 250 120 

F5 
 15 2.5 25 E.O 72.5 250 120 

F6 
 15 3 25 E.O 72 250 120 

F7 
 15 2 30 E.O 68 250 120 

F8 
 15 2.5 30 E.O 67.5 250 120 

F9 
 15 3 30 E.O 67 250 120 

F7A 
 15 2 30 E.O 68 200 120 

F7B 
 15 2 30 E.O 68 300 120 

F7C 
 15 2 30 E.O 68 250 90 

F7D 
 15 2 30 E.O 68 250 150 

F7I 
 15 2 30 S.O** 68 250 120 

F7II 
 15 2 30 A.O*** 68 250 120 

F10 15 _ 30 E.O 70 250 120 

F0 _ 2 30 E.O 68 250 120 

 
E.O*.: Ethyl oleate, S.O**.: Sunflower oil, A.O***.: Arachis oil 

 
Table 2. Nephelo turbidimetry data of formulations F1 to F9 

 
Sl.N

o. 
 
 

Dilution 

 
F1 

NTU 
Mean±±±±SD* 

 

F2 
NTUs 

Mean±±±± 
SD* 

F3 
NTUs 

Mean±±±±SD* 

F4 
NTUs 

Mean±±±±SD
* 

F5 
NTUs 

Mean±±±±SD
* 

F6 
NTUs 

Mean±±±±SD 

F7 
NTUs 

Mean±±±±SD
* 

F8 
NTUs 

Mean±±±±SD 
* 

F9 
NTUs 

Mean±±±±S
D* 

1 
 100 

 
97.8 ± 0.7637 

 
90 ± 1 98± 0 98.3 ± 

1.1547 
93.4± 
0.5291 

98.8 ± 
0.2309 

73.1 ± 
0.2081 

98.2 ± 
0.2645 

94.8 ± 
0.2886 

2 
 105 91.4 ± 0.9643 

 86.3± 0.5773 91± 1 95.5± 0.5 90.7 ± 
0.3605 93 ± 0 72.1± 

0.4163 
90.6± 
0.5773 

89.6± 
0.5773 

3 
 110 84.1± 1.2583 

 85.3± 0.5773 87.6± 
0.5773 90 ± 0 84.4 ± 

0.5033 91± 1 68.2 ± 
0.6429 

84.8± 
0.7637 82±   1 

4 
 115 80 ± 0.0577 

 81.6 ± 0.5773 82± 1 85.2± 
0.7211 

80.3± 
0.5507 

85.6± 
0.5773 67± 0 79.2 ± 

0.4618 
80.8± 
0.2886 

5 
 120 77.7 ± 0.4618 

 79.3± 0.5773 81 ± 0 79.3± 
0.5773 

77.4± 
0.5291 

84.2± 
0.5773 

64.3 ± 
0.5773 

72.3 ± 
1.1547 76 ± 1 

6 
 125 75.7± 0.5507 

 75.5 ± 0.5 75.5± 0.5 77.6 ± 
2.0816 

75.3 ± 
0.5507 

80.6 ± 
0.5773 62  ±1 68.3 ± 

0.5773 
71.2 ± 
0.4618 

7 
 130 73.3± 0.5507 

 75± 0.5 71.7 ± 
0.4618 

73.3 ± 
1.1547 

72 ± 
0.0577 79 ± 1 59 ± 0 65.6± 

0.5773 
69.3 ± 
0.5773 

8 
 135 70.6 ± 0.5773 

 70.6 ± 0.5773 73.6 ± 
0.5773 

70.5 ± 
0.5033 

70.3 ± 
0.5773 

74.8 ± 
0.2886 59 ± 0 63 ± 0 65.6 ± 

0.5291 
*Standard Deviation n=3 
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Table 3  Nephelo turbidimetry data of formulations F7A to F7II 

*Standard Deviation n=3 
 

Table 4 Zeta potential evaluation of different formulations 

Formulation Zeta Potential(mV) (Mean ±±±±SD*) 

F1 +14.08 ± 2.078 

F2 +32.47 ± 2.937 

F3 +23.33 ± 2.812 

F6 +38.98 ± 2.281 

F7 +10.17 ± 2.562 

F8 +44.3 ± 1.617 

F9 +43.08 ± 3.598 

F10 (without oleyl 
amine) -12.07 ± 3.598 

*Standard deviation, n=3 
Table 5 Drug content determination of different formulations 

 
Formulation 

 
 

 
Drug Content (mg) 

Mean ±±±± SD* 

 
Percentage Drug Content 

(%) 

F1 
 

13.86  ± 0.2309 92.4 

F2 
 

14.4 ± 0 96 

F3 
 

14.13 ± 0.2309 94.2 

F4 
 

13.73 ± 0.4618 91.53 

F5 
 

14.66 ± 0.2309 97.7 

F6 
 

14.53 ± 0.2309 96.86 

F7 
 

14.4 ± 0 96 

F8 
 

13.46 ± 0.4618 89.7 

F9 
 

14.13 ± 0.2309 95.3 

* Standard Deviation n=3 
 
 
 
 
 
 

 
Sl.No. 

 
 

 
Dilution 

F7A 
NTUs 

Mean±±±±SD* 

F7B 
NTUs 

Mean ±±±± SD* 

F7C 
NTUs 

Mean ±±±±SD* 

F7D 
NTUs 

Mean ±±±±SD* 

F7I 
NTUs 

Mean ±±±±SD* 

F7II 
NTUs 

Mean ±±±±SD* 

1 
 100 90.36±05 87.3± 1.0 84.6 ±0.5 85.4 ±0.5 93.9±0.3 95.4 ±0.5 

2 
 105 87.5± 0.5 82.7 ± 0.4 80 ± 0 82.4± 0.5 90.4±0.5 93.1 ±0.3 

3 
 110 84.7± 0.7 80.4 ± 0.5 76.6± 0.7 77.3±0.5 86.8±0.2 89 ± 1 

4 
 115 82.4 ±0.5 74 ± 0.1 72.5± 0.5 73± 0 

 84 ± 0 87± 0.2 

5 
 120 80 ± 1.01 72.7 ± 0.6 70.3±0.5 69.5± 0.5 

 80.6±0.5 84.6±0.5 

6 
 125 74.6 ±0.4 69.4 ± 0.5 67.1± 0.3 66.1± 0.2 

 77 ± 0 81.7±0.4 

7 
 130 70.8 ±0.7 67.8 ± 0.2 64.9± 0.1 63.6 ±0.5 

 73.7±0.5 79.8±0.7 

8 
 135 68.4± 0.5 65.3 ± 0.5 62.3 ±0.5 60.6 ±0.5 

 70.6±0.5 76.7±0.6 
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Table 6. In-Vitro gastro intestinal absorption studies of formulations 
 

 
 

Sl.No. 
 

 
 

Time in Minutes 

 
Cumulative % Drug Absorption Mean ±±±± SD* 

Pure Drug 
Ibuprofen 

Positively charged 
SEDDS(F7) 

Negatively Charged 
SEDDS(F10) 

1 10 4.63 ±0.6506 31.53 ± 0.8082 13.5± 0.4358 

2 
 

20 8.453±0.050 35.58 ± 0.7940 23.3 ± 0.7023 

3 
 

30 11.46±0.838 49.8± 0.8717 30.16 ± 0.0577 

4 
 

40 14.26±0.152 69.32 ± 0.1311 41.7 ± 0.8082 

5 
 

50 17.22±0.858 83.84 ± 0.6274 52.2 ± 0.0577 

6 
 

60 19.93±0.776 95.23 ± 0.1154 74.08 ± 0.0750 

*Standard Deviation n=3 
 

Table 7a Accelerated stability studies of SEDDS: Determination of drug content 
 
 

(Assay of drug content) 
 

 
 

0th day 

 
 

30th day 

 
 

60th day 

 
 

90th day 

Drug content in milligrams at 250C 
(Mean± SD *) 14.4± 0 14.4± 0 14.26± 0.2309 14.13± 0.2309 

Drug content in milligrams at 300C 
(Mean± SD *) 14.4± 0 14.4± 0 14.26± 0.2309 14.26± 0.2309 

Drug content in milligrams at 400C 
(Mean± SD *) 14.4± 0 13± 0 _ _ 

*Standard Deviation n=3 
 
 

Table 7b Accelerated stability studies of SEDDS: Droplet size analysis 
 

Particle Size analysis 
 

0th day 
 

90th day 
Particle Size in mm at 250C(Mean± SD *) 

5.69±.2203 
 5.58±0.2458 

Particle Size in mm 300C 
(Mean± SD *) 

 
5.69±.2203 

 
5.51±0.2631 

*Standard Deviation n=3 
 
 
 

Table 7c Accelerated stability studies of SEDDS: Spontaneity of emulsification 
Sl.No. 

 
 

Dilution NTU ±±±± SD * on 0th 
day 

NTU ±±±± SD*on 90thday 
At 250C 

NTU ±±±± SD* on 90th day at 300C 

   
1 
 100 73.1 ± 0.2081 72.93 ± 0.1154 72.96 ± 0.1527 

2 
 105 72.1± 0.4163 71.86 ± 0.3214 72 ± 0.2 

3 
 110 68.2 ± 0.6429 68.33 ± 0.5773 67.6 ± 0.5291 

4 
 115 67± 0 66.53 ± 0.5033 66.96 ± 0.0577 

5 
 120 64.3 ± 0.5773 64 ± 0 64.16 ± 0.2886 

6 
 125 62  ±1 62.7 ± 0.3605 61.33 ± 0.5773 

7 
 130 59 ± 0 58.86 ± 0.1527 58.93 ± 0.1154 

8 
 135 59 ± 0 58.26 ± 0.4618 57.43 ± 0.4041 

*Standard Deviation n=3 
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Fig. 4a. Microphotograph of the emulsion resulting from formulation F8 
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Fig. 4b.  Microphotograph of the emulsion resulting from formulation F7 
 

 
 
 

 
 

Fig. 6 FT-IR spectrum of pure drug Ibuprofen, F7, F7 without drug 
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