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Abstract

Aim: Ibuprofen is BCS class-II drug with lower solubility and higher permeability. The present work was undertaken 
to formulate ibuprofen emulgels with a view to enhance the bioavailability and to make a suitable topical drug 
delivery system. Methods: Xanthan gum was used as gelling agent in different concentrations. Ibuprofen was 
dissolved in ethanol and propylene glycol. The oily phase was prepared with liquid paraffin. The formulated 
emulgels were subjected for appearance, pH, spreadability, swelling index, rheological study, drug content, and 
drug release parameters, and the optimized batch was evaluated for particle size and in vitro skin irritation study 
by HET- CAM test. Results: The prepared emulgels showed satisfactory results for the evaluation parameters. 
The emulgel IG-4 emerged as optimized formulation with higher drug release which had good mean particle size 
and also found to be non-toxic and non-irritant with the obtained results of HET-CAM test. Conclusion: Emulgel 
can be promising topical drug delivery approach for ibuprofen to enhance the bioavailability with better patient 
compliance.
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INTRODUCTION

In the recent years, the concept of emulgels 
has emerged as potential drug delivery 
approach for topical administration of drugs. 

The reason being is emulgels provide certain 
benefits such as controlled and sustained drug 
release, eliminates the first pass metabolism 
of orally administered drugs; provide targeted 
drug delivery approach and enhanced skin 
permeation by improving drug characteristics.[1]

Emulgels are being used for delivery of 
wide range of drugs such as analgesics, anti-
inflammatory, antifungal, anti-acne drugs, and 
also for some cosmetic preparations.

Emulgel is formulation combination of 
emulsions with gel phase. Both o/w and w/o 
type emulsions can be extensively used for 
their therapeutic properties and as vehicles 
to deliver the drugs to the skin. Emulsions 
usually have certain degree of elegance and 
can be easily vanished on the skin surface. 
They also have enhanced skin permeation 
properties.[2,3]

Ibuprofen is one of most commonly employed NSAID to 
combat acute and chronic arthritis. Ibuprofen belongs to BCS 
class II drug, which has poor aqueous solubility and high 
permeability across the intestinal membrane. The oral dosage 
form of Ibuprofen has encountered gastric irritation leading to 
peptic ulcers. In addition to this, Ibuprofen also has low intrinsic 
skin permeability. There is need to develop a better and stable 
topical drug delivery approach to reduce the complications of 
oral and conventional gel formulations of Ibuprofen.[4,5]

The current study was focused on formulating Ibuprofen 
emulgels with natural polymers such as xanthan gum as 
better alternative formulation approach to enhance the drug 
permeation properties and also to provide prolonged duration 
of action to improve patient compliance.[6]
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MATERIALS AND METHODS

Materials

Ibuprofen was procured from Remedix Pharma Private Ltd., 
Bengaluru. Xathan gum, liquid paraffin, span 20, tween 
80, methyl paraben, propyl paraben, ethanol, propylene 
glycol and triethanolamine were purchased from Hi media 
Laboratories, Mumbai.

Methodology

Preparation of Ibuprofen Emulgels

For preparing the Ibuprofen emulgels, firstly gel phase was 
prepared using varying concentrations of xanthan gum by 
dispersing in purified water followed by mechanical stirring. 
In liquid paraffin, span 20 was added in the required quantity 
to prepare the oily phase of emulsion. The aqueous phase was 
prepared by the dispersion of small amount of tween 80 in 
distilled water followed by magnetic stirring. Ibuprofen in 
the required amount (1%) was dissolved in ethanol followed 
with magnetic stirring and the methyl and propyl parbens in 
the required amounts were added and dissolved in propylene 
glycol. The aqueous and oily phases were separately heated 
to 70°C for 20 min. Later, the emulsion phase was mixed with 
the gel phase by equal amounts followed by gentle mixing 
to get clear emulgel. At the end, triethanolamine was added 
drop wise to the emulgel to adjust the pH.[7]

The formulation composition of Ibuprofen emulgels is shown 
in Table 1.

Evaluation of emulgels

Drug-polymer compatibility by FTIR Study
ATR-Bruker FTIR method is followed for assessing the 
compatibility of pure drug of ibuprofen with xanthan gum. 

The IR spectrum of pure drug of ibuprofen and xanthan 
gum was interpreted with their physical mixture to confirm 
whether both the drug and polymer were in compliance with 
one another or not.[8]

Appearance
The prepared Ibuprofen emulgels were visually inspected for 
appearance by checking the color, clarity and homogeneity 
parameters.[9]

pH
The pH of all the prepared emulgels was measured with 
digital pH meter.[9]

Rheological study
The viscosity predicts the flow properties of the formulations. 
Viscosity of all the formulated emulgels was determined by 
Brookfield viscometer using spindle no. 94 with shear rate 
of 5 rpm at 25°C. The viscosity measurement was taken in 
cps.[10]

Spreadability
This was evaluated by placing about 1 g of formulation on a 
glass slide. Another glass slide of the same length was placed 
above that and a weight of 100 g was put on both the glass 
slides so that the gel gets sandwiched between the two glass 
slides and spreads at certain distance. The time taken for the 
gel to travel the distance from the original place of its position 
was noted.[11] Spreadability was calculated by the formula as 
shown below.
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Where,
S - Spreadability, g.cm/s
M - Weight put on the upper glass
L - Length of glass slide
T - Time for spreading gel in sec.

Swelling index
To determine swelling index, 1 g of the emulgel was wrapped 
in an aluminium foil and the wrapped foil was kept in a beaker 
containing 10 ml of 0.1 N sodium hydroxide as solvent. At 
different time intervals, the samples were withdrawn from 
the beaker and weights were recorded, the process was 
continued till a constant weight was obtained. Swelling index 
was calculated from the following formula.[12]
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Where,
(SW) % = Equilibrium percent swelling
Wt = Weight of swollen emulgel after time t,
Wo = Weight of emulgel before swelling at zero time, t.

Table 1: Formulation composition of Ibuprofen 
emulgels

Ingredients Formulation code
IG-1 IG-2 IG-3 IG-4 IG-5

Ibuprofen (% w/w) 1 1 1 1 1

Xanthan gum (%) 0.5 1 1.5 2 2.5

Liquid paraffin (%) 5 5 5 5 5

Span 20 (%) 0.2 0.2 0.2 0.2 0.2

Tween 80 (%) 0.4 0.4 0.4 0.4 0.4

Methyl paraben (%) 0.03 0.03 0.03 0.03 0.03

Propyl paraben (%) 0.03 0.03 0.03 0.03 0.03

Ethanol (%) 3 3 3 3 3

Propylene glycol (%) 7 7 7 7 7

Distilled water q.s q.s q.s q.s q.s

Triethanolamine q.s q.s q.s q.s q.s
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Drug content
The drug content of emulgels was estimated by UV 
spectroscopy. Emulgel of 1 g was diluted with 10 ml of 
phosphate buffer pH 7.4 followed by sonication for 3 min and 
then the solution was filtered and absorbance was measured 
at 268 nm and the drug content was noted in percentage.[13]

In vitro drug release study
Modified 6 diffusion cell apparatus was used to perform the 
drug release study for the prepared emulgels. The diffusion 
cell was filled with 25 ml of phosphate buffer pH 7.4 in the 
receptor chamber. The dialysis membrane that was soaked in 
the buffer for about 24 h was tied to the upper end of diffusion 
cell and it was kept in contact with receptor compartment 
filled with buffer. The diffusion cell assembly was kept on 
magnetic stirrer and was operated at 50 rpm. The diffusion 
cell was maintained at 37 ± 0.5°C. Formulation of 0.5 g 
was placed on the dialysis membrane. Samples (1 ml) were 
withdrawn at different time periods of 30, 60, 120, 180, 240, 
300, and 360 min. The samples were diluted with 10 ml of 
phosphate buffer pH 7.4 and then analyzed at 268 nm using 
UV spectrophotometer and the percentage cumulative drug 
release was calculated.[13]

Particle size analysis
The optimized emulgel formulation was evaluated for 
particle size measurement. Emulgel of 1g was diluted with 
ultra-pure water suitably and the sample was observed under 
high resolution particle size analyzer. The mean particle size 
range for the formulation was recorded.[14]

In vitro skin irritation study by HET-CAM test
HET-CAM was used as in vitro skin irritation approach 
to evaluate the irritancy of the optimized emulgel. The 
study involved treatment of samples on the chick embryo 

developed in the embroyonated eggs which were incubated 
for about 8 days in incubator at temperature of 37 ± 0.5°C 
and relative humidity of 58 ± 2°C. Three groups were 
made each containing 3 eggs. For negative control group, 
the chick embroyo was treated with 0.9% NaCl, positive 
control and test groups were treated with 1% SDS as strong 
irritant and optimized emulgel. The chick embryo of all 
the study groups was observed for time period of 5 min 
(300 s) for the signs of blood vessel lysis, haemorrhage and 
coagulation.[15,16] The irritation scores for the samples were 
determined using the following formula and the level of 
irritancy was evaluated by comparing with standard score 
levels as given in the Table 2.
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Where,
H - Haemorrhage
L - Lysis of blood vessels
C - Coagulation

RESULTS AND DISCUSSION

FTIR spectroscopy

From the obtained IR peaks of pure ibuprofen and its physical 
mixture with xanthan gum, it was observed that there were 
no additional peaks and the interpretation analysis confirmed 
that both the drug and polymer were compatible with each 
other and there were no signs of chemical interaction. The 
IR spectrum of ibuprofen pure drug and the physical mixture 
were depicted in the Figures 1 and 2.

Appearance and pH

All the formulated Ibuprofen emulgels were found to appear 
as white translucent gels with good homogeneity. The pH 
of the emulgels was ranging from 6.6 to 7.2 and was found 
to be satisfactory. The results of appearance and pH of the 
Ibuprofen emulgel were discussed in the Table 3.

Table 2: Irritation score value with inference for 
HET‑CAM Test

Irritation score Inference
0–0.9 No irritation

1–4.9 Weak irritation

5–8.9 Moderate irritation

9–21 Severe irritation
HET‑CAM: Hen’s egg test with chorioallantonic membrane

Table 3: Evaluation parameters of the Ibuprofen emulgels
Parameter Formulation code

IG-1 IG-2 IG-3 IG-4 IG-5
Appearance White 

translucent gel
White 

translucent gel
White 

translucent gel
White 

translucent gel
White 

translucent gel

pH 6.8 6.6 7.1 7.0 6.9

Spreadability (g.cm/s) 14.36 24.08 28.17 36.42 30.63

Viscosity (Cps) 354.2 412.7 486.6 518.5 578.6

Swelling index (%) 26.22 19.59 25.14 28.66 34.51

Drug content (%) 90.06 92.45 93.18 95.88 93.37
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Rheological study

The viscosity of the Ibuprofen emulgels was found to be in 
the range of 354.2–578.6 cps. The viscosity of the emulgels 
was directly influenced by xanthan gum. The viscosity was 
gradually increased as there was increase in the concentration 
of xanthan gum in the emulgel formulations. The results of 
viscosity for all the Ibuprofen emulgels was shown in Table 3.

Spreadability

The spreadability of the prepared emulgels was in the range 
of 14.36–36.42 g.cm/s. The formulations IG-4 and IG-5 
showed higher spreadability which may be due to increased 
amount of xanthan gum. The results of spreadability were 
represented in the Table 3.

Swelling index

Ibuprofen emulgels showed swelling index ranging from 
19.59 to 34.51 % which was found to be satisfactory. 
The results of the swelling index were reported in the 
Table 3.

Drug content

The drug content of all the formulated emulgels was found 
to be in the range of 90.06–95.88%. The results of the drug 
content were shown in Table 3.

Figure 2: IR spectra of Ibuprofen and xanthan gum physical mixture

Figure 1: IR spectra of Ibuprofen pure drug

Figure 3: Drug release profile of Ibuprofen emulgels
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In vitro drug release study

The drug release profile of all the formulated emulgels is 
depicted in Figure 3. The drug release study was conducted 
for 6 h (360 min). The drug release of the prepared emulgels 
was ranging from 65.33 to 91.43%. The formulation IG-4 
predicted highest drug release among all the prepared 
emulgels and emerged as optimized formulation. This may 
be due to the optimum concentration of xanthan gum for the 
easy diffusion of the drug through dialysis membrane for the 
drug release in the buffer. The optimized emulgel (IG-4) was 
further evaluated for particle size analysis and in vitro skin 
irritation studies.

Particle size analysis

The average particle size of the optimized emulgel (IG-4) was 
found to be in the range of 0.5–10 microns and was found to 
be favorable for enhancing the drug permeation through skin. 
The particle size analysis report was depicted in Figure 4.

In vitro skin irritation by HET-CAM test

The results of the HET-CAM test showed that there were 
no signs of irritation in the chick embryo when tested with 

both 0.9% NaCl and optimized emulgel. Severe irritation 
was observed with 1% SDS only. Hence, the study confirmed 
that the optimized emulgel was found to be non-toxic and 
non-irritant in nature. The HET-CAM images were shown in 
Figure 5.

CONCLUSION

Ibuprofen emulgels were successfully formulated with 
xanthan gum as gelling agent. The evaluation parameters 
of the formulated emulgels were found to be satisfactory. 
The optimized emulgel IG-4 showed highest drug release 
for about 6 h with better particle size range. The optimized 
emulgel was found to be non-irritant and non-toxic as 
confirmed by the in vitro skin irritation studies. Overall, from 
the present investigation, it was concluded that Ibuprofen 
emulgel is better novel topical drug delivery approach to 
enhance the drug bioavailability.
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