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Supawadee Daodee*, Orawan Monthakantirat, Yaowared Chulikhit

Division of Pharmaceutical Chemistry, Faculty of Pharmaceutical Sciences, Khon Kaen University, THAILAND.

ABSTRACT
Background: Yang-na tree has a scientific name as Dipterocapus alatus Roxb. Ex G.Don 
in family Dipterocarpaceae. Many parts of this tree can be used especially for D. alatus 
oil. Objectives: To develop basic formula of ibuprofen gel composed of D. alatus oil as a 
permeation enhancement agent from natural source. Materials and Methods: This study 
composed of formulation development, physico-chemical property testing, permeation 
study and stability study. Results: The suitable ibuprofen gel formulation consisted of 0.5 
percent D. alatus oil for carbopol and 1 percent D. alatus oil for carboxymethylcellulose 
as gelling agent when evaluated by side-by-side diffusion cell and physico-chemical 
properties. Conclusion: This study could get the basic ibuprofen gel formula containing 
D. alatus oil as the permeation enhancer which gave the value added of this oil to apply 
and use in pharmaceutical.
Key words: Dipterocapus alatus, Ibuprofen, Permeation enhancer, Carbopol, 
Carboxymethylcellulose, Gel. 
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INTRODUCTION
Dipterocarpus alatus is one kind of  plant in 
family Dipterocarpaceae which plays a 
major role in the economy in many Asian 
countries. This plant can grow naturally in 
tropical forest of  Southeast Asia including 
Thailand which can be used as an important 
plant for reforestation planning programs.1 
Production of  oil from D. alatus is very high 
and can find in many parts of  Thailand and 
is one of  the potential natural oil which 
might be used for drug formulation. The 
previous study from some scientists revealed 
that many kinds of  chemical compound 
such as terpenes are found in natural oils 
and reviewed the use of  different natural 
products including essential oils as potential 
permeation enhancer for transdermal drug 
delivery system.2 Numerous terpenes have 
long been used as medicines as well as 
flavoring and fragrance agents and can be 
used as skin permeation enhancers.3-6

Nowadays, NSAIDs (Nonsteroidal anti- 
inflammatory drugs) is almost the common 
formulation to treat many kind of  symptoms. 
NSAIDs are used primarily to treat 

inflammation, mild to moderate pain, and 
fever. Specific uses include the treatment of  
headache, arthritis, ankylosing spondylitis, 
sports injuries, and menstrual cramps.7,8 
Ibuprofen belongs to a class of  NSAIDs 
and is one of  the most common NSAIDs. 
Ibuprofen is used for the treatment of  
mild to moderate pain, inflammation and 
fever caused by many and diverse diseases.9 
It is used for treating menstrual cramps 
(dysmenorrhea), osteoarthritis, rheumatoid 
arthritis, and juvenile idiopathic arthritis. 
Ibuprofen formulations commercially in 
the market are in oral and topical forms. 
Ibuprofen may cause ulceration of  the 
stomach or intestine, and the ulcers 
may bleed. So, the other type of  drug 
administration was developed and used 
locally to avoid its side effect. Topical 
preparation prevents the metabolism of  
drug in the liver, avoids gastrointestinal 
disorders and the risk of  inconveniences 
of  intravenous therapy. Topical ibuprofen 
gel formulation is a good choice of  using. 
However the skin might be the barrier 
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resistance for the drug to permeate through that rough 
area. This problem should be concerned to improve 
the effective of  treatment. Permeation enhancer is 
one of  choice to resolve and might me added into the  
formulation to help ibuprofen through the skin  
membrane for treatment which is one long-standing 
approach for improving transdermal drug delivery 
system.10-12 Permeation enhancer is also called sorption 
promoter or accelerant. Numerous compounds 
have been used and evaluated for penetration 
enhancing activity, including sulphoxides such as 
dimethylsulphoxide, azones such as laurocapram, 
pyrrolidones e.g. 2-pyrrolidone, alcohols and alkanols 
(ethanol, or decanol), glycols (e.g. propylene glycol) and 
terpenes.13-15 Many modes of  actions have been identified 
for skin penetration enhancers such as the intercellular 
lipid matrix in which the accelerants may disrupt the 
packing skin membrane layer, the intracellular keratin 
or through increasing drug partitioning into the tissue 
by acting as a solvent for the permeant within the skin 
membrane. The other potential actions may be come 
from altering metabolic activity within the skin, or 
influence on the thermodynamic activity or solubility 
of  the drug.16 At the present time, some of  the natural 
essential oil can be used as the permeation enhancer 
as the essentials oils show a large range of  chemically 
acceptable and relatively safe penetration enhancers to 
help percutaneous drug absorption and are considered 
as safe compounds for medicinal purpose with no skin 
toxicity, but only mild irritation.17-20 D. alatus oil was 
formerly studied about the property of  permeation 
enhancement for some drug and chemical substances 
and there was some study which applied to use D. alatus 
oil in the ketoconazole shampoo formula and reported 
the value of  this natural oil in the drug formula.21,22 
Thus, the aim of  this study was to develop the model 
ibuprofen gel formulation composed with D. alatus oil 
as the permeation enhancer and to evaluate the physico-
chemical properties of  the formulation.

MATERIALS AND METHODS
Materials and equipments

Side-by-side diffusion cell was used in permeation 
study. UV-Visible spectrophotometer, viscometer 
and differential scanning calorimeter were product 
of  Shimadzu®, Brookfield® and Mettler Toledo® 
as followed. Ibuprofen was purchased from Sigma-
Aldrich®. Sodium dihydrogenphosphate, disodium 
hydrogenphosphate, dimethyl formamide, sodium 
hydroxide, triethanolamine, ethanol and octanol were 
purchased from Merck®. Carbopol 940 and propylene 

glycol were of  BP grade. Carboxymethylcellulose was 
purchased from Fluka®. D. alatus oil was kindly supported 
from Yangna research cluster. Porcine abdominal 
membrane was purchased from the fresh market in 
Khon Kaen province.

Preparation of drug solutions

The stock standard solutions (1 mg/ml) of  ibuprofen 
was prepared and dissolved in methanol and then diluted 
with phosphate buffer to the appropriate concentration 
for permeation studies. All solutions were freshly 
prepared daily. 

Preparation of standard ibuprofen solution

The stock solution of  ibuprofen (1 mg/ml) was diluted 
to the appropriate concentration (0.5-30 µg/ml) with 
50% methanol and then measured the absorbance at  
222 nm. The standard curve was plotted between 
absorbance and concentration.

In vitro drug permeation study

The permeation study of  ibuprofen gel was carried out 
by side-by-side diffusion cell which the temperature 
was controlled at 37 ± 0.5°C in water bath. Porcine 
abdominal membrane was first immersed in D. alatus 
oil for 30 min while the control was immersed in 
phosphate buffer solution and 5%dimethyl formamide. 
The membrane was clamped in side-by-side diffusion 
cell between donor and receptor compartment. Three ml  
of  phosphate buffer solution at pH 7.4 was added 
into receptor compartment. The donor compartment 
was added with appropriate amount of  ibuprofen gel 
in phosphate buffer at pH 7.4. Both compartments 
were magnetically stirred throughout the experiment 
at 600 rpm. The solution in receptor compartment 
was sampling at various time intervals and immediately 
refilled with the same volume (1 ml) of  fresh buffer 
solutions. Sample solutions were analyzed for the 
permeated content by UV-Vis spectrophotometry. 
The absorbance of  resulting solutions was measured 
at its maximum wavelength which was 222 nm. All 
the formulations were also tested for their permeation 
ability.

Preparation of model ibuprofen gel composed 
with D. alatus oil

All excipients including ibuprofen, D. alatus oil, gelling 
agent and other excipients which depend on the type 
of  gelling agent were prepared as described below. The 
resulting ibuprofen formulations with the different 
type of  gellling agent and variation percentage of   
D. alatus oil were also prepared to get the appropriate gel 
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formulation. Carbopol 940 and carboxymethylcellulose 
were used as the gelling agents in this study.
When carbopol 940 was used (formulation A1-A11), 
the formulation would contain ibuprofen, D. alatus oil, 
propylene glycol, triethanolamine and ultrapure water 
as listed in Table 1. Ibuprofen powder was dissolved by 
ethanol and proper to add into the polymer. The proper 
amount of  polymer was dispersed in ultrapure water in 
a beaker and stirred using a magnetic stirrer. Propylene 
glycol was added and stirred until a homogeneous gel 
was achieved. The adequate amount of  triethanolamine 
was added to neutralize free carboxylic acid groups 
of  carbopol 940 to the desired pH. D. alatus oil was 
added to the previous polymer dispersion with slightly 
stirring. Another gelling agent, carboxymethylcellulose 
(formulation B1-B9), the formulation contained 
ibuprofen, D. alatus oil, propylene glycol and ultrapure 
water (Table 1). The formulation was prepared as 
described above but adding triethanolamine is not 
necessary. Gel formulation was stand for 30 min before 

adding D. alatus oil and ibuprofen. The compositions of  
all developed formula were shown in Table 1.

Evaluation of ibuprofen gel composed of D. alatus 
oil
Appearance

All gel formulations were examined by visual estimation 
for their color, clarity, odor, homogeneity and phase 
separation.

Evaluation of pH

The pH of  each gel formulation was measured using 
pH meter. The results were shown as mean from three 
replications.

Spreadability

This test was determined using the method and apparatus 
which modified in-house. Glass plate was used and fixed 
on the table. Gel (0.5 g) was weighed and placed on the 
center of  glass plate. Another glass plate (with 500 g 
of  material) was placed on the gel like a sandwich for 
5 min. The diameter of  spreaded gel was measured in 

Table 1: The composition in ibuprofen gel formulation composed with D. alatus oil using carbopol 940 and  
carboxymethylcellulose as gel forming agent.

Ingredients 
(%)

Ibuprofen D. alatus 
oil

Carbopol940 CMC Ethanol 2-propanol Propylene
glycol

Triethanolamine Ultrapure 
Water

Carbopol (A)
A1 5 1 1 - 0 0 10 1 qs to 100
A2 5 2 1 - 0 0 10 1 qs to 100
A3 5 1 1 - 0 0 10 10 drops qs to 100
A4 5 1 1 - 5 0 10 10 drops qs to 100
A5 5 1 1 - 5 0 10 6 drops qs to 100
A6 5 1 1 - 5 0 20 4 drops qs to 100
A7 5 1 1 - 5 0 20 2 drops qs to 100
A8 5 1 1 - 10 0 20 2 drops qs to 100
A9 2.5 1 1 - 10 0 20 2 drops qs to 100

A10 5 1 1 - 15 0 20 2 drops qs to 100
A10.1 5 1 1 - 15 0 20 2 drops qs to 100
A10.2 5 2 1 - 15 0 20 2 drops qs to 100
A10.3 5 3 1 - 15 0 20 2 drops qs to 100
A10.4 5 0.5 1 - 15 0 20 2 drops qs to 100
A11 5 0 1 - 15 0 20 2 drops qs to 100

Carboxymethylcellulose, CMC (B)
B1 5 1 - 1 0 0 10 0 qs to 100
B2 5 1 - 1 15 0 20 0 qs to 100
B3 5 1 - 1 0 15 20 0 qs to 100
B4 5 1 - 2 0 15 20 0 qs to 100
B5 5 1 - 2 15 0 20 0 qs to 100
B6 5 1 - 3 15 0 20 0 qs to 100
B7 5 0.5 - 3 15 0 20 0 qs to 100
B8 5 2 - 3 15 0 20 0 qs to 100
B9 5 0 - 3 15 0 20 0 qs to 100
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three replications and then percent spreadability was 
calculated as %spread by area.

Viscosity measurement

The measurement of  viscosity of  all gel formulations 
was done with a Brookfield viscometer. The viscometer 
was set to rotate from 0-100 r/min using T-bar spindle 
no.96. At each speed, the viscosity was measured and 
recorded.

Thermal property testing

Differential scanning calorimeter (DSC) was used for 
the study of  thermal property in gel formulation. Gels 
(9-10 g) were put into the sample pan of  DSC. The 
reference pan was used as a control in the experiment. 
The temperature was set start from 30 to 300°C with 
10°C incrementally. DSC thermogram for each gel 
formulation was plotted and recorded.

Drug content study

Half  gram of  gel was weighed and sonicated in methanol 
for 5 min when used carbopol 940 and 30 min for 

carboxymethylcellulose. The sample was then filtered 
with whatman no.1 and adjusted to 10 ml with methanol 
in volumetric flask. One ml of  the sample solution was 
pipetted into 50 ml volumetric flask, adjusted to volume 
with 50% methanol and then measured the absorbance at 
wavelength 222 nm. Methanol (50%) was used as a blank 
in the study. Determinations were made in triplicate.

Preliminary stability study

The stability of  gel formulation was evaluated in two 
conditions, room temperature and 45 degree centigrade 
over a period of  six weeks. Ibuprofen content was 
determined periodically after gel preparation at 0, 2, 4 
and 6 weeks. The method for determination was the 
same as described above for drug content study.

RESULTS
Physico-chemical characteristic of ibuprofen gel 
formulation

From visual estimation, the results of  all developed 
formulations were shown in Table 2. Some of  the gel 

Table 2: Characteristic and pH of ibuprofen gel formulation using carbopol 940 and carboxymethylcellulose as 
gelling agent.

Formulation code Characteristic Color Odor Average pH ± SD 

A1 Moderate sticky mass, not smooth Yellow-white normal 6.43±0.01

A2 Moderate sticky mass, not smooth yellow normal 6.43±0.01

A3 Moderate sticky mass, not smooth White-yellow normal 7.00±0.00

A4 Moderate sticky mass, not smooth Yellow-white normal 6.20±0.01

A5 Moderate sticky mass, not smooth Yellow-white normal 5.70±0.02

A6 Slightly sticky mass, smooth yellow normal 5.72±0.01

A7 Slightly sticky mass, not smooth yellow normal 5.35±0.01

A8 Slightly sticky mass, slightly smooth yellow normal 5.43±0.02

A9 Slightly smooth yellow normal 5.46±0.01

A10 Smooth White-yellow normal 5.41±0.01

A10.1 Smooth White-yellow normal 5.54±0.02

A10.2 Smooth Dark yellow normal 5.54±0.01

A10.3 Slightly Smooth Dark yellow normal 5.67±0.00

A10.4 Smooth Yellow-white normal 5.46±0.01

A11 Smooth White normal 5.72±0.02

B1 Separate layer Clear solution on top layer normal 6.90±0.00

B2 Separate layer Clear solution on top layer normal 6.93±0.01

B3 Separate layer Clear solution on top layer Strong odor 6.88±0.00

B4 Slightly smooth yellow Strong odor 7.30±0.01

B5 Slightly smooth yellow normal 7.44±0.00

B6 Smooth yellow normal 7.29±0.02

B7 Smooth Yellow-white normal 7.18±0.00

B8 Smooth Dark yellow normal 7.17±0.00

B9 Smooth White normal 6.69±0.01
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formulation showed smooth character, no grittiness 
and good homogeneity as in formulation A9-A11 and 
B6-B9. The pH of  gel was ranged between 5.35-7.00 for  
A1-A11 and 6.88-7.44 for B1-B9 as listed in Table 2. 
The most appropriate gel formulation estimated from 
physico-chemical properties without D. alatus oil was A11 
from carbopol 940 and B9 for carboxymethylcellulose. 
These two formulations were used as the basic 
formulation then modified by varying percentage of  D. 
alatus oil to be formulation code A10.1, 10.2, 10.4 and 
B6, 7, 8. For A10.3 which was the formulation containing 
3% D. alatus oil, the phase separation was observed, then 
we stopped the study for this formulation. It might be 
due to very high content of  oil phase in gel formulation 
affect the homogeneity of  formulation.
Viscosity of  gel formulation was evaluated in A10.1, 
A10.2 and A10.4 as shown in Figure 1. It was found 
that the highest viscosity formulation was achieved 
from A10.1 and B6. Moreover, the formulation with 
carboxymethylcellulose as gelling agent had strongly 
higher viscosity than the formulation using carbopol 940. 
Hence, the viscosity from the formulation containing 
carboxymethylcellulose in this study could not be 
measured and no viscosity profile was recorded. When 
using carbopol as gelling agent, the solution would have a 
low pH. Some neutralizing agent as triethanolamine was 
added to increase the pH and caused the dispersion of  
gel. The selection between carbopol and CMC depended 
on many factors such as the compatibility of  active 
compound with other excipients in the formulation 
especially for the solubility. 
The spreadability of  model gel formulation was 
considered high by having a low spread of  time. The 
efficacy of  the gel formulation depended on their spread 
which gel spreading could help the consistence and 
uniform application of  gel to skin. Good spreadability 
of  gel formulation was considered an important factor 
in patient compliance. From the result of  this study as 
shown in Table 3, highest % spreadability was found 

in A10.2 for carbopol 940 as gelling agent and B6 for 
carboxymethylcellulose. Moreover, higher spreadability 
between these two gelling agents was found in carbopol 
940. Gel formulation containing Carbopol 940 provided 
better character. 
The thermal property of  gel formulation was shown 
as DSC thermogram in Figure 2. The similar pattern 
was found between each formulation including the 
formulation from two gelling agents. These thermograms 
revealed the homogeneity of  the composition in 
all formulations in this study. Melting point of  gel 
formulation was range between 100-130°C.

Permeabilty of ibuprofen gel formulation 
composed with D. alatus oil

From the result of  the permeability study, Formulation 
containing with 0.5% D. alatus oil showed highest 
permeation than the other formulations in the group of  
using carbopol 940 as gelling agent. While the formulation 
using carboxymethylcellulose, the appropriate D. alatus 
content which performed highest permeation was 1%. 
The permeation profiles were shown in Figure 3. The 
result from this permeation study was not related to the 
linear relationship between percentage of  D. alatus oil 
and permeability of  ibuprofen gel. It might be caused 
from the higher content of  D. alatus oil obstructed the 

Figure 1: Viscosity profile of ibuprofen gel formulation from 
variation content of D. alatus oil and carbopol 940 was used 

as gelling agent.

Figure 2: Differential Scanning Calorimetry (DSC) thermograms 
of ibuprofen gel formulations from two different gelling agent 
and variation content of D. alatus oil in the formulation. (A: 

carbopol 940, B: carboxymethylcellulose).

Table 3: Spreadability of ibuprofen gel formulations
Formulations Percent spread by area ± SD

A10.1 375±13.6

A10.2 396±8.6

A10.3 380±13.4

A10.4 382±8.1

A11 258±6.0

B6 250±5.7

B7 253±7.6

B8 250±2.6

B9 250±7.0
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channel of  permeation at the membrane which could 
observed from the surface of  the skin after finish the 
experiment. Thus, higher D. alatus oil content did not 
mean better permeation of  ibuprofen gel formulation.

Preliminary stability study of ibuprofen gel 
formulation

From the stability study, it was found that there was no 
significance statistical different of  ibuprofen content in 
the formulation during the collecting time up to 6 weeks 
at room temperature condition. It was controversy to 
the stability at 45°C conditioned in which the content 
increased when the collecting time up. It might be 
come from low sensitivity of  the analytical method, 
UV spectrophotometry. During the collecting time 
increases, gel formulation turned from light yellow 
to dark yellow which might interfere to absorbance 
measurement. Thus, the further study should concern 
to the better analytical method when the stability was 
conducted.

DISCUSSION
The new approach for using D. alatus oil as a natural 
permeation enhancer in gel formulation was revealed 
in this study. The study conformed to the previous 
study which D. alatus oil could be used to improve 
the permeation of  some model compounds such as 
ibuprofen, ketoconazole and caffeine through newborn 
pork skin membrane.21 Moreover, D. alatus oil was 
formerly study in one shampoo formulation containing 
ketoconazole and trended to increase the permeation 
of  active compound in the formulation.22 Extended 
study was performed using this oil as an enhancer in 
gel formulation which composed of  ibuprofen as an 
active ingredient. Some natural oil was also used in the 
same manner as permeation enhancer as reported by 
Aggarwal and co-workers in 2012,17 for investigating the 
development of  olanzapine transdermal delivery system 
using natural oils as permeation enhancers. Corn (maize) 

oil, groundnut oil and jojoba oil on in vitro permeation 
of  olanzapine across rat skin were studied. The other 
similar study was revealed using some essential oils 
to enhance the permeation of  5-fluorouracil through 
excised human skin.20 Eucalyptus oil and chenopodium 
oil were found to be very effective (30-fold increase), 
while Ylang ylang oil was mildly effective (8-fold 
increase) and anise oil had little activity (3-fold increase). 
Some former study revealed some natural oils such as 
clove oil and angelica oil for the penetration enhancer 
of  ibuprofen for oral therapy which could disturb the 
highly ordered intercellular lipid structure between 
corneocytes in the subcutaneous layer and could increase 
the bioavailability of  drug substance.23 Moreover, 
coconut oil and pistachio oil were also enhanced the 
permeation of  clotrimazole gel through rat skin by the 
study of  Fox and Gerber in 2011.24

This study only investigated the new approach of  natural 
oil, D. alatus oil in a model ibuprofen gel formulation and 
varying type of  gelling agent and its content was also 
evaluated. The penetration enhancer might function by 
altering the barrier characteristics of  skin membranes 
or by increasing the drug solubility inside the skin 
hence enhancing the partition coefficient of  drug 
through the skin. However, limitation of  this study was 
occurred from using only the composition of  basically 
gel formula. The other excipients in gel formulation to 
improve the usability and stability of  the product such 
as some coloring, smelling agent or antioxidant did not 
added in this study. The further study should rearrange 
and vary some of  the other excipient in the formulation 
to get the better appropriate ibuprofen gel formulation 
and should applied to clinically study and compared the 
efficacy of  ibuprofen gel formulation with and without 
D. alatus oil.

CONCLUSION
From this study, the model ibuprofen gel formulation 
composed of  D. alatus oil was developed and evaluated 
for the physico-chemical property, permeability and 
stability. From all testing and evaluating, the appropriate 
gelling agent was carbopol 940 which could give the 
better property compared to carboxymethylcellulose. 
Moreover, D. alatus oil could be a permeation enhancer 
in model ibuprofen gel formulation which could increase 
the efficacy of  treatment. The results from this study 
revealed the efficacy and usefulness of  D. alatus oil and 
should further apply to the other type of  drug and use 
as the permeation enhancer in the other formulation.  
D. alatus oil, new permeation enhancer from natural 
origin trend to become popular as it offers several 

Figure 3: Permeation profile of ibuprofen gel formulation 
using different gelling agent and variation of D.alatus oil in 

formulation (A: carbopol 940, B: carboxymethylcellulose).
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benefits over the synthetic substances such as sustainable 
product from the tree of  Royal Initiative project, lower 
cost and eco domestic product.
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SUMMARY

•	 The model of  ibuprofen gel formulation with D. 
alatus oil as permeation enhancer was proposed 
and developed in this study using carbopol 940 
and carboxymethylcellulose as gelling agent.

•	 The developed formulation was acceptable for the 
general basic requirement of  desired specification 
for visual estimation, pH, thermal property and 
viscosity.

•	 New approach and concept for developing 
the model formulation using D. alatus oil as a 
permeation enhancer should be further studied 
to the other topical formulation.
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