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Abstract

Purpose: To measure the extent of solubility of the lipophilic drug, aceclofenac, in 13 oils as well as its
in vitro permeability from these oils in order to develop optimized topical microemulsion and
microemulsion-based gel for improved bioavailability.

Methods: UV spectrophotometeric method was used at the wavelength of 276 nm to measure the
dissolved quantity of aceclofenac in each of the oils (almond oil, oleic acid, castor oil, paraffin oil,
cinnamon oil, clove oil, canola oil, sesame oil, isopropyl myristate (ipm), sunflower oil, corn oil, coconuts
oil and eucalyptus oil) at 25 °C. The in-vitro permeability of aceclofenac in each of these oils was
determined at 32 + 0.5 °C using Franz diffusion cell with phosphate buffer (pH 7.4) as medium with 0.45
L cellulose acetate membrane. The solubility and permeability of aceclofenac were compared with the
hydroalcoholic solution of aceclofenac.

Results: The highest solubility values of 9.163 and 8.560 mg/ml for aceclofenac were obtained with
almond oil and oleic acid, respectively (p < 0.05). However the solubiligy and permeability of aceclofenac
in hydro-alcoholic solution were 150.65 mg/ml and 14.91+ 0.05 ug/cm®/h, respectively. Aceclofenac also
showed higher permeability values (1.45t 0.04 and 1.21 = 0.06) in almond oil and oleic acid,
respectively, than in the other oils (p < 0.05).

Conclusion: These findings show that almond oil and oleic acid are promising vehicles for aceclofenac
as its enhanced solubility and permeability in these vehicles are suggestive of improved bioavailability.
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INTRODUCTION

The in vitro rate and extent of permeability of a
drug from dosage forms are good markers to
assess the in vivo bioavailability of the drug [1].
Forty percent of new chemical entities (NCEs)
and many existing drugs are poorly soluble
compounds which lead to poor in vivo
bioavailability, high intra- and inter-subject
variability and lack of dose proportionality [2-4].

An approach to enhancing the solubility or
bioavailability of poorly soluble compounds is
the use of lipid based systems such as micro- or
nano-emulsions, solid lipid nanosuspensions,
niosomes and liposomes. Formulation scientists
increasingly turn to a range of nanotech-
nology-based solutions to improve solubility,
dissolution and bioavailability of poorly soluble
compounds [3,4]. Various delivery systems have
been investigated successfully to improve the
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solubility, dissolution and in vivo bioavailability of
poorly soluble drugs [2-10].

Aceclofenac (2-[2-[2-[(2,6-dichlorophenyl)amino]-
phenyl]acetyl] oxyacetic acid) (Fig 1), as NSAID
has been recommended for the treatment of
various kinds of pains, osteoarthritis and
rheumatoid arthritis [8].
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Fig 1: Structure of aceclofenac

Aceclofenac is well absorbed after oral
administration with hepatic first-pass metabolism
[11]. Due its poor aqueous solubility which poses
a dissolution-related absorption problem, an
attempt has been made to improve its solubility
and dissolution using different oils [12,13]. The
aim of the present investigation was to find
suitable oils that would improve solubility and in
vitro permeation of aceclofenac with a view to
enhancing its in vivo release from dosage
forms.

EXPERIMENTAL
Chemicals

Aceclofenac was obtained as a gift from Sami
Laboratories (Karachi, Pakistan). Almond oil,
oleic acid, castor oil, paraffin oil, cinnamon ail,
clove oil, canola oil, sesame oil, isopropyl
myristate (ipm), sunflower oil, corn oil, coconuts
oil and eucalyptus oil were purchased from
Sigma Aldrich. All other chemicals used in the
study were of analytical grade.

Equipment

Hot plate magnetic stirrer (Velp Scientifica,
Germany), pH meter (Inolab, Germany), Digital
weighing balance (Shimadzu, AUX 220, Japan),
Centrifuge Machine (Hettich, Germany), Ultra

sonic bath (Elma, Germany), Ultra low
refrigerator (Germany). Cellulose acetate filter
paper (Sartorius), Double beam

Spectrophotometer Shimadzu, Japan.

Preparation of calibration curves for

aceclofenac

Each of the oils was investigated for their
solubility in methanol, ethanol, isopropyl alcohol
and n-butanol to construct their calibration curves
in the various solvents since aceclofenac is freely
soluble in these solvents. The stock solutions of
aceclofenac were prepared in each of these
solvents. Serial dilutions comprising of 0.312,
0.625, 1.25, 2.5, 5, 10 and 20 pg/ml were made
from the respective stock solutions.

Determination of solubility of aceclofenac in
various oils

The solubility of aceclofenac in distilled water,
nano-emulsion, solid lipid nano-suspensions
(SLN) and polymeric nano-suspensions (PN
(method was selected due to its application in
lipids which is similar tooils) was determined by
UV spectrophotometer at the wavelength of 276
nm [8]. Excess amount of aceclofenac in all
sample matrices (5ml of each oil) were placed in
20 ml stoppered glass vials in triplicate. These
stoppered glass vials were agitated in a
mechanical shaker water bath (Memmert,
Germany) at 25 £ 1 °C for 72h to reach
equilibrium. Thereafter, the solutions were
filtered through 0.45 p filter, diluted suitably with
the respective organic solvent and evaluated
spectrophotometrically for aceclofenac content at
276 nm [8].

In vitro permeability studies

Aceclofenac solution (equivalent to 2 mg
aceclofenac) in each oil was placed in the donor
compartment of a Franz diffusion cell 0.45 p pore
cellulose acetate membrane separating it from
the receptor compartment containing phosphate
buffer (pH 7.4) at 32 + 0.5 °C. The donor
compartment was covered with aluminum foil to
prevent drying of the oil. Samples (300 pl) were
withdrawn at regular intervals over a 24-h period
and replaced with the same volume of fresh
phosphate buffer. Drug content was determined
spectrophotometrically at 276 nm [8].

Statistical analysis

The mean and standard error of mean (SEM, n =
6) of the data were calculated. Statistically
significant differences were analyzed by one-way
analysis of variance (ANOVA) Comparison of the
solubility values of aceclofenac in the studied
lipid mediums and hydroalcoholic solution using
MedCalc software at 95 % confidence level.
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Table 1: Solubility and permeability of aceclofenac in various oils (mean + SEM, n = 6)

Permeability

oil S(?‘:“'z:ilt)y Flux (ug/cm¥h) coefficient
9 (cm/h, x10°)
Almond oil* 9.163 + 0.055 1.451 £ 0.042 0.072 + 0.006
Oleic acid* 8.560 + 0.023 1.21 2+ 0.065 0.061 £ 0.003
Castor oil 1.333+0.034 0.997 £ 0.081 0.049 £ 0.002
Cinnamon oil 1.056 + 0.087 1.067 + 0.046 0.053 £ 0.003
Clove oil 0.826 + 0.069 1.080 + 0.023 0.054 £ 0.004
Canola oil 2.047 £ 0.082 0.968 + 0.068 0.048 + 0.003
Isopropyl Myristate IPM 4.097 £ 0.021 1.095+£0.012 0.055 + 0.003
Sesame oll 4.351 £ 0.237 1.029 £ 0.029 0.051 £ 0.004
Sunflower oil 1.103 £ 0.033 1.080 £ 0.032 0.054 £ 0.006
Corn oil 0.296 + 0.044 1.048 £ 0.045 0.052 + 0.005
Coconut oil 0.365 + 0.065 1.061 £ 0.053 0.053 + 0.007
Paraffin oil 0.758 £ 0.042 0.935 + 0.081 0.045+ 0.004
Eucalyptus oil 1.831 £ 0.041 0.955 + 0.027 0.048 + 0.006
Hydroalcoholic solution’ 150.65 + 0.063 14.912+ 0.051 0.746+ 0.041

*water:methanol, 5:95

RESULTS

Both solubility and permeability results for
aceclofenac are presented in Table 1. The
highest solubility values of 91.53 and 85.6 mg/ml
for aceclofenac were obtained with almond oil
and oleic acid, respectively (p < 0.05).
Aceclofenac also showed higher permeability
(1.45+ 0.04 and 1.21 £ 0.06) in almond oil and
oleic acid, respectively, than in the other oils (p <
0.05).

DISCUSSION

Solubility is one of the important parameters
to achieve desired concentration of drug in
systemic circulation in order to elicit
pharmacological response. Drug efficacy can
be severely limited by poor aqueous solubility
and some drugs also show side effects due
to their poor solubility [17]. Therefore, the
solubility of aceclofenac in different oils was
determined in triplicate and compared with
hydroalcoholic solution statistically using one-
way ANOVA. The solubility of aceclofenac in
hydroalcoholic solution and different oils is
presented in Table 1. The solubility of
aceclofenac in hydroalcoholic solution was found
to be 150.65 mg/ml at 25°C. The solubility of
aceclofenac in almond oil and oleic acid was
extremely significant as compared to its
hydroalcoholic  solubility (P<0.05). Highest
solubility of aceclofenac was found in almond oil
among studied oils. The permeability studies of
aceclofenac from hydroalcoholic solution and
different oils were performed in phosphate buffer
at pH 7.4. The flux (Jss) and permeability

coefficient (K;) of aceclofenac were highest in
almond oil (1.45 ug/cm?h and 0.073 cm/h at 32 +
0.5°C) after 24 h as shown in Table 1. This
indicates that the presence of oils (containing
unsaturated fatty acids) can significantly enhance
the permeability of a poorly soluble drug
aceclofenac [15]. A general trend can be seen
where unsaturated fatty acids are more effective
in enhancing percutaneous absorption of drugs
than their saturated counterparts [16].

The solubility of aceclofenac is higher in
unsaturated fatty acids than in triglycerides.
Almond oil contains more than 90 % unsaturated
fatty acids (68 % oleic acid and 25 % linoleic acid
[14]) whereas oleic acid itself is an unsaturated
fatty acid. That is the why solubility of
aceclofenac is higher in almond oil and oleic acid
than in other oils which do not contain
unsaturated fatty acids.

CONCLUSION

Almond oil and oleic acid are promising
carriers/vehicles for enhanced solubility and
permeability of aceclofenac. Thus, these oils can
be used to develop drug delivery systems for
improved bioavailability of aceclofenac.
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