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Abstract

This article presents the preparation and topical performance of some new lipid-based formulations of diclofenac,
namely (a) a diclofenac aqueous gel containing mixed micelles (sodium cholate:egg lecithin molar ratio 0.55); (b)
diclofenac lotion that contains soya lecithin, ethanol and buffer; and (c) diclofenac lipogel containing egg lecithin,
isopropyl myristate, propylene glycol and ethanol. Gel formulations were prepared using Carbomer 934. Release of
diclofenac from all formulations was monitored via dialysis through Spectra/por membrane into phosphate buffer
(0.2 M pH=7.4) using a Franz cell. Drug release profile and diffusion coefficients were compared with brand
formulation (Geigy’s Vlotaren Emulgel). Statistical analysis of data show that the diffusion coefficient of the drug
from these formulations rank according to the following order: Diclofenac lotion (D = 5.308 x 10~7 cm?/s) > lipogel
(D=2.102 x 10~7 cm?/s) > Voltaren Emulgel (1.518 x 10~7 cm?/s) > aqueous gel mixed micelle (0.966 x 107
cm?/s). These results show that diclofenac lotion and lipogel maybe more suitable formulations than the conventional
topical dosage form. © 2002 Published by Elsevier Science B.V.
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including the use of enhancers, such as surfac-
tants/solvents (Ho et al., 1994; Lopez et al., 2000),

1. Introduction

Topical administration of therapeutic agents azone (Watton et al., 1985), essential oils and
offer many advantages for oral and intravenous terpens (Vinod et al., 1993; Nagai and Takayama,
administrations (Guy and Hadgraft, 1985). One 1993), lipids (Nishihata et al., 1987; Yokomiza,
of the major disadvantages in percutaneous drug 1996a,b; Kirjavainen et al., 1999a), various forms
delivery is its low normal drug penetration rate of lipid vesicles such as liposomes, niosomes
through the skin. Several techniques have been (Touitou et al., 1994; Vyas et al., 1995, Woy-
explored to increase the penetration of drugs, czikowski et al., 1996) and ethasomes (Touitou et

al.,, 1994, 2000; Dayan and Touitou, 2000) and
transfersomes (Cevc, 1996). In most lipid formula-
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lipid aggregates or applied together with a lipid
suspension in a hydrogel or more frequently, in an
oil-in-water emulsion (Cevc and Blume, 1992).

Diclofenac, a phenyl acetic acid derivative, is a
potent member of the non-steroidal anti-
inflammatory drugs (NSAIDs), which, due to its
gastrointestinal disturbances, is topically adminis-
trated in the form of a 1.16% gel (Reynolds,
1996). In recent years, there have been many
in-vitro reports on lipid-based NSAIDs formula-
tions, such as aqueous gel forms of diclofenac
(Nishihata et al., 1987), indometacin gel ointment
containing lipids (Natsuki and Takabatake, 1987)
niosomal diclofenac (Raja-Naresh et al., 1993)
and pluronic lecithin organo-gel (plo) of diclofe-
nac (Burnham et al., 1998; Grace et al., 1999).
The latter provides an affective short-term reduc-
tion in elbow pain and wrist extensor weakness
associated with chronic lateral epieondylitis.

We hereby describe three new lipid-based di-
clofenac formulations and compare their in-vitro
performance with that of a brand formulation
(Voltaren Emulgel®).

2. Materials and methods

2.1. Equipment

Instruments used were ultraviolet spectrophoto-
meter 160 A (Shimadzu, Tokyo, Japan), Franz
diffusion cell (locally made) and Vortex mixer
(Heidolph, Germany).

2.2. Materials

All chemicals used were of either analytical or
pharmaceutical grade. Soya lecithin (LipoidS75
containing: phosphatidylcholine 70.3%, phos-
phatidylethanolamine  9.5%, lysophosphatidyl-
choline 2.5%; Lipoid GmbH, Ludwigshafen,
Switzerland), diclofenac diethylammonium
(Unique Chemicals), egg lecithin, sodium cholate,
propylene glycol, isopropyl myristate, absolute
ethanol, potassium dihydrogen phosphate (all
from Merck Darmstadt, Germany). Carbomer
934, regenerated cellulose acetate membrane,
molecular weight cut-off 1000 (Spectra/por®-Spec-
trum Labs. Inc., Rancho Domingues, CA).

2.3. Methods

2.3.1. Sample preparation
Gel samples—in all formulations described be-
low, the concentration of diclofenac diethylam-

monium was 1.16%.

(a) A 1.16% lipogel diclofenac: egg lecithin was
dissolved in a mixture of isopropyl myristate
and propylene glycol (2.5:20 v/w) to which
34% v/w of an ethanolic solution of diclofe-
nac was added. The isotropic solution ob-
tained was mixed with an equal weight of 2%
Carbomer 934 gel by tituration. The final
concentration of egg lecithin was 0.25%.

(b) An aqueous gel containing mixed micelles was
prepared as follows: sodium cholate and
lecithin (molar ratio 0.55, total lipid concen-
tration 100 mg/ml) were dissolved in
methanol:chloroform (1:1 v/v) and dried in a
rotary evaporator and stored under vacuum
for 3 days to reach a constant weight. The
dried film was then reconstituted with purified
water, the resultant suspension was flushed
with N,, sealed and allowed to equilibrate for
2 days at room temperature to obtain a mixed
micellar solution (Alkan-onyuksel and Son,
1992). Diclofenac was then added to this solu-
tion and left to equilibrate. The time required
to reach the new micellar equilibrium state
was 24 h, as evidenced by its isotropy and the
absence of precipitation upon centrifugation.
The isotropic solution was then incorporated
into an equal weight of 2% Carbomer 934 by
tituration.

(c) A diclofenac lotion containing soya lecithin:
diclofenac was dissolved in warm absolute
ethanol and soya lecithin was then dissolved
in the mixture thus obtained. Sufficient quan-
tity of 0.2 M phosphate buffer pH = 7.4, was
then added dropwise (while stirring vigor-
ously) to reach a final concentration of 1%
soya lecithin and 34% ethanol.

2.3.2. In-vitro release studies

Our essential goal was to compare the in-vitro
release profiles of our formulations with that of a
known commercial product using an inert mem-
brane that is commonly used for such purposes.
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These membranes usually have a porous substruc-
ture made of a mixed hydrophobic/hydrophilic
matrix and are thus considered simple models of
the human skin. Although the permeabilities of
such membranes against drugs are, in absolute
terms, higher than the human skin, the data ob-
tained are nonetheless instructive as they merely
reflect the relative permeability of the various
formulations.

Pieces of synthetic membrane (Spectra/por)
were soaked in 0.2 M potassium dihydrogen phos-
phate buffer pH = 7.4, for 24 h before mounting
in a Franz-type diffusion cell, (receiving side: 50
ml degassed 0.2 M phosphate buffer, effective
diffusional area 12.56 cm?). About 4 g of sample
was placed on the donor side, fully covering the
membrane. The whole assembly was placed in a
water bath, maintained at 32 + 1 °C and continu-
ously well stirred. Care was exercised to remove
any air bubble from the under side of the mem-
brane and the receiving solution.

At specified time intervals (15, 30, 45, 60, 90,
150, 180 min) 2 ml samples were removed from
the receiver compartment, i.e. partial sampling
and refilled with an equal volume fresh buffer
(Shah, 1999). All samples were analyzed for di-
clofenac content spectrophotometrically using a
wavelength of 276 nm.

2.3.3. Statistical analysis

Nonparametric tests of comparisons amongst
different formulation were performed using
Kruskal-Wallis and Mann—Whitney test. The
former was used to test the significant effect of
formulation on the diffusion coefficient and the
latter allowed the pair-wise comparison of any
two formulations. The significant level was set at
a=0.05.

3. Results and discussion

The drug release profiles of diclofenac across
the Spectra/por membrane from the three lipid-
based formulations as well as brand formulation
(Voltaren Emulgel) and their corresponding diffu-
sion coefficients were calculated via Higuchi’s
procedure (Higuchi, 1967) Figs. 1 and 2. Each
data point represents the statistical average of
independent determinations. Different formula-
tion significantly affected the diffusion coefficient
(Kruskal-Wallis test, H=16.89, P =0.001).
Based on the paired comparison of formulations
using Mann—Whitney tests, the following ranking
of diffusion coefficients is concluded: Diclofenac
lotion > Lipogel > Voltaren Emulgel > Mixed mi-
celle gel. The results show that diclofenac lotion

Drug Release Profile of various formulations of Diclofenac 1.16%
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Fig. 1. Drug release profiles of various formulations of Diclofenac 1.16% and brand sample according to the Higuchi equation. Each
point represents the mean of five independent experiments, P < 0.05.
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Fig. 2. Comparing the diffusion coefficient of various formulations of diclofenac, n =5 independent experiments (P < 0.05).

(probably ethasomal form) shows the highest
value of drug diffusion coefficient (D = 5.308 x
10~7 cm?/s) P <0.05. Thus, it is likely that the
formulation is similar to ethasomes recently intro-
duced for delivery of trihexylphenidyl to the skin
(Touitou et al., 1994, 2000). Diclofenac lotion
may contain small vesicles that withstand high
concentrations of ethanol (34% v/v) (Kirjavainen
et al., 1999b). The drug diffusion coefficient corre-
sponding to the aqueous gel containing mixed
micelles (D =0.966 x 10~7 cm?/s) is the lowest
compared to brand formulation (Voltaren
Emulgel®) and other formulations studied here
(P <0.05), This may be due to a decrease in the
availability of free drug as a result of micellar
complexation, i.e. the tendency of the drug to
leave the vehicle is strongly dependent on its
microstructure. The mixed micellar solution is

yellowish, clear and isotropic and upon tituration
with carbopole, produce clear yellowish gel. The
drug diffusion coefficient corresponding to that of
lipogel formulation (D =2.102 x 107 cm?/s) is
superior to the brand formulation, Voltaren
Emulgel (D =1.518 x 107 cm?/s) and all other
formulations. The drug diffusion coefficient corre-
sponding to the lipogel formulation (D = 2.102 x
10~7 cm?/s) is superior to that of Voltaren
Emulgel (D =1.518 x 10~7 cm?/s).

In the case of lipogel formulation, propylene
glycol and ethanol were added as cosolvents to
selectively increase the solubility of diclofenac in
the aqueous media (rather than in micellar por-
tion of the gel). Ethanol, along with lecithin, act
as a permeability enhancer (Nishihata et al., 1987;
Ho et al., 1994; Kirjavainen et al., 1999a). Isopro-
pyl myristate which comprise the oil phase also
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acts as an enhancer (Arellano et al., 1999). An-
other effect of adding lecithin into the lipogel
formulation is to improve the emulsifying power
of the medium, thereby enhancing the drug re-
lease profile.

4. Conclusions

The results presented clearly show that diclofe-
nac lotion and lipogel have superior release rates
and diffusion coefficients. In contrast, the lowest
release rate is found for the mixed micellar
aqueous gel that may be attributed to its lower
free drug concentration as a consequence of its
interaction with the excipient molecules.

Acknowledgements

The authors wish to express their sincere appre-
ciation to Dr A. Mehdisadeh of Hakim Pharma-
ceutical Co. for his generous help in repetition of
drug formulations and validation of release profile
experiments. The authors express their gratitute to
Hakim Pharmaceutical Company for their finan-
cial assistance as well as their technical help in
repetition, confirmation and statistical analysis of
the laboratory data.

References

Alkan-onyuksel, H., Son, K., 1992. Mixed micelles as prolipo-
somes for the solubilization of teniposide. Pharm. Res. 9
(12), 1556-1562.

Arellano, A., Santoyo, S., Martin, C., Ygartua, P., 1999.
Influence of propolene glycol and isopropyl myristate on
in-vitro percutaneous penetration of diclofenac sodium
from carbopol gel. Eur. J. Pharm. Sci. 7 (2), 129-135.

Burnham, R., Gregy, R., Healy, P., Steadward, R., 1998. The
effectiveness of topical diclofenac for lateral epicondylitis.
Clin. J. Sport Med. 8 (2), 78-81.

Ceve, G., 1996. Transfersomes, liposomes and other lipid
suspensions on the skin: permeation enhancement of vesi-
cle penetration, and transdermal drug delivery. Crit. Rev.
Ther. Drug Carrier Sys. 13 (3—4), 257-388.

Ceve, G., Blume, G., 1992. Lipid vesicles penetrate into intact
skin owing to the transdermal osmotic gradients and hy-
dration force. Biochem. Biophys. Acta 1104, 226-232.

Dayan, N., Touitou, E., 2000. Carriers for skin delivery of
trihexyl phenidyl HCl: ethasomes vs liposomes. Biomateri-
als 21 (18), 1879-1885.

Grace, D., Rogers, J., Skeith, K., Anderson, K., 1999. Topical
diclofenac versus placebo: a double blind, randomized
clinical trial in patients with oesteoarthritis of the knee. J.
Rheumatol. 26 (12), 2659-2663.

Guy, R.H., Hadgraft, J., 1985. Transdermal drug delivery: the
ground rules are emerging. Pharm. Int. 6, 112-116.

Higuchi, W.1., 1967. Diffusional models useful in biopharma-
ceutics, drug release rate processes. J. Pharm. Sci. 56 (3),
315-324.

Ho, H.O., Huang, F.C., Sokoloski, T.D., Sheu, M.T., 1994.
The influence of cosolvents on the in-vitro percutaneous
penetration of diclofenac sodium from gel system. J.
Pharm. Pharmacol. 46, 636—-642.

Kirjavainen, M., Monkkonen, J., Saukkosaari, M., Valjakka-
koskela, R., Kiesvaara, J., Urtti, A., 1999a. Phospholipids
affect strateum corneum lipid bilayer fluidity and drug
partitioning into the bilayers. J. Control. Rel. 29 (2),
207-214.

Kirjavainen, M., Urtti, A., Valjakka-koskela, R., Kiesvaara,
J., Monkkonen, J., 1999b. Liposome-skin interaction and
their effects on the skin permeation of drugs. Eur. J.
Pharm. Sci. 7 (4), 279-286.

Lopez, A., Linares, F., Cortell, C., Herraes, M., 2000. Com-
parative enhancer effects of Span (R) 20 with Tween (R) 20
and Azon (R) on the in vitro percutaneous penetration of
compounds with different lipophilicities. Int. J. Pharm. 20
(202(1-2), 133-140.

Nagai, T., Takayama, K., 1993. Development of new func-
tionality materials for promoting drug transport across
skin. In: Tsuruta, T., Doyama, M., Seno, M., Imanishi, Y.
(Eds.), New Functionality Materials, vol. B. Elsevier Sci-
ence, Amsterdam.

Natsuki, R., Takabatake, E., 1987. Effects of lecithin on
percutaneous absorption of drugs. I: Absorption and ex-
cretion of indometacin gel-ointment through rat back skin.
Yakugaku Zasshi 107 (8), 611-621.

Nishihata, T., Kotera, K., Nakano, Y., Yamazaki, M., 1987.
Rat percutaneous transport of diclofenac and influence of
hydrogenated soya phospholipids. Chem. Pharm. Bull. 35
(9), 3807-3812.

Raja-Naresh, R.A., Singh, U.V., Udupa, N., Pillai, G.K.,
1993. Anti-inflammatory activity of niosome encapsulated
diclofenac sodium in rats. Ind. Drugs 30, 275-278.

Reynolds, J.E. (Ed.), 1996. Martindale, the Extra Pharmaco-
poeia, thirty-first ed. The Royal Pharmaceutical Society,
pp. 1720-1722.

Shah, V.P., 1999. Role of in vitro release measurement in
semisolid dosage forms. In: Bronaugh, R.L., Maibach, H.I.
(Eds.), Percutaneous Absorption Drug-Cosmetic-Mecha-
nism and Methodology, third ed. Marcel Dekker, New
York, pp. 554-569.

Touitou, E., Junginger, E., Weiner, D., Nagai, T., Mezei, M.,
1994. Liposomes as carriers for topical and transdermal
delivery. J. Pharm. Sci. 83 (9), 1189-1203.



190 S. Parsaee et al. / International Journal of Pharmaceutics 241 (2002) 185—190

Touitou, E., Dayan, N., Bergelson, L., Goodin, B., Elias, M.,
2000. Ethasomes—novel vesicular carriers of enhanced
delivery, characterization and skin penetration properties.
J. Control. Rel. 3 (65(3), 403-418.

Vyas, S.P., Singh, R., Asati, R.K., 1995. Liposomally encapsu-
lated diclofenac for sonophoresis induced systemic deliv-
ery. J. Microencapsul. 12 (2), 149-154.

Vinod, P., Shah, V.P., Maibach, H., 1993. Topical Drug
Bioavailability, Bioequivalence and Penetration. Plenum
Press, New York.

Watton, P.K., Mollgaard, B., Hadgraft, J., Hoelgaard, A.,
1985. Vehicle effect topical drug delivery, III. Effect of
Azon on the cutaneous permeation of metronidazol and
propylene glycol. Int. J. Pharm. 24, 19-26.

Woyczikowski, B., Szuls, J., Janicki, S., 1996. Effect of the
mode of preparation of liposomes on trapping efficiency of
sodium diclofenac. Farm.-Pol. (Farmaja-polska) 52 (21),
1011-1015.

Yokomiza, Y., 1996a. Effect of phospholipids on the percuta-
neous penetration of drugs through the dorsal skin of the
guinea pig, in vitro, part 3. Effects of phospholipids on
several drugs having different polarities. J. Control. Rel.
42, 217-228.

Yokomiza, Y., 1996b. Effects of phospholipids on the percuta-
neous penetration of drugs through the dorsal skin of
guinea pigs, in vitro and analysis of the molecular mecha-
nism, using attenuated total reflectance-Fourier transform
infrared (ATR-FTIR) spectroscopy. J. Control. Rel. 42,
249-262.



	In-vitro release of diclofenac diethylammonium from lipid-based formulations
	Introduction
	Materials and methods
	Equipment
	Materials
	Methods
	Sample preparation
	In-vitro release studies
	Statistical analysis


	Results and discussion
	Conclusions
	Acknowledgements
	References


