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ABSTRACT

Herbal remedies like the Indian penny wort, walnut, and turmeric are useful in traditional medicine for the treatment of
many skin diseases, especially eczema.The aim of the present study was to formulate a microemulsion, a gel,and an
ointment containing these plant extracts and to evaluate their in vitro release using markers.The in vitro release was
assessed using Franz cells and two different types of membranes, nylon and cellulose.The three formulations showed
different releases, except for the microemulsion and gel of Indian penny wort and walnut, which had similar release
profiles.The study showed that the nylon membrane had a faster release than the cellulose membrane. However, first-order
release kinetics for all three formulations were only observed for the cellulose membrane.In this study, the cellulose
membrane showed more discriminative power to differentiate among the three tested herbs and their formulations. This
demonstrates that it is important to investigate the impact of the membrane on the release pattern of different formulations.

In vitro diffusion cell experiments can be used to develop improved formulations of traditional medicines.

INTRODUCTION
any skin diseases are prevalent in society; among
M them, eczema is the most common skin disease
in hot climate countries. Different types of herbal

remedies are used as household treatments for eczema. In
Asia pastes of Centella asiatica (Indian penny wort), Juglans
nigra (walnut leaves), along with the rhizome of Curcuma
longa (turmeric) are topically applied to treat eczema.

Centella asiatica L., fam. Mackinlayoideae, is commonly
known as the gotu kola or Indian penny wort.The plant
leaves are used as an herbal tea, extracts are used to treat
skin problems (7),and poultices are used on open sores.
Centella asiatica’s ability to aid wound healing was utilized
in traditional medicine to treat leprosy using topical
dosage forms. Scientific evidence shows that treatment
with Centella asiatica activates type | collagen (2, 3), which
helps the maturation of scar tissue. Centella asiatica can
also decrease inflammatory reactions and myofibroblast
production. It also has antioxidant properties (4).

Black walnut (Juglans nigra L., fam.Juglandaceae) is
used to prepare tea by boiling the leaves in water,and
the decoct is used in baths and bandages as well as for
topical rinse solutions to treat skin infections. Walnut
leaves are traditionally used to treat athlete’s foot, eczema,
herpes, psoriasis, and different types of skin parasites.
Astringent tannins are important ingredients of walnut
leaves.These tannins cross-link with the skin cells enabling
them to be more resistant to microorganisms (5).1n
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addition, high concentrations of vitamin C are found in
walnut leaves (6, 7).

Curcuma longa L. (fam. Zingiberaceae), also known as
turmeric, is used as a household remedy for many diseases.
Turmeric has anti-inflammatory and antioxidant effects.
Traditionally, turmeric powder is mixed with sweet lime
juice and salt to treat sprained ankles. It is reported that a
paste gives quick and long-lasting relief. Other traditional
uses include sprinkling the powder on wounds or ulcers to
increase healing. Turmeric is an antiseptic (8) and stops
bleeding and is used for cuts or burns (4).

The aim of the present study was to prepare three
dosage forms, a microemulsion, a gel,and an ointment,
using these herbal plant extracts and evaluate their
release from the topical preparations using Franz cells.
Two types of membranes, nylon and cellulose, were
evaluated to determine if differences between their
discriminative properties exist. Drug release from three
topical preparations containing traditional remedies was
investigated.

MATERIALS
Chemicals

Curcumin was chosen as the analytical standard for
turmeric and was purchased from PCCA (London, ON).The
analytical markers for walnut and Indian penny wort were
juglone and asiaticoside, respectively. Hard paraffin, wool
fat, cetostearyl alcohol, and white soft paraffin were
purchased from Sigma Aldrich. Oleic acid was from Merck,
Germany. Carbopol P934 was obtained from Wilson
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Islamabad, Pakistan. Acetonitrile, methanol, acetone,
disodium hydrogen phosphate, potassium dihydrogen
phosphate, triethanolamine, and ethanol (95%) were
purchased from Caledon. Glacial acetic acid and
Polysorbate 20 were from Fisher Scientific. Nylon
membrane filter (hydrophobic, 0.22 ym, 125-um thickness,
and 25-mm diameter) and mixed cellulose ester
membrane filter (hydrophilic,0.025 pm, 180-pm thickness,
and 25-mm diameter) were obtained from Millipore Corp.

Preparation of Apparatus and Sampling

The experimental setup for all experiments included six
Franz diffusion cells with open caps and flat ground glass
with an orifice diameter of 15 mm and a receiver volume
of about 12 mL.The temperature of the receiver medium
was maintained at 32.5 °C using a circulating thermostated
bath (Haakel D2).The receptor medium was stirred using a
magnetic stirrer at 600 rpm (IKA).The top of the Franz cell
was covered with a membrane, and the open cap was
fixed on the Franz cell with a clamp.The system was
allowed to equilibrate for at least 30 min.The receptor
medium was composed of 60 mL USP alcohol and 140 mL
of water (9).The medium was filtered through a 47-mm
diameter, 0.45-ym membrane via vacuum to degas the
solution.The test was started after 500 mg of formulation
was added to the top of the membrane via a syringe. At
each sampling time point, 0.5-mL samples were collected
through the sampling port using a 1-mL syringe.The
stirring was stopped when samples were taken and
resumed afterward. Sampling time points were 0.5, 1, 2, 3,
4,5,6,12,and 24 h for the test preparations.The withdrawn
medium was replaced with fresh medium.The calculation
was adjusted for the withdrawn amounts (70). HPLC assays
were used to quantify the samples (9).The HPLC system
was equipped with a Shimadzu LC 600 pump, a Jasco UV/
VIS detector, and a Jasco 851-AS autosampler. Clarity
software (DataApex) was used for data acquisition.The
analytical column was a reversed-phase C18 Lichrospher
100 RP-18 column, 125 x 4.6 mm (Merck).

Indian Penny Wort

The mobile phase consisted of acetonitrile, methanol,
and water (22:28:50) and was degassed before use.The
detection of asiaticoside, a marker for penny wort, was
performed at 204 nm; the flow rate was 0.8 mL/min (77).
Asiaticoside stock solution was made using methanol.The
calibration curve had a range of 0.03125-0.5 mg/mL and a
regression coefficient of 0.996.The quantification of the
marker in the plant extract was performed by dissolving
0.5 g of extract in methanol.The retention time for
asiaticoside was 6.1 min. Each formulation contained 5%
(w/w) plant extract, and the test sample of 0.5 g of each
Indian penny wort extract formulation contained 0.53 mg
of asiaticoside.

Walnut
The analytical assay of walnut was performed as
described by Hadjmohammadi et al. (72). The mobile

Dissolution Technologies | NOVEMBER 2010

diss-17-04-04.indd 28

phase was acetonitrile and pH 4.0 phosphate buffer
(50:50). UV detection was at 250 nm and the flow rate was
0.9 mL/min.The phosphate buffer was made by dissolving
8.9 g of disodium hydrogen phosphate and 3.4 g of
potassium dihydrogen phosphate in one liter of distilled
water.The mobile phase was degassed before use.Juglone
standard solutions were made in acetonitrile in the

range of 0.3125-5 mg/mL, and the standard curve had a
regression coefficient of 0.994.The amount of juglone in
the extract was determined by dissolving 0.5 g of extract
in acetonitrile. The retention time for juglone was 4.0 min.
Each formulation contained 5% (w/w) plant extract,and
the test sample of 0.5 g of each walnut extract formulation
contained 0.888 mg of juglone.

Turmeric

The analytical assay for turmeric was followed as
described by Heath et al. (73).The mobile phase contained
acetonitrile, methanol, water, and glacial acetic acid
40:35:24:1 with a pH of 4.1. UV detection was at 246 nm
and the flow rate was 0.9 mL/min. A curcumin standard
solution was made in acetone in concentrations of
0.3125-5 mg/mL.The regression coefficient of the
standard curve was 0.995.The amount of curcumin in the
extract was determined by dissolving 0.5 g extract in
acetonitrile. The retention time of curcumin was 2.7 min.
Each formulation contained 5% (w/w) plant extract,and
the test sample of 0.5 g of each formulation of tumeric
extract contained 0.5 mg of curcumin.

Preparation of a Microemulsion

The microemulsion was prepared as described by Chen
et al.(74). A surfactant mixture was prepared by manually
mixing polysorbate 20 and ethanol as surfactant and
cosurfactant, respectively,in a 2:1 ratio. A 4.6-g aliquot of
the surfactant mixture was added to 0.5 g of oleic acid (oil)
and mixed vigorously with magnetic stirring. Plant extracts
(0.5 g) were added to the surfactant mixture and then into
oleic acid and stirred until completely dissolved.Then 4.4 g
of filtered, deionized water was added gradually under
constant stirring (1200 rpm) at ambient temperature.

Preparation of a Carbopol Gel

A carbopol gel was prepared as described by Proniuk
et al.(15).Carbopol 934P was gradually dissolved in distilled
water under constant stirring (1200 rpm) at ambient
temperature to make a 1% solution.Triethanolamine was
added dropwise until a gel formed; the gel had a pH of
5.3.The 0.5-g plant extracts were added, then pH was
determined. Indian penny wort gel had a pH of 5.5, walnut
gel a pH of 6.2, and turmeric gel a pH of 5.6.

Preparation of Ointment

Simple Ointment BP was prepared by melting 4.75 g of
hard paraffin at 60 °C, to which 4.75 g of wool fat was
added, followed by 4.75 g cetostearyl alcohol.The
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Figure 1. Comparison of the release profiles of asiaticoside from three dosage forms containing Indian penny wort using (A) nylon and (B) cellulose membrane.

ointment was cooled and stirred until it reached room
temperature. White soft paraffin (80.75 g) and 5 g extract
were added (76).

Statistical Analysis

Wilks Lambda two-way multivariate ANOVA was used to
compare the effect of the cellulose and nylon membranes
using SPSS 18 software (77).For the comparison of the
formulations, the f, factor analysis was used (78).The
release data of all formulations were fit to a first-order
release model (79, 20) and then compared with one other.
Flux (J) was calculated as pg/h/cm? (21, 22).

RESULTS
Comparison of Three Dosage Forms of Indian
Penny Wort

Samples (500 mg) of topical formulations containing
Indian penny wort extract were tested using both types
of membranes. Figure 1 shows the release profiles of
asiaticoside from three dosage forms.The microemulsion
and the gel showed two distinct release patterns for both
membranes. For the nylon membrane, both formulations
showed similarity in their release patterns (f, = 83.29)
when compared in the first 6 h (Table 1). However, after 6 h
their release patterns were not similar (f, = 49.82).The
cellulose membrane showed similar release patterns
for the microemulsion and the gel up to 24 h (f, = 65.02),
and the release data fit well to a first-order model. The
ointment showed four different release rates within 24 h
when the nylon membrane was used.The f, was below 50
when compared with the other formulations. A first-order
release from the ointment was observed when the

diss-17-04-04.indd 29

cellulose membrane was used.The p values corresponding
to the Wilks Lambda statistics show that the nature of the
membrane had a significant impact on the release profiles
of tested formulations.

Comparison of Three Dosage Forms of Walnut

Samples (500 mg) of topical formulations containing
walnut extract were tested using both types of membranes.
Figure 2 shows the release profiles of juglone from three
dosage forms.Both membranes were able to differentiate
among the different formulations within 24 h.For the
nylon membrane, it was observed in the first 6 h that the
release profiles from the microemulsion and gel were
similar (f, = 68.37).The release profile for the ointment
with the nylon membrane was first-order but was not
similar to the other formulations.The cellulose and nylon
membranes showed similar release profiles. However, the
cellulose membrane was better able to differentiate
among the different formulations.The corresponding f,
values are given in Table 1.The p values corresponding to
the Wilks Lambda statistics for the walnut formulations
show that the nature of the membrane had significant
impact on the release profiles.

Comparison of Three Dosage Forms of Turmeric
Samples (500 mg) of topical formulations containing
tumeric extract were tested using both types of
membranes. Figure 3 shows the release profiles of curcumin
from the three tested dosage forms. As shown in Figure 3,
the microemulsion and the gel exhibited changes in
their marker release profiles over 24 h with the nylon
membrane. Additionally, the ointment released its content
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Table 1.f, Factor Analysis for Three Dosage Forms of Indian
Penny Wort, Walnut, and Turmeric (from 0-24 h)

Formulation Nylon membrane Cellulose membrane
0-6h 0-24h 0-6h 0-24h
f, factor analysis for Indian penny wort
Microemulsion vs.gel ~ 83.29 49.82 78.87 65.02
Microemulsion vs. 40.40 3161 4592 36.35
ointment
Gel vs.ointment 41.90 40.09 49.59 42.25
f, factor analysis for walnut
Microemulsion vs.gel  68.37 60.31 60.03 51.38
Microemulsion Vs, 40.41 34.70 47.09 40.30
ointment
Gel vs.ointment 45.86 41.78 59.04 56.82
f, factor analysis for turmeric
Microemulsion vs.gel ~ 52.52 47.24 62.06 55.01
Microemulsion vs. 50.13 31.03 60.78 44.52
ointment
Gel vs.ointment 63.59 41.10 78.65 60.28

faster than the gel in the first 4 h.The ointment release in
the first 6 h was similar to that of the microemulsion

(f, =50.13), but after 24 h it was no longer similar

(f, =31.03).The ointment showed a first-order release with

both membranes.With the cellulose membrane, the
microemulsion and the ointment also had similar release
patterns in the first 6 h (f, = 60.78) but not by 24 h

(f, = 44.52).The ointment and gel had similar release
patterns up to 24 h according to the f, comparison
(f,=60.28).The p values corresponding to the Wilks
Lambda statistics show that the nature of the membrane
had a significant impact on the release profiles of the test
formulations.

DISCUSSION

The investigation of release patterns from topical
formulations is not new, but there are only a few studies
that investigate the release of markers from traditionally
used medicinal plants.In the present study, markers were
used as surrogates for the entire extract. As seen in the
graphs, at least two distinct release profiles for the
microemulsion and gel were obvious within 24 h, one
from 0 to 6 h and one from 6 to 24 h. After 6 h, it was
observed that the microemulsion was diluted by the
receptor medium, and the gel began to swell. This was
most prominent when the nylon membrane was used.The
often-observed change in the release profiles after 6 h
might be due to this dilution factor or to the solubility of
markers in the receptor medium. An observation time of
6 h seemed to be sufficient to assess the release from the
three formulations. This period would avoid undesirable
effects, which might not be dosage-form related.

In this study, two types of membranes (0.22-um nylon
membrane and 0.025-pum cellulose membrane) were used.
Table 2 shows that the nylon membrane had the highest
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Figure 2. Comparison of the release profiles of juglone from three dosage forms containing walnut using (A) nylon membrane and (B) cellulose membrane.
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Figure 3. Comparison of the release profiles of curcumin from three dosage forms containing turmeric using (A) nylon membrane and (B) cellulose membrane.

flux (23) for all formulations compared with the cellulose
membrane. This might be due to the thickness of 125 ym
and the porous nature of the membrane (24).The cellulose
membrane was 180 um thick and had 10-fold smaller
pores. It was statistically observed that both membranes
impacted the marker release differently (p < 0.05).This
study is consistent with previous works of Clement et al.
(25) who described the release of caffeine from water-in-
oil emulsions and alcoholic gels. Here the nature of the
membrane also affected the release. In another study, a
nylon membrane gave better results compared with a
Sil-Tec membrane as reported by Gallagher et al. (24).
The factors that influence the release from a topical
dosage form are the concentration of the marker in the
vehicle, solubility of the marker in the vehicle, diffusion
coefficient of the marker in the vehicle, partition coeffi-
cient of the marker between the vehicle and membrane,
and the nature of the membrane including thickness and
pore size. In this study, the membrane with the smaller

pore size had more discriminatory power to differentiate
among the tested formulations. More studies are needed
to conclude if the observed differences were only an effect
of pore size or if the nature of the membrane material also
contributed to the discriminatory power.

CONCLUSION

The study demonstrated that in vitro release experi-
ments using Franz cells were successfully applied to
traditional medicinal extracts.The three formulations
showed different release rates, except for the microemul-
sion and gel of Indian penny wort and walnut, which had
similar release profiles. The microemulsion had the fastest
release through both membranes compared with the gel
or ointment. Statistical analysis proved that both mem-
branes had a significant impact on the marker release.The
cellulose membrane showed first-order release for all
three herbs and formulations.This membrane had more
discriminative power to differentiate among formulations

Table 2. Flux Values of Formulations

Formulations Indian Penny Wort

Walnut Turmeric

Nylon membrane Cellulose membrane

Nylon membrane

Cellulose membrane ~ Nylon membrane Cellulose membrane

pg/cm?/h pg/cm?/h pg/cm?/h pg/cm?/h pg/cm?/h pg/cm?/h
Microemulsion 6.13 3.55 6.63 5.64 8.40 3.31
Gel 2.21 1.91 3.37 3.31 4.71 2.75
Ointment 1.90 1.09 217 1.80 0.66 0.19
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and
that

membrane on the release pattern of different formulations.

should be used for future studies.This demonstrates
it is important to investigate the impact of the

In vitro diffusion cell experiments can be used to develop
improved formulations of traditional medicines.
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