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Abstract

Antioxidants such as vitamins E and C are known to play a significant role in ameliorating or preventing oxidative
damage to the skin. However, to provide a satisfactory protection they must first permeate the skin, which serves as a
permeation barrier. In this study we evaluated the influence of three different formulations (gel, gel-emulsion and
emulsion) on the percutaneous absorption of 4-nerolidylcathecol, an antioxidant compound isolated from Pothomorphe
umbellata root extracts. Also, the absorption of the isolated 4-nerolidylcathecol was compared with its absorption when
dried P. umbellata root ethanolic extract was incorporated into a gel formulation. The ‘lag time method’ was employed
for the analysis of the in vitro permeation data. All formulations showed satisfactory percutaneous penetration with the
4-nerolidylcathecol—gel presenting a higher rate of penetration leading to higher dry drug levels in the tissue.

© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

Chronic oxidative stress, which occurs in mod-
ern life as a result of excessive sun exposure and
increasing air pollution, may justify supplementa-
tion with antioxidants in order to retard the
cutaneous aging process (Emerit, 1992). Antiox-
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idants from natural products may provide new
possibilities for the treatment and prevention of
oxidative stress-mediated diseases. Some enzymes
and secondary compounds of higher plants have
demonstrated protective effects against oxidative
damage by inhibiting or quenching free radicals
and reactive oxygen species (Larson, 1988). The
Brazilian flora is rich in medicinal plants with a
high potential for providing antioxidant sub-
stances. Among them, the Piperaceae family,
particularly the ‘pariparobas’, are widely used in
Brazilian folk medicine for the treatment of liver
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diseases, among other uses. The root of Potho-
morphe umbellata (L.) Miq. was included in the
first edition of the Brazilian Pharmacopoeia (Silva,
1926).

Crude root ethanolic extracts of P. umbellata
demonstrated a significant activity in the preven-
tion of in vitro spontaneous brain lipid peroxida-
tion (Barros et al., 1996). This activity was
attributed to 4-nerolidylcathecol (Fig. 1), a com-
pound isolated from hexane extracts of roots and
leaves of P. wumbellata (Kijjoa et al.,, 1980).
Experiments comparing the total reactive antiox-
idant potential and total antioxidant reactivity of
4-nerolidylcathecol and methanolic extracts of P.
umbellata in a homogenous system indicate a
higher antioxidant potential of the extract, sug-
gesting the presence of additional compounds with
antioxidant activity in the extracts (Desmarchelier
et al., 1997).

In a previous study, we evaluated the antiox-
idant activity of P. umbellata crude root extract
incorporated into a hydrophilic ointment to a final
concentrations of 0.05, 0.1, 0.2 and 2% w/w of 4-
nerolidylcathecol on the skin of hairless mice. This
antioxidant activity was evaluated in comparison
with different concentrations (0.2, 2, 5 and 10% w/
w) of a-tocopherol (Sigma) incorporated into the
same vehicle. Lipid peroxidation of skin homo-
genates incubated at 37 °C for 2 h was evaluated
as thiobarbituric acid reactants (TBARS) and
chemiluminescence (CL) 18 h after treatment.
Animals treated with P. umbellata root extract
showed a decrease of up to 90% in the lipid
peroxidation parameters for concentrations higher
than 0.1%. Our model demonstrated a significant
decrease in TBARS and CL only for higher
concentrations of a-tocopherol (5 and 10% w/w).
The results indicated a potent antioxidant activity
of P. umbellata root extract, suggesting its appli-

OH

Fig. 1. 4-nerolidylcathecol.

cation in cosmetic formulations (Ropke et al.,
1999; Ropke et al., 2000).

Topical administration of antioxidants provides
a manner of enriching the endogenous cutaneous
protection system and represents a successful
strategy for reducing the ultraviolet radiation-
mediated oxidative damage (Saija et al., 1998;
Fuchs, 1998; Lopez-Torres et al., 1998).

In order to elicit the antioxidant activity in the
case of a topical formulation, the active compound
must be capable of first permeating the skin, which
serves as a permeation barrier. As the UV radia-
tion penetrates deeply into the skin, topically
applied antioxidant drugs may offer a satisfactory
photoprotection to the skin only if they are able to
reach deeper cutaneous layers (Bonina et al., 1996;
Saija et al., 2000). Percutaneous penetration, that
is, the passage through the skin, involves the
dissolution of a drug in a vehicle, diffusion of the
solubilized drug from the vehicle to the surface of
the skin, and the penetration of the drug through
the layers of the skin, mainly the stratum corneum.
This penetration may be improved by selecting the
appropriate vehicle (Martin and Bustamante,
1993; Idson, 1983; Pirot et al., 1996).

Thus, in the present study we evaluated the
percutaneous absorption of isolated 4-nerolidyl-
cathecol from three different formulations, plus its
absorption from P. wumbellata root ethanolic
extract gel. The ‘lag time method’ was employed
for the analysis of in vitro permeation data (Barry,
1983).

2. Material and methods

2.1. Animals

Albino hairless mice of the HRS/J strain were
bred in our laboratory. Animals were approxi-
mately 10 weeks old at the beginning of the
experiment and were housed in cages in a room
with controlled temperature and humidity and
with a 12-h light:12-h dark cycle. Mice were given
food and water ad libitum.
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2.2. Test materials

Methanol, ethanol and hexane lichrosolv grade
and KCl p.a. were from Merck (Darmstadt,
Germany). LiClO4 was from Aldrich. 4-Nerolidyl-
cathecol, used as a standard chemical substance,
was isolated as described (Kijjoa et al., 1980) from
a specimen growing in our garden.

2.3. Extract preparation

The extract was prepared from dried powdered
roots of P. umbellata obtained from the medicinal
herb garden of the School of Pharmaceutical
Science, University of Sao Paulo. The plant
material was identified and a sample was deposited
in the Herbarium of the Institute of Biosciences of
the University of Sdo Paulo. Powdered roots were
percolated according to the Brazilian Pharmaco-
poeia (Silva, 1926), with ethanol:water (1:1) (100
ml/g of dried powdered roots) and the extract was
freeze-dried. The final concentration of 4-neroli-
dylcathecol in the crude extract was 25.4% (w/w),
as determined by HPLC using electrochemical
detection.

2.4. Formulations

Three formulations containing 0.1% 4-neroli-
dylcathecol (hydrophilic gel, gel-emulsion and O/
W emulsion) were prepared. A fourth formulation
was prepared as a hydrophilic gel containing P.

Table 1

umbellata root extract with a final concentration
of 0.1% 4-nerolidylcatechol (Table 1). This con-
centration of 4-nerolidylcathecol was chosen be-
cause it was the minimal active concentration in
our previous study (Ropke, 1999; Ropke et al.,
2000).

2.5. In vitro skin permeation experiments

In vitro studies with intact hairless mouse skin
(HRS/J, male) were performed as follows. After
ether anesthesia, full thickness skin was obtained
from 10-week-old mice. The dorsal skin without
adhering subcutaneous fat was mounted on a
modified Franz diffusion cell (1.61 cm? surface
area). Test formulations (600 mg) were applied to
the epidermal surface of the skin, completely
covering the exposed skin area. The receiving
compartment contained 12 ml of ethanol:water
(1:1, v/v) to ensure sink conditions (Touitou and
Fabin, 1988). Compounds that are essentially
insoluble in water may not partition freely from
excised skin into an aqueous receptor fluid (Bro-
naugh and Steward, 1983). The receiving solution
was stirred and maintained at 37 °C during the
experiment. The receptor fluid was sampled from a
side arm at predetermined times (0, 0.5, 1, 2, 4, 6,
8, 11.5 and 24 h) during the absorption process.
The sample volume (600 pl for each time) was
replaced with fresh solution. Samples (20 pl) were
injected directly into the chromatographic system
and analyzed for 4-nerolidylcathecol content by

Composition (% w/w) of the formulations used to evaluate percutaneous absorption of P. umbellata extract and 4-nerolidylcathecol

Emulsion O/W Gel-emulsion Gel P. umbellata gel
Carbopol 940 0.3 0.6 0.6
Propylene glycol 10.0 10.0 10.0 10.0
Triethanolamine 0.25 0.5 0.5
Liquid Vaseline 6.0
Cetiol V® 3.0 1.5
Lanette N® 5.0 2.5
Methyl paraben 0.15 0.15 0.25 0.25
Propyl paraben 0.05 0.05
4-Nerolidylcathecol 0.1 0.1 0.1
P. umbellata root extract 4.2
Distilled water gs 100 100 100 100
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electrochemical detection. Each experiment was
performed in triplicate.

2.6. Quantitative analyses of 4-nerolidylcathecol
absorbed into the skin

After the in vitro permeation experiments, the
surface of the hairless mouse skin was washed with
140 mM NaCl in 40 mM phosphate buffer, pH 7.4.
The skin sheets were cut into small pieces, homo-
genized (1:10) in an isotonic ice-cold buffer
(phosphate buffer, pH 7.4) with an Ultra-Turax
blender and subsequently with a Teflon pestle in a
tight-fitting glass vessel. 4-Nerolidylcathecol was
extracted from the homogenate using a modifica-
tion of the procedure described by Burton et al.
(1985). Briefly, 500 ul of 1 M sodium dodecylsul-
fate, 1.0 ml of methanol and 6.0 ml of hexane were
added to 500 ul of homogenate samples. A fraction
of the hexane layer was evaporated under nitro-
gen, dissolved in ethanol and analyzed by HPLC
with electrochemical detection. To determine the
recovery from the skin, the intact skin was spiked
with known quantities of the compound and
homogenized, extracted and analyzed as described
above.

2.7. In vivo permeation experiment

Mice were treated topically over the dorsal
surface (on a defined site of 4 cm?) with 80 mg
of P. umbellata gel. This amount of treatment
provides approximately 20 pg/cm? of 4-nerolidyl-
cathecol. Two hours and a half after treatment,
mice were killed and the drug-treated skin area
was washed with 140 mM NaCl in 40 mM
phosphate buffer, pH 7.4. Skin sheets were homo-
genized, extracted and analyzed as described in
Section 2.6. A fraction of the hexane layer was
evaporated under nitrogen, dissolved in ethanol
and analyzed by HPLC with electrochemical
detection.

2.8. Stability of 4-nerolidylcathecol to UV exposure
A group of mice treated exactly as described in

Section 2.7 was exposed to a single dose of UVB
radiation for 30 min (0.23 mJ/cm?, ca. 2 MED for

these mice) 2 h after treatment. Light was provided
by a Philips TL12rs 40 W UVB lamp. The mice
were irradiated individually in glass chambers. The
distance from the lamps to the dorsal surface of
the mice was 26 cm. The output of the light at that
distance was monitored with an International
Light (Newburyport, MA, USA) model 1700
research radiometer.

After irradiation the mice were killed by cervical
dislocation, and the skin was removed immedi-
ately. Skin sheets were homogenized, extracted
and analyzed as described in Section 2.6. A
fraction of the hexane layer was evaporated under
nitrogen, dissolved in ethanol and analyzed by
HPLC with electrochemical detection.

2.9. HPLC analysis

The HPLC equipment consisted of a Waters
Model 510 pump, a 7161 Rheodyne injector
equipped with a 20 pl loop and a Hewlett—Packard
HP 1049A Electrochemical Detector. The cell
contains a solid state, in situ Ag/AgCl reference
electrode as a standard with the refillable elec-
trode, and glass carbon is the standard working
electrode. The detection conditions were the fol-
lowing: potential =0.600; polarity, oxidation;
mode, amperometry. Integration of the chromato-
graphic peaks was achieved with a SP 4600
Thermoseparation Products integrator. Chroma-
tography was performed on a Supelcosil LC-8, 3
pum, 75 x 4.6 mm column (Supelco, Bellefonte, PA,
USA) with a mobile phase of methanol:water (9:1)
containing 20 mM LiCIO4 and 2 mM KCI. The
flow rate was set at 1.0 ml/min. The retention time
of 4-nerolidylcathecol was 2.4 min. Each sample
was filtered through 0.22 pm cellulose acetate
filters (Costar®) and an aliquot of 20 pl was
injected into the HPLC apparatus.

2.10. Statistical analysis

Data were analyzed statistically by factorial
analysis of variance (ANOVA). The Tukey—Kra-
mer test was then used to determine significant
differences between groups.
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3. Results

3.1. In vitro skin permeation experiments

The nonlinear portion of a permeation profile,
as shown in Figs. 2-5, represents the time period
required to establish steady-state diffusion and its
duration is referred to as ‘lag time’. The steady-
state points are the ones considered in the lag-time
method. These points are linear and the steady-
state flux (J) is determined from the slope of their
linear regression, with their x-intercept being the
diffusion lag time (71,,) (Barry, 1983; Shah, 1993).

The diffusion coefficient (D), the permeability
(P) and the partition coefficient (K) for 4-neroli-
dylcathecol for the different formulations were
determined from the donor phase concentration
(C=1000 ng/g), the thickness of the barrier (e =
0.1 cm), the lag time (7,,) and the steady-state
flux (J) (Barry, 1983; Shah, 1993). Thus, the
steady-state flux J (pg/cm? per h) is equal to the
slope of the linear permeation profile, the perme-
ability P (cm/h) equals J divided by C, the lag-
time Ty, (h) is the x-intercept of the linear
permeation profile, the diffusion coefficient D
(cm?/h) is expressed by 1/6¢* ngl, and the partition
coefficient K equals ePD ™.

The permeation parameters were calculated for
each experiment, and the results in Table 2 show
the mean values+standard errors (S.E.) and
statistics for three diffusion cell experiments for
each formulation.

80
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Fig. 3. Permeation profile of the emulsion (O/W) containing
0.1% 4-nerolidylcathecol and linear regression of the linear
portion of the permeation profile (l steady state).
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Fig. 4. Permeation profile of the gel-emulsion formulation
containing 0.1% 4-nerolidylcathecol and linear regression of the
linear portion of the permeation profile (M steady state).

3.2. Absorption of 4-nerolidylcathecol into the skin
after 24 h, using different formulations

Employing the method described in Section 2.6,
the 4-nerolidylcathecol recovery rate from skin
homogenates was 100%. We observed a significant
difference between the 4-nerolidylcathecol—gel
formulation and the other formulations (Fig. 6).

Cumulative amount
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0 w8

20

Time (h)

30
y = 3.3069x - 14.24
R? = 0.9946

20

Cumulative amount
permeated ( zg/cm?)
[

Time (h)”

= 1.0891x - 4.6147
R? = 0.9987

Fig. 2. Permeation profile of the gel formulation containing
0.1% 4-nerolidylcathecol and linear regression of the linear
portion of the permeation profile (M steady state).

Fig. 5. Permeation profile of the P. umbellata gel formulation
containing 0.1% 4-nerolidylcathecol and linear regression of the
linear portion of the permeation profile (M steady state).
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Table 2

Permeation parameters for 4-nerolidylcathecol in different formulations

Flux (J, pg/em? per Permeability coefficient Lag time Diffusion coefficient  Partition coeffi-
h) (P, 103 cm/h) (Tiag> ) (D, 1073 cm*h cient (K)
4-Nerolidylcathecol 0.39354+0.0963**  0.3935+0.0963** 4.11+1.04 0.42+40.09 0.09+0.020®
emulsion
4-Nerolidylcathecol gel- 1.350+0.515* 1.350+0.515* 4.48+2.57 0.46+0.25 0.31+0.07
emulsion
4-Nerolidylcathecol gel ~ 3.799+0.984 3.799 +0.984 3.52+1.41 0.56+0.030 0.64+0.28
P. umbellata root ex- 1.5164+0.644* 1.516 +0.644* 3.26+1.98 0.56+0.39 0.2540.11®

tract gel

*% P <0.001; *, P <0.01 compared with 4-nerolidylcathecol gel. ®® P <0.01; ®, P <0.05 compared with 4-nerolidylcathecol gel.
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4-NC gel- 4-NC
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Fig. 6. 4-Nerolidylcathecol absorbed into the skin from differ-
ent formulations after 24 h. The symbols and bars indicate the
mean value+S.E. of three recovery experiments for each
formulation. *, P <0.05; ** P <0.01 compared with 4-
nerolidylcathecol gel. 4-NC, 4-nerolidylcathecol.

3.3. In vivo permeation experiment

After 2 h 30 min of treatment, approximately
20% of the applied 4-nerolidylcathecol had per-
meated into the skin. We did not observe any
reduction in 4-nerolidylcathecol concentrations
between irradiated and non-irradiated mice treated
with P. umbellata gel (Fig. 7).

pulcmzofskin
o =~ N W b~ O

Pu Pu+ UV
Treatment

Fig. 7. 4-Nerolidylcathecol concentrations in hairless mouse
skin treated with P. umbellata gel, before (P. u., 3.534+0.77 pg/
g of skin) and after ultraviolet irradiation (P. u. +UV, 4.00 +
0.59 pg/g of skin). Data are the mean +S.D. of six animals. The
difference between groups was considered not significant.

3.4. Discussion

Many factors may influence the extent of
percutaneous absorption of a drug. Partitioning
of the chemical between the vehicle and the
stratum corneum results in a concentration gra-
dient developing across the skin, which is influ-
enced by chemical-vehicle—skin interactions
(Hilton et al., 1994). There is no doubt that the
release of a drug from a topical pharmaceutical
preparation can be effectively influenced by the
vehicle in which it is applied. An appropriate
formulation of the topical agent will ensure that
it exerts its maximal activity on the skin (Idson,
1980). The primary requirement for topical ther-
apy is that a drug incorporated into a vehicle
reaches the skin surface at an adequate rate and in
sufficient amounts.

The relative affinity of the drug for skin and
vehicle is represented by the partition coefficient
K. There was a significant difference between the
K values for the 4-nerolidylcathecol emulsion and
the gel (Table 2), a fact possibly explained by the
different nature of the two vehicles. A high K
value indicates that the vehicle has poor affinity
for the drug. A low K value, which indicates a high
degree of mutual interaction, reflects the tendency
of the drug to remain in the vehicle. Hence, the
release of a substance will be favored by selecting
vehicles with low affinity for the penetrant (Idson,
1983). In our case, the 4-nerolidylcathecol—gel
formulation showed the highest K value. The
fact that the P. umbellata root extract gel does
not present a high K value when compared with
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the isolated 4-nerolidylcathecol is probably related
to other substances present in the crude extract,
which may influence the affinity of 4-nerolidyl-
cathecol for the formulation.

There was also a significant difference in the
permeability of 4-nerolidylcathecol in the gel
formulation in comparison with the other formu-
lations tested. Permeability is a function of the flux
and concentration of the drug in the donor
recipient of the diffusion cell. In our case the
concentration is constant; thus, the difference is a
consequence of flux. The flux J is actually
proportional to the gradient of thermodynamic
activity, rather than to the concentration. This
activity changes according to different formula-
tions (Martin and Bustamante, 1993).

The diffusion coefficient D reflects the facility
with which molecules move through the various
membrane strata (Idson, 1983; Shah and Maibach,
1993). Diffusivities, which are a function of the
molecular structure of the diffusant, did not
change in our experiment. The diffusion coefficient
is also a function of the barrier material (Shah et
al., 1994). In our case the skin barrier seemed not
to be affected by the vehicle, since no significant
difference in D values was observed among the
formulations used in the study.

The steady state is always proportional to the
drug concentration in the donor recipient of the
diffusion cell, so all formulations had approxi-
mately the same 4-nerolidylcathecol ‘71, values.

The permeation data correlate well with the
findings of the 4-nerolidylcathecol quantification
experiments. A higher amount of 4-nerolidylcathe-
col in the skin was found for the gel formulation,
which gave the highest rate of percutaneous
penetration (Fig. 4). The other formulations
(gel—emulsion, emulsion and the crude extract
gel) showed intermediate percutaneous absorption
rates in relation to the 4-nerolidylcathecol—gel
formulation. This does not mean that the possibi-
lity of employing the crude extract instead of the
isolated active principle should be ruled out. Even
with a lower rate of percutaneous absorption, a
total reactive antioxidant potential study showed
that the crude P. umbellata root extract has a
higher antioxidant potential than the isolated 4-
nerolidylcathecol, suggesting the presence of addi-

tional compounds with antioxidant activity (Des-
marchelier et al., 1997). Further work is needed to
elucidate this difference in antioxidant potential
for the skin.

The in vivo permeation experiment confirmed
that 4-nerolidylcathecol was also absorbed in
biological conditions and that it is stable when
exposed to UV irradiation. Considering the high
antioxidant activity of the P. wmbellata root
extract, and of its isolated principle 4-nerolidyl-
cathecol (Desmarchelier et al., 1997; Barros et al.,
1996; Ropke, 1999), we have demonstrated that
both the root extracts and the major antioxidant
compound of P. umbellata could be effectively
administered as protective agents by percutaneous
absorption against oxidative stress of the skin.

Acknowledgements

We would like to thank Dr Ralf Gielow for
assistance in the preparation of this manuscript
and Fernanda Scarmato for the radiometry mea-
surements. This work was supported by a doctoral
fellowship from FAPESP awarded to Cristina D.
Ropke.

References

Barros, S.B.M., Teixeira, D.S., Aznar, A.E., Moreira, J.A., Jr,
Ishii, I., Freitas, P.C.D., 1996. Antioxidant activity of
ethanolic extracts of Pothomorphe umbellata L. Miq. Ciénc.
Cult. 48, 114-116.

Burton, G.W., Webb, A., Ingold, K.U., 1985. A mild, rapid and
efficient method of lipid extraction for use in determining
vitamin E/lipid ratios. Lipids 20, 29-39.

Barry, B.W., 1983. Dermatological Formulations: Percuta-
neous Absorption. Marcel Dekker, New York.

Bonina, F., Lanza, M., Montenegro, L., Puglisi, C., Tomaino,
A., Trombetta, D., Castelli, F., Saija, A., 1996. Flavonoids
as potential protective agents against photo-oxidative skin
damage. Int. J. Pharm. 145, 87-94.

Bronaugh, R.L., Steward, R.F., 1983. Methods for in vitro
percutaneous absorption studies III: hydrophobic com-
pounds. J. Pharm. Sci. 73, 1255-1258.

Desmarchelier, C., Barros, S., Repetto, M., Latorre, L.R.,
Kato, M., Coussio, J., 1997. 4-Nerolidylcathecol from
Pothomorphe umbellata spp. scavenges peroxyl radicals
and inhibits Fe(II)-dependent DNA damage. Planta Med.
63, 561-563.



116 C.D. Ropke et al. | International Journal of Pharmaceutics 249 (2002) 109—-116

Emerit, 1., 1992. Free radicals and aging of the skin. In: EXS:
Free Radicals and Aging, vol. 62. Birkhauser, Basel, pp.
328-341.

Fuchs, J., 1998. Potential and limitations of the natural
antioxidants RRR-alpha-tocopherol, r-ascorbic acid and
B-carotene in cutaneous photoprotection. Free Radic. Biol.
Med. 25, 848-873.

Hilton, J., Woolen, B.H., Scott, R.C., Auton, T.R., Trebilock,
K.L., Wilks, M.F., 1994. Vehicle effects on in vitro
percutaneous absorption through rat and human skin.
Pharm. Res. 11, 1396-1400.

Idson, B., 1980. Dermatological emulsions. Cosm. Toil. 95, 59—
62.

Idson, B., 1983. Vehicle effects in percutaneous absorption.
Drug Met. Rev. 14, 207-222.

Kijjoa, A., Giesbrecht, A.M., Akisue, M.K., Gottlieb, O.R.,
Gottlieb, H.E., 1980. 4-Nerolidylcathecol from Potho-
morphe umbellata. Planta Med. 39, 85-87.

Larson, R.A., 1988. The antioxidants of higher plants. Phy-
tochemistry 27, 969-978.

Lopez-Torres, M., Thiele, J.J., Shindo, Y., Packer, L., 1998.
Topical application of a-tocopherol modulates the antiox-
idant network and diminishes ultraviolet-induced oxidative
damage in murine skin. Br. J. Dermatol. 138, 207-215.

Martin, A., Bustamante, P., 1993. Physical Pharmacy—Physi-
cal Chemical Principles in the Pharmaceutical Science,
fourth ed.. Lea & Febiger, Philadelphia.

Pirot, F., Millet, J., Kalia, Y.N., Humbert, P., 1996. In vitro
study of percutaneous absorption, cutaneous bioavailability
and bioequivalence of zinc and copper from five topical
formulations. Skin Pharmacol. 9, 259-269.

Ropke, C.D., 1999. Avaliagio da atividade antioxidante de
Pothomorphe umbellata L. Miq. na pele. Master’s thesis,
School of Pharmaceutical Sciences, University of Sdo Paulo,
Brazil.

Ropke, C.D., Barros, S., Sawada, T.C.H., Bernusso, L.C.,
Silva, V.V., Barros, S.B.M. 2000. Avaliagdo da atividade
antioxidante de Pothomorphe umbellata L. Miq. na pele.
Annals of the 14th National Cosmetology Congress of the
Brazilian Cosmetology Association, pp. 483—500.

Saija, A., Tomaino, A., Trombetta, D., De Pasquale, A.,
Uccella, N., Barbuzzi, T., Paolino, D., Bonina, F., 2000.
In vitro and in vivo evaluation of caffeic and ferulic acids as
topical photoprotective agents. Int. J. Pharm. 199, 39-47.

Saija, A., Tomaino, A., Trombetta, D., Giacchi, M., De
Pasquale, A., Paolino, D., Bonina, F., 1998. Influence of
different penetration enhancers on in vitro skin permeation
and in vivo photoprotective effect of flavonoids. Int. J.
Pharm. 175, 85-94.

Shah, J.C., 1993. Analyses of permeation data: evaluation of
the lag time method. Int. J. Pharm. 90, 161-169.

Shah, J.C., Kaka, L., Tenjarla, S., Lau, S.W.J., Chow, D., 1994.
Analyses of permeation data: II. Evaluation of the lag time
method. Int. J. Pharm. 109, 283-290.

Shah, V.P., Maibach, H.I., 1993. Topical Drug Bioavailability,
Bioequivalence, and Penetration. Plenum Press, New York,
p. 453.

Silva, R.A.D., 1926. Pharmacopéia dos Estados Unidos do
Brasil, first ed.. Nacional, Sdo Paulo, p. 649.

Touitou, E., Fabin, B., 1988. Altered skin permeation of a
highly lipophilic molecule: tetrahydrocannabiol. Int. J.
Pharm. 43, 17-22.



	Evaluation of percutaneous absorption of 4-nerolidylcathecol from four topical formulations
	Introduction
	Material and methods
	Animals
	Test materials
	Extract preparation
	Formulations
	In vitro skin permeation experiments
	Quantitative analyses of 4-nerolidylcathecol absorbed into the skin
	In vivo permeation experiment
	Stability of 4-nerolidylcathecol to UV exposure
	HPLC analysis
	Statistical analysis

	Results
	In vitro skin permeation experiments
	Absorption of 4-nerolidylcathecol into the skin after 24 h, using different formulations
	In vivo permeation experiment
	Discussion

	Acknowledgements
	References


