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Curcuma longa is a ginger family aromatic herb (Zingiberaceae) whose rhizomes contain curcuminoid
pigments, including curcumin, a compound known for its anti-inflammatory effects. The objective of
this study was to obtain curcuminoid-rich extracts, develop topical formulations thereof, and assess the
stability and skin permeation of these formulations. Curcuma longa extracts were obtained and used to
develop formulations. Skin permeation studies were conducted in a modified Franz diffusion cell system,
and skin retention of curcuminoid pigments was quantified in pig ear membrane. Prepared urea-containing
gel-cream formulations were unstable, whereas all others had satisfactory stability and pseudoplastic
rheological behavior. The amount of curcuminoid pigments recovered from the receptor solution was
negligible. The skin concentration of curcuminoid pigments retained was positive (>20 pg/g of skin,
mostly in the stratum corneum), considering the low skin permeability of curcumin. We conclude that
development of topical formulations containing curcumin or Curcuma longa extract is feasible, as long
as adjuvants are added to improve preservation and durability. The formulations developed in this study
enabled penetration of curcumin limited to the superficial layers of the skin and then possibly without a
risk of systemic action, thus permitting local use as a topical anti-inflammatory.

Uniterms: Curcuma longa/pharmacognosy. Curcumin/use/topical anti-inflammatory. Cosmetics/use of
natural products. Curcuminoid pigments. Skin penetration. Natural products/use in cosmetics.

Curcuma longa ¢ uma erva aromatica, pertencente a familia Zingiberaceae e seus rizomas contém
pigmentos curcuminoides, dentre eles a curcumina, conhecida por seu efeito anti-inflamatério. O objetivo
deste trabalho foi obter extratos ricos nestes pigmentos, desenvolver e avaliar a estabilidade de formulagdes
topicas e realizar o estudo da penetragdo cutanea. Extratos de Curcuma longa foram obtidos e utilizados
no desenvolvimento de formulagdes. A penetracao e retencdo cutdneas de pigmentos curcuminoides foi
avaliada em pele de orelha de porco, utilizando célula de difusao de Franz modificada. As formula¢des
de gel creme preparadas que continham ureia foram instaveis e as demais apresentaram estabilidade
satisfatoria e comportamento reoldgico pseudoplastico. A quantidade de pigmentos curcuminoides
encontrada na solugdo receptora foi insignificante, enquanto que a quantidade retida na pele foi superior
a 20 pg/g de pele. Concluiu-se como possivel o desenvolvimento de formulagdes topicas contendo
curcumina ou extrato de Curcuma longa, conciliando a adi¢do de adjuvantes para a preservagdo ¢ maior
durabilidade da mesma. As formulagdes promoveram a penetragdo da curcumina limitada as camadas
superiores da pele, possivelmente sem o risco de ocorréncia de ac@o sistémica sendo possivel a sua
utilizagdo para ag@o local com atividade anti-inflamatoria.

Unitermos: Curcuma longa/farmacognosia. Curcumina/uso/anti-inflamatério de agdo local. Cosméticos/
uso de produtos naturais. Pigmentos curcuminoides. Reten¢do cutinea. Produtos naturais/uso em
cosméticos.
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INTRODUCTION

There is great research interest in medicinal plants,
which have been used from time immemorial by a variety
of peoples for the treatment of illness (Yunes, Pedrosa,
Cechinel Filho, 2001; Firmo et al., 2011). Approximately
30% of all drugs prescribed worldwide are still obtained
directly or indirectly from plant sources (Koehn, Carter,
2005).

Curcuma longa (Zingiberaceae), commonly known
as turmeric, is used as a spice (for its characteristic
scent) and as a food coloring agent. The C. longa plant
contains a rhizome, or main stem, with several offshoots
or ramifications that have a distinctive orange color due
to the presence of curcuminoid pigments (curcumin,
demethoxycurcumin, bisdemethoxycurcumin, and
cyclocurcumin). Curcumin is the major such pigment,
and in vitro tests have demonstrated its antiparasitic,
antispasmodic, and anti-inflammatory effects, as well as
potential anticancer activity (Lin, Lin, 2008; Silva Filho
etal., 2009).

According to Almeida (2006), C. longa rhizomes
have been employed for their digestive, carminative,
antispasmodic, antioxidant, antidiarrheal, diuretic, and
stimulant action; in the treatment of liver disease; as a
tonic; in the treatment of ulcers, cough, and the common
cold; and even in ointment form to promote wound
healing. Swanson ef al. (2010) showed that C. longa
extract has antioxidant effects and the ability to modulate
inflammatory response. Hamzah (2011) assessed the anti-
inflammatory effect of curcumin extract topical gel in the
carrageenan-induced albino rat paw edema model. At the
end of the study, a 30% reduction in edema was found
in rats treated with the turmeric extract gel. Huang et al.
(1997) found that topically applied curcumin was a potent
inhibitor of induced skin tumor formation. Persistent
inflammation, compounded by external factors such as
pollution and solar radiation, increases the risk of skin
tumorigenesis (Lin, Lin, 2008). Therefore, it is presumed
that curcumin would be capable of preventing skin tumors
and insults such as spots and wrinkles.

Achieving good skin permeation and, consequently,
efficacy poses a challenge when developing formulations
(Gupta, Dixit, 2011). Assessment of skin permeation is
widely performed by means of a system known as the
Franz diffusion cell (Dal’Belo, 2008). Use of the Franz
diffusion cell provides information on the relationships
between the substance of interest, its formulation, and
the skin, thus aiding development of formulations that
enable penetration of the active ingredient into the skin.
In addition to human skin and synthetic membranes, pig

skin can also be used in permeation studied due to its
physiological and histological similarities to human skin,
such as its overall morphology, the thickness and structure
of the epidermis, thickness of the stratum corneum, and
structure of the dermis. Pig ear skin is among the most
widely used options (Dick, Scott,1992).

According to Pan ef al. (2013) urea has been used
with other medications as a penetration enhancing agent.
Ginger rhizomes (Zingiber officinale) contain proteolytic
enzymes similar to the action of papain and its extract
could be used in topical formulations in order to facilitate
the skin penetration of other substances (Gongalves et al.,
in press).

The objective of the present study was to obtain
curcumin-rich Curcuma longa extract, develop
formulations thereof, and assess the skin permeation of
curcuminoid pigments.

MATERIAL AND METHODS
Material

Curcumin from C. longa (turmeric) (>65%
curcumin), urea and B-cyclodextrin were purchased
from Sigma™ (St. Louis, MO, USA). Samples of C.
longa were collected in August and September 2012
from a commercial plantation (Sao Paulo, Brazil). The
plant was authenticated at the Pontificia Universidade
Catolica de Campinas, Campinas, Brazil, by means of
gross and microscopic analysis as set forth in the Brazilian
Pharmacopoeia, Sed.

Vegetal materials (Zingiber officinale rhizomes)
were collected and identified at the Pontificia Universidade
Catolica de Campinas, Campinas, SP, Brazil. After
disinfecting with ethanol at 70.0%, rhizomes were
peeled and the juice was extracted using a juicer. The
juice was filtered through a nylon filter and diluted using
propyleneglycol and filtered again using a nylon filter.
Next, it was centrifuged at 3000 rpm for five minutes, and
the supernatants were stored in amber glass and frozen
until the moment of use (Gongalves ef al., in press).

Titanium dioxide and disodium EDTA were
purchased from Labisynth (Diadema, SP, Brazil), Phenova
™ (phenoxyethanol and parabens) from Croda (Campinas,
SP, Brazil), Hydroxyethyl cellulose and Net FS ™
(Polyglyceryl-10 myristate, triethylhexanoin, glycerin and
water) from Galena (Campinas, SP, Brazil), and propylene
glycol from Volp (Osasco, SP, Brazil).

Pig ear skins were obtained from an abattoir
(Frigorifico Bressiani, Capivari, SP, Brazil). The skin was
removed with surgical instruments. Then, the skin was
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wrapped in Parafilm® and aluminum foil and kept in a
freezer for up to 30 days.

Methods

The present study was approved by the PUC-
Campinas Animal Research Ethics Committee with
judgment no. CEUA 004/2012.

Extraction

Three C. longa extracts were obtained:
hydroalcoholic extract (HE), dry extract (DE), and
B-cyclodextrin extract (CE). For hydroalcoholic extraction,
rhizomes were processed by turbo-extraction in ethanol
(1 part rhizome: 5 parts solvent). The resulting extract
(HE) was filtered in nylon and stored in an amber glass
bottle under refrigeration. For dry extraction, the rhizomes
were refluxed in ethanol for 2 hours, filtered, reduced in
a rotary evaporator, and desiccated in an air-circulation
drying oven at 50 °C (Almeida, 2006). For B-cyclodextrin
extract, 1 g cyclodextrin and 20 mL HE were added to a
beaker and kept under constant agitation for 24 hours.
The resulting extract (CE) was vacuum-filtered (Wang
et al., 2011). The loading rate of curcuminoid pigments
in B-cyclodextrin was estimated by comparing the
absorbance of the extract at 425 nm before and after the
procedure (1 g B-cyclodextrin contained approximately
40 pg curcuminoid pigments).

TABLE | — Formulations

The total curcuminoid pigment concentration of
the refrigerated HE and of the DE was quantified over
120 days, in triplicate, taking into account absorbance
at 425 nm (measured on a Varian Cary 50 Bio UV/Vis
spectrophotometer) and an analytical curve obtained for
curcumin at 10, 20, 40, 80, and 100 pg/mL. All samples
were diluted in ethanol and filtered in a 0.45-micron
Millex® membrane.

Development and assessment of the formulations

Formulations 1 to 12 were prepared by heating the
water and hydroxyethylcellulose, under stirring, to 70 °C
for gel formation. Propylene glycol, phenoxyethanol
and parabens, Dissodium EDTA were added and the
Polyglyceryl 10-myristate, triethylhexanoin, glycerin
and water, homogenizing under constant stirring. The
other ingredients were added in the cold cream gel (urea,
B-cyclodextrin, B-cyclodextrin/HE, HE, DE, Ginger
extract and/or curcumin). For the preparation of the
formulation 13, the method was similar, but titanium
dioxide was dispersed in the propylene glycol before being
added to the formulation.

Formulations (Table I) were stored in PVC
containers (37 mm in diameter x 29 mm deep) and in
Borel glass bottles at 40, 60, and ~ 25 °C for up to 28 days.
Appearance, pH, color, odor, and viscosity were assessed
at 7-day intervals as described in the Guia de Controle

Formulation / amount (% w/w)

Components (INCI*)

4 5 6 7 8 9 10 11 12 13

Urea 50 5.0 -
B-Cyclodextrin - - -
CE - - 2.0
HE 0.5 - -
DE - - -
Ginger extract - - -
Curcumin - - -
Titanium dioxide - - -
Hydroxyethyl cellulose

Polyglyceryl-10 myristate, triethylhexanoin,

glycerin, water

Propylene glycol

phenoxyethanol and parabens

Disodium EDTA

Aqua

50 50 50 50 - - - - - -
20 - 20 - 20 - - - - -
- 20 - - - 20 - - - -

- - - - - - - 01 01 0.1
- - - 01 - - 01 - - -
- - - - - - - - - 1.0
1.8 (all formulations)
2.0 (all formulations)

5.0 (all formulations)

0.8 (all formulations)

0.01 (all formulations)
To 100 (all formulations)

* International Nomenclature of Cosmetic Ingredients (CE, B-cyclodextrin extract; HE, hydroalcoholic extract; DE, dry extract).
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de Qualidade de Produtos Cosméticos (2008) and in the
Guia de Estabilidade de Produtos Cosméticos (2004),
publications of the National Health Surveillance Agency,
an autonomous department of the Brazilian government.
The pH of the formulations diluted with water to one-tenth
of their original concentrations was determined with a
Digimed pH meter. Color and appearance were assessed
by a visual method and olfaction. These assessments took
into consideration the initial attributes of the formulations
and changes that may or may not have occurred during the
study period.

Physical stability was assessed by rheological
determinations done on an RTV Brookfield rotational
viscometer (Stoughton, MA, USA). Viscosity parameters
were determined at 25 °C using a number 5 spindle for
each sample 24 h after preparation, and at regular intervals
over the storage period. Samples were tested with rotation
speeds that increased progressively (1-5 rpm). Each
reading was done 120 seconds after the new rotation speed.

In vitro skin permeation and retention studies

Skin permeation was assayed in an open diffusion
system based on a Franz cell apparatus design coupled to a
water circulator at 36 °C (PCB 150 Water Peltier System®).
The Franz cell used was custom made. The experimental
conditions were as follows: receptor solution, 100 mL
phosphate buffer (pH 7.4) under constant agitation;
diffusion membrane, pig ear skin (previously hydrated
in phosphate buffer [pH 7.4] and attached to a circular
support 27mm in diameter); donor solution, 5 g study
formulation. During the experiment, 1.5 mL aliquots of
receptor solution were collected at 30 min, 1 h,2 h,and 3 h
for measurement spectrophotometrically at 425 nm. The
method used was based on the traditional method, but was
adapted by the authors, due to the experimental conditions.

Assessment of skin retention of curcuminoid
pigments was performed on whole skin and by the tape-
stripping method, whereby the stratum corneum and the
rest of the skin are evaluated separately (Banga, Abla,
2013). For the tape-stripping method, 15 fragments
of 3M® adhesive tape were applied and removed. The
pigments retained on the tape were then extracted and
quantitated, and the remaining skin was homogenized
and assayed as below. For the first assessment, after
the end of the skin permeation experiment, the skin
was removed, wiped with water-soaked cotton wool,
homogenized with 100 mL ethanol and reduced in a
rotary evaporator until 20 mL. The resulting maceration
solution was filtered and the concentration of curcuminoid
pigments spectrophotometrically quantitated at 425 nm.

To prevent interference from other substances contained
in the skin, a control sample of skin was assessed under
the same conditions. No placebo control was used,
because no vehicle components exhibited absorption at
the wavelength of interest.

RESULTS AND DISCUSSION

The identity of the plant material was confirmed
by gross and microscopic examination. The rhizomes
were oval-shaped, tan to brownish yellow, and covered
in ring-shaped scars (Figure 1). Transection revealed
orange-yellow rhizomes with clear structural separation
into two zones, the cortex and the inner core, separated by
the endodermoid layer.

FIGURE 1 - Curcuma longa rhizome. a) Whole rhizome; b)
cross-section (cX, cortex; cc, central cylinder).

Microscopic analysis (Figure 2) revealed the
cuticle, parenchyma, vascular bundles, xylem with spiral
thickening, and phloem, as expected for C. longa. The
total water content was 20%, which is consistent with the
findings of Leonel and Cereda (2002).

The epidermis (e) is made up of tangentially
flattened cells, most tabular and thin-walled. The cork
(s) is visible below, consisting of rectangular cells, much
larger than those of the epidermis, compact, with radially
disposed, suberized walls, followed by the cortical
parenchyma (p).

Ethanol was used for extraction of curcuminoid
pigments in view of its solubility (Tapal, Tiku, 2012).
The resulting extract (HE) had a concentration of
approximately 330 pg/mL (Table II), as estimated on
the basis of all measurements over a 120-day period,
thus demonstrating the stability of this extract. The DE
had a concentration of 488.6mg curcuminoid pigments
per g extract. The obtained extract was yellow and had
a faint, distinctive odor of saffron. Paulucci et al. (2013)
concluded that a superior extraction yield was obtained
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FIGURE 2 - Micrographs of Curcuma longa L thizome sections.
A and B: Cross-section showing smooth, thin cuticle (arrows).
Epidermis (e), cork (s), cortical parenchyma (p). C, D and E:
Cross-sections showing collateral vascular bundles, xylem (x)
and phloem (f). F: Panoramic micrograph of the bundle. G
and H: Micrographs showing scalariform vessels (longitudinal
section). Masson’s trichrome. A-E and G, original magnification
400x; F and H, original magnification 200x.

with 70% ethanol for dry curcumin (powder), which
yielded curcumin concentrations of 0.1-1.8%. The
difference between the method used by these authors and
ours was the longer extraction time.

Over the course of the study, 13 gel-cream
formulations were developed (Table I), containing various
combinations of urea, curcumin, HE, DE, and CE, among
other components, so as to compare their stability and the
skin permeation of curcuminoid pigments. We chose to add
curcumin at the 0.1% concentration to prevent the color
of the formulations from being overly bright. HE and DE
were used at the 2% and 0.1% concentrations respectively,
due to differences in the amount of curcuminoid pigments

TABLE Il - Mean concentration of curcuminoid pigments
in Curcuma longa hydroalcoholic extract as a function
of storage time under refrigeration (n=3). Quantitated by
spectrophotometry at 425 nm

Time (days) Curcuminoid pigments (ng/mL)
Baseline 375+1,68
30 335+1,74
40 330+ 3,25
60 335+2,78
120 310+3,57

present in each extract, whereas urea was used at a 5%
concentration.

The initial pH of all formulations was slightly acidic
at>5.5. The formulations containing urea showed changes
inpH (5.4 to 8.5) during 14 days of storage. Formulations
without urea showed more stable pH (5.5 to 6.0) for 28
days of storage. As curcumin is more stable in slightly
acidic environments (Gupta, Dixit, 2011) and the values
found were close to skin pH, this finding was considered
favorable and no adjustment was required. However, after
14 days in storage, some formulations exhibited changes
in pH. All of these formulations contained urea, which
was added in an attempt to facilitate skin penetration of
curcumin by keratolysis and consequent reduction of
the skin barrier (Addor et al., 2009). However, over the
course of the stability study, this combination was found
to jeopardize the stability of the formulations. Therefore,
the addition of urea was ruled out and all urea-containing
formulations were disregarded.

We also assessed 3-cyclodextrin incorporation of the
HE, as, given the hydrophilic nature of their outer surface,
B-cyclodextrins are capable of dissolving in water while
providing an apolar cavity that can bind several molecules,
including curcumin (Araujo ef al., 2006). In the present
study, the B-cyclodextrin-containing formulations were
considered stable; formulation 5, which contained both
urea and the B-cyclodextrin/HE complex, had a pH of
6.1 at the time of compounding and a pH of 8.7 after
14 days in storage, which led to its exclusion from the
study. Conversely, the formulation that contained the
B-cyclodextrin/HE complex remained stable and was thus
kept in the sample.

Curcumin encapsulation has been studied by
many authors in an attempt to increase absorption of this
substance. Mazzarino (2009) produced lipid and polymer
nanocapsules containing curcumin at concentrations of
127.04-509.49 ug/mL. Encapsulation protects the product
from degradation and other interactions, and is expected
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TABLE Il - Mean concentrations of curcuminoid pigments (ug/mL) in 1.5 mL aliquot of receptor solution during in vitro skin
permeation studies of different formulations for topical use containing curcumin or hydroalcoholic Curcuma longa extract, using

pig ear skin in a modified Franz diffusion cell

Concentration of curcuminoid pigments (ng/mL) in receptor solution

Formulation -

30 min 2h 3h
1 2.25 2.73 3.96 4.58
10 2.12 2.71 3.48 4.06
11 1.56 2.11 3.14 5.13
12 1.71 1.17 1.40 1.61

to produce a more stable formulation. Other studies
have assessed a broad range of curcumin encapsulation
techniques, using a variety of capsule sizes and solubility
values, usually in an attempt to increase bioavailability and
thus enable therapeutic use of curcumin (Wang et al., 2011).

Regarding color and odor, only the formulations kept
at 50 °C exhibited any changes in these parameters after 28
days of storage, except for the inert formulation (number
8). The most stable formulation was number 13, which
contained titanium dioxide. Monitoring of organoleptic
characteristics is a routine aspect of product development.
Within this context, Gongalves et al. (2013) reported
a similar dark discoloration of gel-cream formulations
containing Thymus vulgaris, essential oil, which was
attributed to the high storage temperature and is indicative
of potential product instability.

On rheological assays, all formulations exhibited
pseudoplastic behavior, as expected. All tested
formulations remained stable in this respect due to the
study period, as there were no peaks and the rheogram
curves for each formulation remained similar at each time
point of storage. These findings are consistent with those
reported by Gongalves and Maia Campos (2009), who
studied vitamin C-containing formulations and also found
no peaks in the viscosity plots of stable formulations, as
well as Peraro (2001) who studied O/W emulsions and also
the rheology of the formulations evaluated.

Formulation 11, which contained DE, and
formulation 12, which contained DE and ginger extract,
exhibited discoloration and a stronger scent over the course
of the study. Ginger extract was added to this formulation
in an attempt to ascertain whether proteolytic enzymes
might enhance skin penetration of curcuminoid pigments
(Gongalves ef al., in press). Comparing this finding with
those obtained for formulations containing curcumin
standard or HE, and bearing in mind that decomposition
of most cosmetic formulations follows first-order kinetics,
shows that increasing concentrations increased the speed
of product decomposition. Therefore, as the formulations

made from DE or pure curcumin contained higher pigment
concentrations than those made from HE, this may at least
partly explain the faster loss of stability as demonstrated
by product discoloration.

One formulation included titanium dioxide as a
whitening agent in an attempt to improve the appearance
of the product. This formulation was not tested for
rheological behavior, but viscosity was apparently
unchanged; furthermore, its pH, color, and scent remained
stable, and it was thus considered the most stable
formulation. Furthermore, it was the only formulation
that did not produce yellow discoloration of the skin on
topical application.

The results of skin penetration testing showed that
curcumin could not be recovered until 3 h at substantial
amounts from the receptor solution with any of the
assessed formulations (Table III). Several authors have
used this experimental model to assess the bioavailability
of transdermal formulations (Darwheka, Jain, Patidar,
2011). As systemic absorption of cosmetics is entirely
undesirable, extrapolation of this finding to real-world use
of the product suggests that absorption of the formulation
would not occur, which may be regarded as an advantage.
However, the method does not allow this claim because
there is no determination of curcumin in the blood.

Conversely, our findings do show that curcuminoid
pigments were retained in the skin (Tables IV and V).

TABLE IV - Curcuminoid pigments retained in the skin (ng/mL).
Pigments were recovered by maceration in 100 ml ethanol, the
volume was reduced to 20 mL and quantification performed by
spectrophotometry

Amount of curcuminoid pigments

Formulation retained in skin
1 5.70
10 3.65
11 15.03
12 1.72
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TABLE V - Mean concentrations of curcuminoid pigments in pig ear skin (ug pigment/g skin) during in vitro skin permeation
studies of different formulations containing curcumin or hydroalcoholic Curcuma longa extract in a modified Franz diffusion cell.
Curcuminoid pigments were recovered by homogenization and tape stripping

Amount of curcuminoid pigments retained in skin

Formulation - — — - — —
Whole skin homogenization Tape stripping Skin homogenization after tape stripping

10 77.99 274.4 19.08

11 25.72 22.24 NP

12 32.48 27.05 47.00

13 21.75 NP NP

NP, not performed.

Formulation 9, which contained a B-cyclodextrin/HE
complex, was also associated with insignificant skin
retention, suggesting that encapsulation was not helpful
in this setting. Formulation 1, which contained HE,
also performed poorly due to a low concentration of
curcuminoid pigments, whereas the formulation made
from DE exhibited somewhat higher skin retention.

The results of this study show that formulation 10
had the greatest skin retention, despite containing no
substances that could facilitate skin permeation. However,
this formulation was made from 0.1% curcumin standard.
Formulation 12, which contained ginger extract, had a
lower rather than higher concentration of curcuminoid
pigments. Therefore, the hypothesis that ginger extract
might enhance skin permeation or retention of curcumin
was ruled out. Formulation 11, made with DE, had lower
concentrations than formulation 10. As formulation 13 and
formulation 11 had very similar compositions, the former
was not tested in this assay.

The tape-stripping method has been used to assess
the depth of skin penetration of a variety of substances. In
the present study, it revealed curcuminoid pigments in the
epidermis and in the outer layer of the dermis, assuming
complete stripping of the epidermis on tape removal
(Banga, Abla, 2013).

According to Zhang et al. (2013), who studied
encapsulation of active ingredients in tyrosine-derived
nanospheres and skin retention of such preparations, the
amount of active ingredient retained in the skin was in
the ng/cm? range. In the present study, greater retention
was observed, in the ug/g range; results were expressed
in grams of skin because non-dermatomed pig ear skin
has variable thickness (0.95 — 1.45 mm in this study).
In another investigation, skin retention of liposome-
encapsulated curcumin was in the pg/cm? range in
experiments with a duration of up to 50 hours (Chen et
al., 2012). Parameters that affect the skin permeation of a
substance and should be taken into account include the size

of the molecule, its polarity, and its partition coefficient.
As curcumin does not have the ideal characteristics for
optimal skin penetration, our results can be regarded as
very good, particularly as the formulations tested herein
are not meant to be systemically absorbed. Therefore,
the skin retention values presented may be considered
positive in terms of achieving the desired effects of the
test substance, particularly its anti-inflammatory effect.
Finally, after analyzing the distribution of curcuminoid
pigments in the skin, we conclude that the formulation
delivers a significant amount of curcumin to the epidermis
and dermis. Furthermore, as the concentration recovered
from the receptor solution was negligible, we conclude that
the active ingredient was delivered into the basal layer of
the epidermis and the upper layer of the dermis. These are
usually the target skin layers for active ingredient delivery
in cosmetics and personal care formulations, as systemic
absorption of this class of products is undesirable.

CONCLUSION

The HE had a curcuminoid pigment concentration
of approximately 300 ng/mL, and the DE, a concentration
0f488.6 mg/g. The most stable were formulation 9 (made
from the B-cyclodextrin/HE complex) and 13 (made
from the DE), whereas the urea-containing formulations
were least stable. Cyclodextrin encapsulation of the HE
increased formulation stability, but reduced the amount of
pigment retained in the skin. Skin retention of curcuminoid
pigments was in the pg/g range, with different values
for each of the tested formulations. Those formulations
containing extracts obtained from Curcuma longa
rhizomes performed poorly in comparison with that using
0.1% standard curcumin, due to a lower concentration of
curcuminoid pigments or curcumin. Skin penetration by
curcumin was low, but skin retention did occur, making
curcumin a very promising compound for use in anti-aging
formulations.
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