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The development of sunscreens containing reduced concentration of chemical UV filters, even though,
possessing broad spectrum effectiveness with the use of natural raw materials that improve and infer UV
absorption is of great interest. Due to the structural similarities between polyphenolic compounds and
organic UV filters, they might exert photoprotection activity. The objective of the present research work
was to develop bioactive sunscreen delivery systems containing rutin, Passiflora incarnata L. and Plantago
lanceolata extracts associated or not with organic and inorganic UV filters. UV transmission of the sun-
screen delivery system films was performed by using diffuse transmittance measurements coupling to an
integrating sphere. In vitro photoprotection efficacy was evaluated according to the following parameters:
estimated sun protection factor (SPF); Boot’s Star Rating category; UVA/UVB ratio; and critical wave-
Passiflora incarnata length (Ac). Sunscreen delivery systems obtained SPF values ranging from 0.972 4+ 0.004 to 28.064 + 2.429
Plantago lanceolata and bioactive compounds interacted with the UV filters positive and negatively. This behavior may be
Rutin attributed to: the composition of the delivery system; the presence of inorganic UV filter and quantita-
tive composition of the organic UV filters; and the phytochemical composition of the P. incarnata L. and P.
lanceolata extracts. Among all associations of bioactive compounds and UV filters, we found that the broad
spectrum sunscreen was accomplished when 1.68% (w/w) P. incarnata L. dry extract was in the presence
of 7.0% (w/w) ethylhexyl methoxycinnamate, 2.0% (w/w) benzophenone-3 and 2.0% (w/w) TiO,. It was
demonstrated that this association generated estimated SPF of 20.072 +0.906 and it has improved the
protective defense against UVA radiation accompanying augmentation of the UVA/UVB ratio from 0.49 to
0.52 and A, from 364 to 368.6 nm.
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1. Introduction

Sunscreens are mainly used to prevent erythema formation
from sun exposure. The decrease in amount of UV radiation
reaching the skin through sunscreens may further reduce risk of
sun-induced skin cancer. The UV spectrum is conveniently divided
into three groups based on wavelength: UVC (100-290 nm), UVB
(290-320 nm) and UVA (320-400 nm). UVA is further subdivided
into UVA2 (320-340 nm) and UVAT1 (340-400 nm). Solar UV radia-
tion at the Earth’s surface is approximately 90-99% UVA and 1-10%
UVB (COLIPA, 2006; Verschooten et al., 2006; Faurschou and Wulf,
2007).

UVB radiation primarily causes photocarcinogenesis due its
direct interaction with cellular DNA and subsequent formation of
cyclobutane pyrimidine dimmers and thymine glycols, but there are
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several reasons why investigation of the role of UVA is also relevant.
Major consequence of cumulative UVA radiation is the generation
of reactive oxygen species which, however, can also induce can-
cer, for instance, generating oxidized DNA base derivatives, like
8-hydroxydeoxyguanosine, and altered tumor suppressor genes,
like p53 (Seité et al., 2000; Heinrich et al., 2004; Vielhaber et al.,
2006).

It has been demonstrated, in human fibroblast model, the
induction of 8-hydroxydeoxyguanosine after radiation from UVA1
(>334nm) up to near visible light (434 nm). Whereas UVB effects
are mainly restricted to the epidermis, UVA radiation directly
affect the dermal compartment and is therefore thought to be
the major factor responsible for photoaging of human skin. It
had been shown that the UVA1 accounts for damaging effects in
human dermal fibroblasts, as induction of cytokines, matrix met-
alloproteinases, and mtDNA mutations. Of these, the induction of
collagenase (matrix metalloproteinase-1; MPP-1) which degrades
collagen-type I, the major constituent of the connective tissue, is
of particular significance since the extent of collagen I reduction
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Fig. 1. Absorbance profiles of (a) rutin (5.0-15.0ugmL~") and (b) ethylhexyl
methoxycinnamate (3.5-15.0 pg mL-1)in 99.5% ethanol (Velasco et al., 2008). [Abs]:
absorbance.

correlates with photodamage in human skin (Persson et al., 2002;
Vielhaber et al., 2006).

Recently, there is a world trend to the development of sun-
screens containing reduced concentration of chemical UV filters,
even though, possessing broad spectrum anti-UV radiation effec-
tiveness (Velasco et al., 2008), and natural or bioactive products
have been the focus of several researches due to the presumable
safe utilization, ecological issues (sustainability), and minimum
ambient impact (Banov et al., 2006; Rolim et al., 2006). Oriented
to the sunscreen development, the use of natural raw materials
that infers UV absorption and skin protection against UVB and UVA
radiation is of great interest, associated with the benefits of these
products and compliance of the consumers (Tabrizi et al., 2003).

Polyphenolic compounds exhibit a wide number of biological
properties as an outcome of their different in vivo action mech-
anism. Their several pharmacological activities include: antialler-
gic, antiinflamatory, hepatoprotective, vasoactive, antithrombotic,
antioxidant, free radical scavenging, antitumor, antibacterial and
antiprotozoal, among others (Movileanu et al., 2000; Baby et al.,
2006). Some studies have also been performed on various plants

Table 1

such as Aloe, Helichrysum, Chamomile, Hamamelis, Cinnmomum,
Camellia, Rosa, Ginkgo and Polypodium, among others (Tabrizi et al.,
2003; Kullavanijaya and Lim, 2005; Maia Campos et al., 2006; Yusuf
etal,,2007). Due to the structural similarities between polyphenolic
compounds, such as flavonoids, and organic UV filters, in addition to
the antioxidant and absorbance spectrum profiles of these bioactive
compounds, illustrated in Fig. 1, they might exert photoprotection
activity (Velasco et al., 2008).

The objective of the present research work was to develop sun-
screen delivery systems containing, as bioactive compounds, rutin,
Passiflora incarnata L. and Plantago lanceolata extracts associated
or not with UVB and UVA organic and inorganic UV filters. Bioac-
tive sunscreens had their photoprotection effectiveness obtained
in vitro by diffuse transmittance measurements. P. incarnata L.
and P. lanceolata extracts were selected as potential bioactive
agents due to their phytochemical compositions possessing con-
siderable content of polyphenolic compounds. Phytochemical trials
also identified the following constituents for these extracts: alka-
loids, flavonoids, tannins, carbohydrates, glycosides, benzoflavone,
volatile substances and amino acids, among others (Dhawan et al.,
2004; Brady et al., 2003).

2. Experimental

2.1. Development of prototype sunscreens: dimethicone-polymer
delivery systems

Sun-care delivery systems were developed as innovative
dimethicone-polymer emulsions obtained by cold process with
composition described in Table 1. The design of the delivery sys-
tems was based on sun-care emulsions reported by Velasco et al.
(2008). Mangifera indica seed (mango) butter (and) dimethicone
(and) ceteth-20 (and) steareth-21 (DC® 7-3123 Mango Blend Emul-
sion), Butyrospermum parkii (shea butter) (and) dimethicone (and)
ceteth-20 (and) steareth-21 (DC® 7-3121 Shea Blend Emulsion)
and sodium polyacrylate (and) dimethicone (and) cyclopentasilox-
ane (and) trideceth-6 (and) PEG/PPG-18/18 dimethicone (DC® RM
2051 Thickening Agent) were gifts from Dow Corning (Brazil).
Alcohol denat., BHT (butylated hydroxytoluene), propylene glycol,
sodium hydroxide and citric acid were purchased from Lab-
Synth (Brazil). Sodium lauryl sulfate (Genapol® LSS), ammonium
acryloyldimethyltaurate/VP copolymer (Aristoflex® AVC), PEG-8
(Carbowax® PEG 400) and disodium EDTA (Uniquelan® Na2S) were
acquired from Pharmaspecial (Brazil). 2-Bromo-2-nitropropane-
1,3-diol (Protectol® BN) was kindly provided by Croda (Brazil). Raw
materials were of analytical, cosmetic or pharmaceutical grade and
used as received, without any further purification.

Qualitative and quantitative composition (%, w/w) of the delivery systems to be incorporated with the bioactive compounds and organic and inorganic UV filters

Components (INCI)?

Composition (%, w/w)

Mangifera indica seed (mango) butter (and) dimethicone (and) ceteth-20 (and) steareth-21 1.5
Butyrospermum parkii (shea butter) (and) dimethicone (and) ceteth-20 (and) steareth-21 1.5
Sodium polyacrylate (and) dimethicone (and) cyclopentasiloxane (and) trideceth-6 (and) PEG/PPG-18/18 dimethicone 1.5
Alcohol Denat. 15.0
Sodium lauryl sulfate 0.5

BHT 0.05
Ammonium acryloyldimethyltaurate/VP copolymer 3.0
Propylene glycol 3.0
PEG-8 3.0
Disodium EDTA 0.05
2-Bromo-2-nitropropane-1,3-diol 0.03
Sodium hydroxide ou citric acid pH 6.0+ 0.5
Aqua q.s. 100.0

2 Qualitative composition was reported in accordance with INCI (International Nomenclature of Cosmetic Ingredient — http://ec.europa.eu/enterprise/cosmetics/inci/inci-2006.

pdf).
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Table 2
Total flavonoids (%, w/w), expressed in rutin, of Passiflora incarnata L. dry extract and
Plantago lanceolata hydroglycolic extract

Bioactive extracts Passiflora incarnata L.

5.951 +0.146

Plantago lanceolata

3.591+0.109

Total flavonoids (%, w/w)

As bioactive compounds, rutin (Henrifarma, Brazil), P. incarnata
L. dry extract (Grupo CentroFlora, Brazil) or P. lanceolata hydro-
glycolic extract (Phytessence® plantago, Croda Brazil) were added
to the delivery systems and they were associated or not with
organic and inorganic UV filters. Ethylhexyl methoxycinnamate
(UVB organic filter, Uvinul® MC 80, Basf, Brazil), benzophenone-3
(UVA organic filter, Uvinul® M 40, Basf, Brazil) and titanium dioxide
(inorganic filter, Henrifarma, Brazil) were selected due to their wide
utilization, as anti-UV radiation actives, in commercially available
sunscreen products (Gaspar and Maia Campos, 2003; Serpone et
al., 2006; More, 2007; Velasco et al., 2008).

Bioactive compounds, specifically dry and hydroglycolic
extracts, prior to inclusion into the dimethicone-polymer deliv-
ery systems, had their content of total flavonoids (expressed in
rutin) quantified (%) according to UV spectrophotometric method
at 361.0 nm with solvent composed of 95.0% ethanol-0.02 M acetic
acid (99:1, v/v) and, as reference, standard rutin 96.1%, NF, XI. The
analytical method was previously validated and described else-
where (Rolim et al., 2005; Baby et al., 2006). The content of total
flavonoids (%, w/w), expressed in rutin, of P. incarnata L. dry extract
and P. lanceolata hydroglycolic extract was presented in Table 2.

The content of total flavonoids from the extracts was achieved to
allow the incorporation of analogous bioactive concentration, com-
parable to isolated rutin equal to 0.1% (w/w). Table 3 reports associ-
ations and proportions of the bioactive compounds and UV filters.

2.2. Substrate treatment

Rough exterior synthetic collagen-type sheet (Vitro-Skin®, IMS
Inc., USA), mimicking human'’s skin surface geometry, was treated
as described by Diffey et al. (2000), and Velasco etal.(2008), prior to
the assessment of in vitro photoprotection efficacy. Collagen-type
sheets were hydrated by complete immersion in distilled water
for 24 h. Once hydrated, it acquired texture similar to human epi-
dermis and seemed to assist break down of sunscreen emulsions
likewise as in human skin (Springsteen et al., 1999). After hydration,
substrate was placed in temperature- (20.0 + 2.0 °C) and humidity-
controlled environment until the spectrophotometric analysis of
the sunscreen delivery systems.

2.3. In vitro photoprotection efficacy

Delivery system samples of 70.0 mg were accurately weighed
and uniformly applied on the treated collagen-type substrate as
a thin homogeneous film of 2.0 ugcm~2 with 5.0 mm thickness.
Samples were gently rubbed on the substrate rough side employing
circular motions, from edges to center, by a saturated glove-coated
finger. Then, sample films over substrate were allowed to dry
under room temperature (20.0 + 2.0 °C), protected from light expo-
sure, for 20 min. This rest condition is also relevant to allow fully
breaking of dimethicone-polymer delivery systems (Springsteen et
al., 1999; Diffey et al., 2000; Couteau et al., 2007; Velasco et al.,
2008).

The principle of the analysis is based on diffuse transmit-
tance measurements in which light scattered at different angles
is collected using an integrating sphere (Springsteen et al., 1999;
Gers-Barlag et al., 2001). UV transmission of the sunscreen deliv-
ery system films was performed by using an UV-1000S Ultraviolet
Transmittance Analyzer equipped with integrating sphere and
xenon flashlamp (Labsphere®, USA). Spectra are obtained with two
photodiode array spectrographs. Transmittance values were regis-
tered on the interval of wavelength ranging from 290 to 400 nm.
After the analysis, in vitro photoprotection efficacy was evaluated
according to the following parameters: UVB efficacy by estimated
sun protection factor (SPF); UVA efficacy by Boot’s Star Rating and
UVA/UVB ratio; and critical wavelength (A.). Replicates of five were
performed (Springsteen et al., 1999; Diffey et al., 2000; FDA, 2007;
Velasco et al., 2008).

2.4. Theoretical background

The in vitro photoprotection test method allows us to determine
the performance of sunscreen actives or final products against UV
radiation, ranging from UVB to UVA (Heinrich et al., 2004).

The technique involves measuring the diffuse transmittance of
a defined layer of the tested sample in the UV spectrum. Estimated
SPF (Eq. (1)) is calculated as follows (Springsteen et al., 1999; Gers-
Barlag et al., 2001):

400 nm
280nm E)‘S)‘ da (1)

400 nm
280 nm E;S, T, dA

SPF =

where E; : spectral irradiance of used light spectrum at wavelength
A; S,: erythemal action spectrum at wavelength A; T;: measured
sample transmittance at wavelength A.

Table 3
Concentration (%, w/w) and associations of bioactive compounds and organic/inorganic UV filters
SDS Concentration (%, w/w)

R Pi Pl EHMC BZP TiOy
263 (control) Zero
264 Zero 3.5 1.0 1.0
265 Zero 7.0 2.0 2.0
266 0.1 Zero
269 0.1 Zero 3.5 1.0 1.0
270 0.1 Zero 7.0 2.0 2.0
267 Zero 1.682 Zero
271 Zero 1.682 Zero 3.5 1.0 1.0
268 Zero 1.682 Zero 7.0 2.0 2.0
272 Zero 2.78b Zero
273 Zero 2.78P 3.5 1.0 1.0
274 Zero 2.78b 7.0 2.0 2.0

SDS: sunscreen delivery systems; R: rutin; Pi: Passiflora incarnata L. dry extract; Pl: Plantago lanceolata hydroglycolic extract; EHMC: ethylhexyl methoxycinnamate; BZP:

benzophenone-3; TiO: titanium dioxide.

2 Concentration of the Passiflora incarnata L. dry extract equivalent in 0.1% (w/w) isolated rutin
b Concentration of the Plantago lanceolata hydroglycolic extract equivalent in 0.1% (w/w) isolated rutin.
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Fig. 2. In vitro SPF values of the sunscreen delivery systems (263-274: delivery
systems). Equal letters over the bars indicate statistical similarities (p <0.05).

To calculate critical wavelength (A.), the area under the
absorbance curve (AUC) is set at 100%. A is the wavelength at which
90% of the AUC is reached in the range 290-400 nm. According to
FDA (2007), a five-point scale ranging from 0 to 4 is used to classify
products: 0 (Ac<325nm); 1 (325 <A:<335), 2 (335<A:<350), 3
(350 < A:<370),4 (370<A¢). Springsteen et al. (1999), classified as
a broad spectrum sunscreen the product that achieved A. higher
than 370 nm. The following Eq. (2) (critical wavelength) is applied
(Diffey et al., 2000; Gers-Barlag et al., 2001; Heinrich et al., 2004):

Ac 400nm
/ A(L) % 82 :0.9*/ A(L) % 8A (2)
2

90nm 290nm

where A: absorbance.

The UVA/UVB ratio is a criterion that reflects the ratio of the
integral UVA to UVB attenuation. The closer the ratio is to 1, the
more similar are the integral UVA- and UVB-attenuation values.
For its determination, the Eq. (3) (UVA/UVB ratio (R)) is employed
(Gers-Barlag et al., 2001; Heinrich et al., 2004):

400 nm 400 nm
R = 320nm A(A)dk/ f320nm da

~  320nm 32nm .
290nm A(A)dk/ f290nm da

(3)

2.5. Statistical treatment

One-way analysis of variance (ANOVA) followed by Tukey’s Mul-
tiple Comparison Test (p < 0.05) was performed by using GraphPad®
Prism version 5.00 for Windows®, GraphPad® Software, San Diego,
California, USA.

3. Results and discussion

During recent years, knowledge of the effects of UVB and UVA
radiation from the sun on human skin has increased significantly.
UV exposure of human skin induces multiple deleterious in the epi-
dermis and dermis, and this type of radiation appears to have a dual
role in the induction of skin cancers as it may cause several vari-
eties of direct DNA damage plus suppress the immune response to
developing skin cancers (FDA, 1999; Seité et al., 2000). The authen-
tic necessity of human skin protection against solar radiation has
led to the concerning and upgrading of the development of broad
spectrum sunscreens highly effective over the UVB-UVA absorbing
range. Modern sunscreen products are also intended to counteract
several kinds of UV-induced skin damage such as photoallergies,
skin wrinkles and dryness, sunburn and even skin cancer. From the
Cosmetic Science viewpoint, the cumulative radiation exposure of
skin is directly linked to the generation of fine lines and wrinkles

Table 4

In vitro estimated SPF values of sunscreen delivery systems

Sunscreen delivery systems (SDS)

SDS-265 SDS-266 SDS-267 SDS-268 SDS-269 SDS-270 SDS-271 SDS-272 SDS-273 SDS-274

SDS-264

SDS-263

SPF

17.48 +0.438 24.256 +3.276 1.122 +0.008 1.192 +0.020 20.072 +0.906 13.748 +£1.097 27.574+2.056 16.106 +£0.870 1.128 +0.011 10.730+0.369 28.064 +2.429

0.972+0.004

SPF: estimated sun protection factor.
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(Schulzetal.,2002; Velasco et al.,2008). Therefore, sun-care formu-
lations are supposed to deliver to the skin multi-aggregate benefits,
such as: emolliency, moisture, free radical scavenging protection,
UV filter non-migration, anti-aging prevention, UV substantivity
(adhesion) to the skin, well-being and environment protection,
among other.

In vitro studies have been considered of utmost importance
to elucidate the potential of some active substance additions to
cosmetic formulations. Results from in vitro assessments may pre-
viously validate submission to in vivo efficacy experiments through
non-clinical and clinical studies (Santos et al., 1999; Maia Campos et
al., 2006). Regarding sun-care experiments, it is also a safety issue,
since only in vitro positive responses will direct the future of the in
vivo tests.

Sunscreen delivery systems obtained SPF values ranging from
0.97240.004 (SDS-263) to 28.064 & 2.429 (SDS-274), determined
by diffuse transmittance analysis coupling with integrating sphere.
Bioactive compounds interacted with organic and inorganic UV
filters positive and negatively, and photoprotection efficacy was
dependent of the nature of the bioactive compound and UV fil-
ter concentrations. Fig. 2 and Table 4 summarize SPF values of
sunscreen delivery systems containing bioactive compounds asso-
ciated or not with UV filters.

Highest SPF values (statistically significant and equivalent) were
synergistically reported when rutin (SDS-270; SPF=27.574 + 2.055)
or P. lanceolata hydroglycolic extract (SDS-274; SPF=28.064+

2.429) were associated with 7.0% (w/w) ethylhexyl methoxycinna-
mate, 2.0% (w/w) benzophenone-3 and 2.0% (w/w) TiO,. Delivery
systems containing UV filters at high concentrations (SDS-265)
have accomplished SPF of 24.256+3.276 and, at low concen-
trations (SDS-264), 17.480 +0.438. Fig. 3 shows the absorbance
spectrum profiles of the sunscreens delivery systems.

Unpredictably, P. incarnata L. dry extract interacted negatively
with UV filters at high concentrations (SDS-268), provoking signif-
icant reduction of the SPF value to 20.072 +0.906. Similar profile
was observed for P. lanceolata hydroglycolic extract (SDS-273;
SPF=10.730+0.369), in which UVB protection was decreased in
comparison with SDS-264. This behavior may be attributed to four
main factors: composition of the delivery system, as a vehicle; pres-
ence of inorganic UV filter (TiO,); quantitative composition of the
organic UV filters; and phytochemical composition of the P, incar-
nata L. and P. lanceolata extracts.

Formerly reported, rutin has statistically improved the SPF value
of a sunscreen containing 3.5% (w/w) ethylhexyl methoxycinna-
mate and 1.0% (w/w) benzophenone-3, in comparison to a similar
preparation bioactive-free, from 7.34 + 0.24 t0 9.97 & 0.18.1tis made
noteworthy that the stated formulations were not incorporated
with TiO,. Divergently with this present research, when rutin
was associated with organic UV filters at high concentrations, SPF
augmentation was not observed (SPF rutin-free=14.63 4+0.2.05;
SPF rutin=14.94 4+ 1.41; data reported previously by Velasco et al.,
2008).
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Fig. 3. Absorbance spectrum profiles of the sunscreens delivery systems (263-274: delivery systems).
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Fig. 4. UVA/UVB ratio of the sunscreen delivery systems (263-274: delivery sys-
tems).

Organic UV filters are sun-care active substances existing, gen-
erally, as aromatic compounds conjugated with a para or ortho
electron-releasing group and an electron-acceptor one. This chem-
ical structure favors electron delocalization and transfer from
the electron-releasing to the electron-acceptor group. Quantum
mechanical calculations have shown that this electron delocal-
ization energy corresponds to the energy of the radiation quanta
present in the UVB and UVA region. Complementing, organic UV fil-
ters decrease the dose of UV light reaching human skin by absorbing
the radiation via electron promotion from a lower energy molec-
ular orbital (LUMO) to a higher energy one (HOMO) (Wolf et al.,
2001; Scalia et al., 2002; Flor et al., 2007). Thus, it may be suggested
that the phytochemical composition of the extracts, considering
the presence of flavonoids as electronegative polyphenolic com-
pounds (Martins et al., 2004; Mielczarek, 2005; Mukherjee et al.,
2005; Teixeira et al., 2005), could have stabilized the organic UV
filter molecules, elevating the amount of energy between LUMO
and HOMO. Since the energy is inversely proportional to wave-
length, the latter was diminished which might have caused a
dislocation of the maximum wavelength to values inferior than
290 nm, consequently, provoking the decline of the SPF. Also, the
opposite behavior might have occurred and favored UVA protec-
tion effectiveness and, accordingly, maximum wavelength could
have reached values superior than 320 nm which might justify
some improvement of the sunscreen delivery systems against UVA
radiation. From a practical application perspective, it was noticed
that associating UV filters with bioactive compounds in a complex
medium, as an emulsion, led to a distinctive photochemistry pro-
file, different from the photochemistry of isolated compounds. The
reactions occurred on the associations, as also observed by Dondi
et al. (2006), involving ethylhexyl methoxycinnamate and avoben-
zone, as UV filters, were concentration- and medium-dependent,
which were consistent with our experimental results.

SDS-263 (control), SDS-266, SDS-267 and SDS-272 generated
SPF statistically alike of, approximately, 1. Even so, SDS-266 and
SDS-267 obtained UVA/UVB ratios of 1.20 and 1.00, respectively,
and, unexpectedly, SDS-272 offered UVA/UVB ratio of 0.35. Control
provided 0.15 for this parameter. Fig. 4 presents the UVA/UVB ratio
results. The UVA/UVB ratio derived from extinction spectra of sun-
screen formulations. It is a result of the reduction of the complete
spectral information to one number, characterizing, in some way,
the shape of a spectrum in terms of UVA coverage in relation to the
amount of UVB coverage (Herzog et al., 2002). Rutin and P. incarnata
L. dry extract have increased UVA protection, in comparison with
the control, whenincorporated alone on the sunscreen delivery sys-
tems, whereas P. lanceolata hydroglycolic extract has not improved
this relevant defense against UVA radiation. Although the bioactive

Table 5
Boot’s Star Rating system and its relation with sunscreen claim for UVA protection
(Springsteen et al., 1999)

Star category Sunscreen claim related to UVA protection

No stars No claim (too low for UVA claim)
A

\;\( Minimum

- \- ™ .\,

) il Moderate
A A i

) S N Good

Ao A A N

J\( \fz‘\( 7/‘\( \V'J/ Superior
A A A A A

W Ultra

sunscreens were developed with identical concentration of isolated
natural or botanical raw materials (total flavonoids, expressed in
rutin), it was observed, through our results, that the composition
of the extracts played a major role on sunscreen effectiveness.

In our previous study (Velasco et al., 2008), 0.1% (w/w) rutin
incorporated to an O/W emulsion developed with cetearyl alcohol
(and) dicetyl phosphate (and) ceteth-10 phosphate has achieved
UVA/UVB ratio of 0.95, inferior but compatible with the present
research work. However, the emulsified phosphate-base sys-
tem (control) was superiorly defensive against UVA radiation,
with UVA/UVB ratio of 0.77, when compared to this authentic
dimethicone-polymer delivery system.

According to the Boot’s Star Rating system related to UVA
effectiveness, sunscreen delivery systems were classified from
non-protective against UVA to ultra-protective. Table 5 describes
Star Rating categories and their association with sunscreen claim
for UVA protection (Springsteen et al., 1999). Delivery systems
developed with organic and inorganic UV filters (SDS-264 and SDS-
265) have reached moderate-protection against UVA radiation.
Independently of the UV filter concentration, the maximum UVA
protection attained was moderate. Rutin (SDS-266) and P. incarnata
L. dry extract (SDS-267) have provided UVA ultra-protection when
alone at the delivery systems. P. lanceolata hydroglycolic extract
(SDS-272) alone just reached UVA minimum-protection, what
allowed us to suggest that this extract, despite its content of total
flavonoids, expressed in rutin, was ineffective as an UVA filter.
It was noticed that UV filters interacted negatively with rutin
(SDS-269 and SDS-270) and P. incarnata L. dry extract (SDS-271 and
SDS-268) concerning the defense against UVA radiation. This nega-
tive interaction seemed to be qualitative and independent of the UV
filter concentrations, since reduction of UVA protection occurred
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Fig. 5. Critical wavelength (A, nm) of the sunscreen delivery systems (263-274:
delivery systems).



56 M.V.R. Velasco et al. / International Journal of Pharmaceutics 363 (2008) 50-57

(A) UVB Sunscreen

(€)2

Absorbance

AR R

NI
290 300 310320 330 340 350 360 370 380 390 400
Wavelength (nm)

(B) Broadspectrum Sunscreen

Absorbance
-

290

Absorbance

290 300 310320 330 340 350 360 370 380 390 400
Wavelength (nm)

305 33

W UVB Sunscreen (SDS-265)

335
350 65

3
Wavelength (nm) 380

395

Broad Spectrum Bioactive Sunscreen (SDS-268)

Fig. 6. Literature data (A and B) compared to the results obtained wherein (C) in relation to a UVB (SDS-265) and a broad spectrum bioactive sunscreen containing P. incarnata
L. dry extract (SDS-268). A: UVB sunscreen; B: broad spectrum sunscreen (Diffey et al., 2000); and C: experimental results where dark gray represents the UVB sunscreen
and the light gray, with the higher absorbance at UVA region (>320 nm), represents the broad spectrum bioactive sunscreen (note the absorbance extension in light gray).

simply by the presence of the UV filters with rutin and P. incarnata
L. bioactive compounds. UV filters in the presence of P. lanceolata
hydroglycolic extract have not shown interaction, since SDS-273
and SDS-274 have neither improved nor decreased the Star Rating
category: it was kept identical to their similar sunscreen delivery
systems, SDS-264 and SDS-265 (UVA moderate-protection).

We have also observed the effect of the delivery system on
the UVA protection effectiveness. This new dimethicone-polymer
delivery system (SDS-263) achieved UVA non-protection category,
as could be estimated. On the other hand, a phosphate-base system
mentioned earlier (Velasco et al., 2008), as an emulsion vehicle
without addition of bioactives or UV filters, obtained UVA good-
to superior-protection (data not shown). It has demonstrated the
choice relevance prior to select and to develop a sunscreen vehi-
cle. Presently, UV filters are contained in several types of vehicles,
each one presenting peculiar characteristics. Among these vehicles:
aqueous and hydroalcoholic gels; emulsions (lotions and creams);
oils; sprays and aerosols; and wax sticks. Gupta (1998), and Palm
and O’'Donoghue (2007), described advantages and disadvantages
for each vehicle intended to contain UV filters. Emulsified systems
are largely used to deliver UV filters, being considered popular and
versatile vehicles with easy application. Viscosity and sensorial
properties are conveniently adjusted allowing the improvement
of the consumer adherence. But, as wherein presented, emulsified
systems may favor or inhibit anti-UV protection, which is depen-
dent of their excipients. Emulsions developed with phosphate-base
emulsifiers seemed to achieve better profile for UV filter vehi-
cles.

Critical wavelength (A¢) is an alternative test to Boot’s Star Rat-
ing system that straightforwardly identifies if a sunscreen presents
or not UVA protection. By this assessment, a given sun-care prod-
uct may be qualified as broad spectrum sunscreen, according to a
minimum value of A.. Basically, the idea of this parameter is the
uniformity evaluation of the sunscreen absorbance spectrum (total
reliance on the curve shape) based on the integral of the spec-
tral absorbance curve that reached 90% of the integral from 290
to 400 nm (Springsteen et al., 1999; Diffey et al., 2000). Fig. 5 con-
cisely presents the A, results of the sunscreen delivery systems.
Diffey et al. (2000), and Nash et al. (2006), exemplified the dif-
ference between an UVB sunscreen and a broad spectrum one.
Illustratively, Fig. 6 compares literature data (Diffey et al., 2000)

and the results obtained wherein in relation to an UVB (SDS-265)
and a broad spectrum bioactive sunscreen containing P. incarnata
L. dry extract (SDS-268).

The sunscreen delivery systems that attained A. of 370 nm or
more were those developed with rutin (SDS-266) and P. incarnata L.
dry extract (SDS-267) alone and the one containing high concentra-
tion of organic and inorganic UV filters associated with P. incarnata
dry extract (SDS-268), that achieved A. of 368.6 nm, which was
statistically equal to 370 nm. All other sunscreens have not reached
critical wavelength superior than 366.4 nm and SDS-263 (control)
obtained 331 nm. These results are corroborated by Diffey et al.
(2000), who noticed that UV filter concentration and appropri-
ate formulation design are qualitative and quantitatively essential
to successfully produce a true broad spectrum sunscreen and the
empirical addition of UVA organic and inorganic filters would not
ensure a sun-care product presenting such characteristic.

4. Conclusion

The development of optimal sunscreen delivery systems is
an incessant challenge to the Cosmetic Sun-care Research and
Development, in addition to the search of more sophisticated and
effective formulations that provide broad spectrum UV protection
(Rhodes and Callaghan, 2004). By the exposed, among all asso-
ciations of bioactive compounds and UV filters, we found that
the broad spectrum sunscreen was accomplished when P. incar-
nata L. dry extract was in the presence of 7.0% (w/w) ethylhexyl
methoxycinnamate, 2.0% (w/w) benzophenone-3 and 2.0% (w/w)
TiO,. It was demonstrated that this association generated esti-
mated SPF of 20.072 £0.906 and it has improved the protective
defense against UVA radiation, accompanying augmentation of the
UVA/UVB ratio from 0.49 (analogous delivery system not added
with the dry extract) to 0.52 and A. from 364 to 368.6 nm. The
photochemistry profile exhibited by all associations of bioactive
compounds with UV filters was generated by a complex mecha-
nism, involving chemical interactions not yet elucidated.

Effectiveness analyses of sunscreen products involved the inter-
pretation of several critical parameters to broadly determine the
anti-UV protection, like: estimated SPF, Boot’s Star Rating category,
UVA/UVB ratio and critical wavelength. According to our results,
it was also noticed that the photoprotection profile of a sunscreen
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product would only be fully obtained if those parameters, revealed
earlier, were treated concomitantly.
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