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Abstract: Innovative prototype sunscreens with reduced ultraviolet (UV) filters are required to
achieve safer, more effective, and more environmentally friendly formulations. Rosmarinic acid
(RA) is a phenolic antioxidant and potential candidate for multifunctional sunscreens. We used RA
(0.1% w/w) in combination with avobenzone (2.5% and 5.0% w/w), a UVA filter, and ethylhexyl
methoxycinnamate (10.0% w/w), a UVB filter, to evaluate in vitro sun protection factor (SPF) and
critical wavelength, photostability, and the in vivo SPE. RA, in vitro, improved the SPF of F2 (ethyl-
hexyl methoxycinnamate 10.0% w/w + avobenzone 2.5% w/w + RA 0.1% w/w) and F3 (ethylhexyl
methoxycinnamate 10.0% w/w + avobenzone 5.0% w/w + RA 0.1% w/w), which also presented broad-
spectrum profiles; however, no expressive effects were observed for the critical wavelength (nm). By
the in vivo trial, RA showed an increment in the F3 SPF value and maintained the F2 effectiveness,
even when avobenzone was at 2.5%. Nonetheless, no increase in photostability was observed. Our
findings suggest that incorporating natural molecules with antioxidant activities into sunscreens
could decrease the proportion of conventional UV filters in the final product, with the advantage of
providing other functional properties. Further investigation of higher RA concentrations, even from
other sources, and other UV filter combinations could reveal important data for the development of
multifunctional sunscreens.
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1. Introduction

Great attention has been given to the harmful effects of sunlight overexposure on
the unprotected skin, such as photoaging, oxidative stress, and skin carcinogenesis [1,2].
The use of sunscreens is known as a viable and good strategy to prevent or to overcome
those effects. These topical formulations contain molecules or molecular complexes that
reduce the ultraviolet (UV) effects over the skin by absorbing, reflecting, or dispersing the
incident light. Organic filters absorb UV radiation, while inorganic filters reflect or disperse
the radiation, and may also absorb a part of it [3,4]. The increased use of combinations
of such filters in sunscreens had been evaluated along with environmental and safety
concerns [5,6]. The deposition of synthetic UV filters into the sea [7,8] and the safety
of them regarding photoallergy and photoinstability are continuously under regulatory
review among the agencies worldwide [9]. Thus, lower concentrations of UV filters to
achieve a broad-spectrum sunscreen is very beneficial for formulation approval during
safety assessment.

Different exogenous molecules can provide efficient multifunctional effects in sun-
screens [10,11]. Polyphenols are probably one of the most efficient classes of compounds
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against oxidative stress, having an important role in the adsorption and neutralization of
free radicals [12]. In fact, sunscreens associated with antioxidants have shown an increment
in skin protection, thus reducing the damage caused by the UV radiation [6,13,14] and
acting as a safer environmental alternative [15,16]. For instance, Afonso and coworkers
observed that ubiquinone and vitamin E improved, by an in vitro test, the sun protection
factor (SPF) of avobenzone, a UVA filter [17].

Rosmarinic acid (RA), a phenolic compound [18], is an ester of caffeic acid (Figure 1).
Studies have shown that RA is an efficient antagonist in lipid peroxidation, being able to
insert itself spontaneously in lipid membranes with greater affinity for unsaturated lipids,
as well as its use in the treatment of atopic dermatitis and in aid of photoprotection [19,20].
It has several biologic activities such as antioxidant, antiviral, and anticancer, among
others [21-23]. Considering its topical application, it is a compound that can penetrate the
cutaneous tissue. Moreover, it was reported RA increased the survival of keratinocytes
exposed to UVB radiation, inhibiting the generation of intracellular reactive oxygen species
(ROS) with a concomitant decrease in DNA damage [24]. Furthermore, it is a compound
of great interest to the pharmaceutical, food, and cosmetic industries, with beneficial
health-promoting effects.

Figure 1. Chemical structure of the rosmarinic acid.

Our research group has been working with natural compounds as photoprotection
enhancers for over a decade [12] and, in this research work, we evaluated the effect of
the presence of rosmarinic acid in sunscreen system by in vitro and in vivo tests aiming to
establish the samples’ efficacy profiles.

2. Materials and Methods
2.1. Samples

The qualitative and quantitative (% w/w) composition of our three emulsions is
described in Table 1.

Table 1. Qualitative and quantitative (% w/w) composition of sunscreens.

Concentration (% w/w)

Composition Phase 1 2 3
Cetearyl alcohol (and) dicetyl phosphate (and) ceteareth-10 phosphate (e} 4.0 4.0 4.0
Isopropyl myristate @) 5.0 5.0 5.0
Ethylhexyl methoxycinnamate (@) 10.0 10.0 10.0
Butil methoxydibenzoylmethane (avobenzone) @) 5.0 2.5 5.0
Rosmarinic acid F - 0.1 0.1
Glycerin A 5.0 5.0 5.0
Phenoxyethanol (and) methylparaben (and) butylparaben (and) ethylparaben A 075 075 075
(and) propylparaben (and) isobutylparaben ’ ' '
Ammoniumacryloyldimethyltaurate /VPcopolymer A 1.0 1.0 1.0
Ethanol F 5.0 5.0 5.0
Purified water A g.s. 100.0 g.s. 100.0 g.s. 100.0

O—oily phase; A—aqueous phase; F—final phase; q.s.—enough quantity to.
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The batch size was standardized at 20.00 g of each formulation. The oily phase was
heated to 55 °C and the water phase up to 60 °C. The oily phase was added to the water
phase to obtain the emulsion using mechanical stirring. The mixture was cooled to 35 °C
to add the final phase. The formulations’ pH values were adjusted between 5.0-6.0 with
triethanolamine or citric acid at 22 4 2 °C. The samples were stored at room temperature
in glass containers. After 48 h, organoleptic characteristics (appearance, color, and odor)
were observed.

2.2. In Vitro Photoprotective Efficacy and Photostability Assay

Samples had the sun protection factor (SPF) and the critical wavelength (nm) measured
to establish the in vitro photoprotective efficacy using a Labsphere UV2000S Ultraviolet
Transmittance Analyzer [25]. An amount of 1.3 mg/cm? of each sample was uniformly
applied on polymethylmethacrylate plates (1 = 3) (Helioplate HD 6, Helioscreen, North
Sutton, NH, USA). Then, the plates were left for 30 min under light protection to dry [26].
The test was performed according to Candido and coworkers. The in vitro SPF and critical
wavelength (nm) were calculated by the UV-2000 software [27,28]. Photostability was
carried out right after obtaining the in vitro efficacy parameters. The same substrates
containing the samples were irradiated for up to 2 h with UV artificial irradiation from the
CPS + Atlas Suntest simulator equipped with a xenon lamp. The photostability test was
based on previous works from Scalia and Mezzena, Candido and coworkers, and Pereira
and coworkers [28-30]. After the UV stress, the post-irradiation values of the in vitro SPF
and critical wavelength (nm) were calculated as mentioned before.

2.3. In Vivo Sun Protection Factor (SPF)

The in vivo trial to evaluate the photoprotective efficacy of the sunscreen samples
was previously approved by the local committee on human experimentation, according
to ethical standards and the Helsinki Declaration. The pertinent information and clarifi-
cations regarding the trial were provided to each subject who expressed the interest to
participate [31]. The in vivo SPF assessment was performed according to guidelines and the
specialized literature [32-34]. Ten subjects were dermatologically evaluated and selected in
this trial. Aliquots of 2.0 mg/cm? of each sample were applied to the back of the subjects,
after proper cleaning with dry cotton. After 15 min for product drying, the defined areas
were irradiated with a Multiport 601 UV Solar Simulator. After 20 & 4 h of exposure, the
areas were visually evaluated under a standard lighting source and the SPF was calculated
by DEMp/DEMnp (DEMp is the minimal erythematous dose on the skin protected by
the reference product and DEMnp was the minimal erythematous dose on unprotected
skin) [34].

2.4. Statistical Analyses

Results were treated by the Minitab® program, version 19. Tests were performed in
n = 3, with a significance level of 5.0% (p < 0.05). One-way ANOVA followed by Tukey
tests were applied for the comparisons among the samples.

3. Results and Discussion

All emulsified systems were macroscopically homogeneous, stable after centrifugation
and thermal stress tests [35], and they showed pH values biocompatible with human skin
(5.2-5.9) (data not shown) [36]. The in vitro efficacy test showed that samples F1 and F2
had equal SPF values, as well as F2 and F3. However, F1 and F3 were dissimilar for this
parameter. Regarding the critical wavelength (nm), F1 and F3 developed the highest values,
equivalent between them. F2 generated an inferior and different value (Table 2).

Formulations could be considered sunscreens, since they achieved SPF > 6 [31,37].
The critical wavelength was about 380 nm for all samples, this parameter being the section
that covers 90% of the area under the integrated optical density curve of the UV from
290 to 400 nm. Formulations with critical wavelength values equal or above 370.0 nm
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are classified as broad-spectrum sunscreens, having protection throughout the UVA and
UVB ranges for a specific limit of SPF value [33,38,39]. Therefore, statistically, F2 and F3,
both with SPF > 15, were classified as broad-spectrum sunscreens. We expected an overall
performance increase of the formulations in the presence of RA, since polyphenol molecules
show absorbance between 250 and 270 nm (UV region) [3]. We observed an elevation of
the in vitro SPF for F2 and F3 and no robust improvements for the critical wavelength
of the samples that could be attributed to UVA filter concentration and/or limitation of
the spectrophotometric method, for example [40,41]. Accordingly, we observed that RA
exerted a more pronounced interaction with the ethylhexyl methoxycinnamate, the UVB
filter, contributing with the SPF elevation. Since the critical wavelength is a parameter
associated with the broad-spectrum protection of a sunscreen, our results indicated that
avobenzone (UVA filter) at the lowest used concentration (2.5% w/w) in F2 was responsible
for the critical wavelength reduction, albeit without interfering with the protection in the
UVB region.

Table 2. In vitro sun protection factor (SPF) values and critical wavelength (nm) of sunscreens (F1,
F2, and F3).

Samples In Vitro SPF Critical Wavelength (nm)
F1 12.00 £ 1.73 A 382.67 +0.58 €
F2 15.67 4+ 3.51 4B 379.34 +£0.58 P
F3 17.33 £ 0.58 B 381.67 +£0.58 €

Fl—ethylhexyl methoxycinnamate 10.0% w/w + avobenzone 5.0% w/w; F2—ethylhexyl methoxycinnamate
10.0% w/w + avobenzone 2.5% w/w + rosmarinic acid 0.1% w/w; F3—ethylhexyl methoxycinnamate 10.0%
w/w + avobenzone 5.0% w/w + rosmarinic acid 0.1% w/w. Samples that share a letter are statistically equal
(Tukey test: p < 0.05).

The photostability test showed that RA at 0.1% was not enough to avoid the instability
of the mixture of the UV filters. After 30 min of irradiation, F1 had a 44% decrease in SPF
while F2 and F3 decreased 34 and 42% (Figure 2A), respectively. Regarding the critical
wavelength, F2 was the most impacted formulation after irradiation; however, all samples
showed a decrease in this parameter after 120 min (Figure 2B). Since F2 composition was
half of avobenzone concentration, our results suggested that avobenzone was the main
photostability restriction [42]. Despite this drawback, it is one of the few UVA filters
approved. Some studies using the combination of antioxidants and avobenzone showed
good outcomes to prevent photodegradation [17]. We hypothesized that RA could also
contribute to stabilize avobenzone, since it is an antioxidant compound; however, all
formulations showed no photostability during the 120-min test.

Considering this scenario, we further investigated the effect of RA in an in vivo SPF
trial. Our in vivo SPF trial resulted in a significant raise of over 44% in the presence of
RA (F3) compared to the control (F1) (Figure 3). According to the specialized literature,
when antioxidants were used in combination with UV filters, there were observed SPF
improvements and reductions of UVB-induced erythema and UVA-induced skin rough-
ness and sagginess [43]. The mechanisms more accepted for the efficacy enhancement
are related to the absorption spectra in the UV range of antioxidants and oxidative stress
reduction. For RA, previous studies with oral administration showed a delayed in mal-
onyldialdehyde formation, which is a peroxidation marker, and up-regulation of tyrosinase
activity, stimulating melanin production [44]. Those outcomes suggested that RA may
induce endogenous defense mechanisms and also act as a radical scavenger for ROS after
UVA-induced stress.

According to Nicolai and coworkers, the association of 10.0% (w/v) Plectranthus
ecklonii Benth extract, rich in RA, with an UV filter known as benzophenone-4 at 6.0%
(w/v), induced an increment of 19.49% of the in vitro SPF value. Moreover, the skin
permeation, antibacterial activity, and acetylcholinesterase inhibition, as well as the no
cytotoxicity for human keratinocytes, revealed the multifunctional activity of RA derived
from natural resources in the production of antiaging dermocosmetics [45]. Our findings,
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interestingly, showed that F2 had statistically the same SPF value in vivo when compared
to F1. Considering that F2 has half of the avobenzone concentration, RA showed a positive
effect with this UVA filter, maintaining the photoprotection profile. Since the critical
wavelength of formulations was not ameliorated for the samples (Table 2), it is feasible to
suggest that the in vivo SPF increase was not associated exclusively with the UV-absorbing
properties of RA.
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Figure 2. Photostability test. (A) In vitro sun protection factor (SPF) before and after irradiation;
(B) critical wavelength (nm) before and after irradiation. Samples that share a letter are statistically
equal (Tukey test: p < 0.05). No irradiation (t0), 30 min irradiation (t30), 60 min irradiation (t60), and
120 min irradiation (t120). F1—ethylhexyl methoxycinnamate 10.0% w/w + avobenzone 5.0% w/w;
F2—ethylhexyl methoxycinnamate 10.0% w/w + avobenzone 2.5% w/w + rosmarinic acid 0.1% w/w;
F3—ethylhexyl methoxycinnamate 10.0% w/w + avobenzone 5.0% w/w + rosmarinic acid 0.1% w/w.
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Figure 3. Invivo sun protection factor (SPF). Samples that share a letter are statistically equal
(Tukey test: p < 0.05). Fl—ethylhexyl methoxycinnamate 10.0% w/w + avobenzone 5.0% w/w;
F2—ethylhexyl methoxycinnamate 10.0% w/w + avobenzone 2.5% w/w + rosmarinic acid 0.1% w/w;
F3—ethylhexyl methoxycinnamate 10.0% w/w + avobenzone 5.0% w/w + rosmarinic acid 0.1% w/w.

4. Conclusions

Rosmarinic acid, in vitro, was able to improve the SPF of the samples F2 (ethylhexyl
methoxycinnamate 10.0% w/w + avobenzone 2.5% w/w + RA 0.1% w/w) and F3 (ethylhexyl
methoxycinnamate 10.0% w/w + avobenzone 5.0% w/w + RA 0.1% w/w), which also
presented broad-spectrum profiles; however, no expressive effects were observed for the
critical wavelength (nm). By the in vivo trial, RA showed an increment in the F3 SPF value.
Moreover, RA maintained the sample effectiveness even when avobenzone was at 2.5%
(F2). Nonetheless, no increase in photostability was observed.

Our findings suggest that incorporating natural molecules with antioxidant activities
into sunscreens could decrease the proportion of conventional UV filters in the final product,
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with the advantage of providing other functional properties. Further investigation of higher
RA concentrations, even from other sources, and other UV filter combinations could reveal
important data for the development of multifunctional sunscreens.

Author Contributions: Conceptualization, A.R.B.; methodology, A.R.B., C.C.E., C.A.S.d.O.P. and
M.d.O.B.; formal analysis, A.R.B.,, ALM.-].,, RMM,, CR, M.VR.V. and M.d.O.B,; investigation,
ARB., C.CE, C.AS.d.O.P. and M.d.O.B.; writing—original draft preparation, A.L.M.-]., RM.M. and
M.d.O.B.; writing—review and editing, A.R.B., A.LM.-]., RM.M,, C.R. and M.V.R.V,; supervision,
A.R.B.; project administration, A.R.B.; funding acquisition, A.R.B. and M.V.R.V. All authors have read
and agreed to the published version of the manuscript.

Funding: This research was funded by Fundacao de Amparo a Pesquisa do Estado de Sao Paulo
(FAPESP, Process 2019/16169-0), Conselho Nacional de Desenvolvimento Cientifico e Tecnolégico
(CNPq, Process 305250/2019-1), and Coordenacao de Aperfeicoamento de Pessoal de Nivel Superior—
Brasil (CAPES, Finance Code 001).

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Ethics Committee of the Faculty of Pharmaceutical Sciences (protocol
code 1.181.993, 06/02/2015).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.
Data Availability Statement: Not applicable.
Acknowledgments: FAPESP (Brazil): CNPq (Brazil) and CAPES (Brazil).

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

Alves, A.PN.N.; Lima Juanior, E.M.; Piccolo, N.S.; de Miranda, M.J.B.; Lima Verde, M.E.Q.; Ferreira Junior, A.E.C,;
de Barros Silva, P.G.; Feitosa, V.P.; de Bandeira, T.J.P.G.; Mathor, M.B.; et al. Study of Tensiometric Properties, Microbio-
logical and Collagen Content in Nile Tilapia Skin Submitted to Different Sterilization Methods. Cell Tissue Bank 2018, 19, 373-382.
[CrossRef] [PubMed]

Ichihashi, M.; Ando, H.; Yoshida, M.; Niki, Y.; Matsui, M. Photoaging of the Skin. Anti-Aging Med. 2009, 6, 46-59. [CrossRef]
Morocho-Jacome, A.L.; Freire, T.B.; de Oliveira, A.C.; de Almeida, T.S.; Rosado, C.; Velasco, M.V.R; Baby, A.R. In Vivo SPF
from Multifunctional Sunscreen Systems Developed with Natural Compounds—A Review. J. Cosmet Derm. 2020, 20, 729-737.
[CrossRef]

Balogh, T.S.; Velasco, M.V.R.; Pedriali, C.A.; Kaneko, T.M.; Baby, A.R. Ultraviolet Radiation Protection: Current Available
Resources in Photoprotection. Bras. Derm. 2011, 86, 732-742. [CrossRef] [PubMed]

Marronato, A.; Santos de Almeida, T.; Portugal Mota, J.; Areias de Oliveira, C.; Rosado, C.; Robles Velasco, M.V. Comparison
of Sunscreens Containing Titanium Dioxide Alone Or In Association With Cocoa, Murumuru Or Cupuagu Butters. J. Biomed.
Biopharm. Res. 2016, 13, 229-244. [CrossRef]

Wréblewska, K.B.; Baby, A.R.; Grombone Guaratini, M.T.; Moreno, P.R.H. In Vitro Antioxidant and Photoprotective Activity of
Five Native Brazilian Bamboo Species. Ind. Crop. Prod. 2019, 130, 208-215. [CrossRef]

Kim, S.; Choi, K. Occurrences, Toxicities, and Ecological Risks of Benzophenone-3, a Common Component of Organic Sunscreen
Products: A Mini-Review. Env. Int. 2014, 70, 143-157. [CrossRef]

Apel, C.; Tang, J.; Ebinghaus, R. Environmental Occurrence and Distribution of Organic UV Stabilizers and UV Filters in the
Sediment of Chinese Bohai and Yellow Seas. Environ. Pollut. 2018, 235, 85-94. [CrossRef]

Stiefel, C.; Schwack, W. Photoprotection in Changing Times—UYV Filter Efficacy and Safety, Sensitization Processes and Regulatory
Aspects. Int. ]. Cosmet Sci. 2015, 37, 2-30. [CrossRef]

Sarruf, ED.; Candido, T.M.; de Oliveira, C.A.; Bou-Chacra, N.A.; Robles Velasco, M.V.; Baby, A.R. Influence of Shea (Butyros-
permum Parkii) Butter, TiO, and Ethylhexyl Methoxycinnamate on Physical Parameters and in Vitro Photoprotective Efficacy.
J Cosmet. Derm. 2020, 19, 2076-2085. [CrossRef]

Peres, D.A.; Sarruf, ED.; de Oliveira, C.A.; Velasco, M.V.R.; Baby, A.R. Ferulic Acid Photoprotective Properties in Association with
UV Filters: Multifunctional Sunscreen with Improved SPF and UVA-PF. J. Photochem. Photobiol. B 2018, 185, 46-49. [CrossRef]
[PubMed]

Peres, D.A.; de Oliveira, C.A.; da Costa, M.S.; Tokunaga, VK.; Mota, J.P.; Rosado, C.; Consiglieri, V.O.; Kaneko, TM,;
Velasco, M.V.R.; Baby, A.R. Rutin Increases Critical Wavelength of Systems Containing a Single UV Filter and with Good
Skin Compatibility. Ski. Res. Technol. 2016, 22, 325-333. [CrossRef] [PubMed]


http://doi.org/10.1007/s10561-017-9681-y
http://www.ncbi.nlm.nih.gov/pubmed/29380095
http://doi.org/10.3793/jaam.6.46
http://doi.org/10.1111/jocd.13609
http://doi.org/10.1590/S0365-05962011000400016
http://www.ncbi.nlm.nih.gov/pubmed/21987140
http://doi.org/10.19277/bbr.13.2.141
http://doi.org/10.1016/j.indcrop.2018.12.081
http://doi.org/10.1016/j.envint.2014.05.015
http://doi.org/10.1016/j.envpol.2017.12.051
http://doi.org/10.1111/ics.12165
http://doi.org/10.1111/jocd.13238
http://doi.org/10.1016/j.jphotobiol.2018.05.026
http://www.ncbi.nlm.nih.gov/pubmed/29864725
http://doi.org/10.1111/srt.12265
http://www.ncbi.nlm.nih.gov/pubmed/26346940

Cosmetics 2023, 10, 11 70f8

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

De Oliveira, C.A.; Peres, D.D.; Rugno, C.M.; Kojima, M.; De Oliveira Pinto, C.A.S.; Consiglieri, V.O.; Kaneko, T.M.; Rosado, C.;
Mota, J.; Velasco, M.V.R; et al. Functional Photostability and Cutaneous Compatibility of Bioactive UVA Sun Care Products.
J. Photochem. Photobiol. B 2015, 148, 154-159. [CrossRef] [PubMed]

Oliveira, C.A.d.; Peres, D.D.; Graziola, F.; Chacra, N.; de Aratjo, G.L.B.; Flérido, A.C.; Mota, J.; Rosado, C.; Velasco, M.V.R,;
Rodrigues, L.M.; et al. Cutaneous Biocompatible Rutin-Loaded Gelatin-Based Nanoparticles Increase the SPF of the Association
of UVA and UVB Filters. Eur. ]. Pharm. Sci. 2016, 81, 1-9. [CrossRef] [PubMed]

Cavinato, M.; Waltenberger, B.; Baraldo, G.; Grade, C.V.C.; Stuppner, H.; Jansen-Diirr, P. Plant Extracts and Natural Compounds
Used against UVB-Induced Photoaging. Biogerontology 2017, 18, 499-516. [CrossRef] [PubMed]

Mota, A.H,; Silva, C.O.; Nicolai, M.; Baby, A.; Palma, L.; Rijo, P.; Ascensao, L.; Reis, C.P. Design and Evaluation of Novel Topical
Formulation with Olive Qil as Natural Functional Active. Pharm. Dev. Technol. 2018, 23, 794-805. [CrossRef]

Afonso, S.; Horita, K,; Silva, ].PS.E.; Almeida, LE.; Amaral, M.H.; Lobao, P.A.; Costa, P.C.; Miranda, M.S.; Esteves Da Silva, ].C.G.;
Sousa Lobo, .M. Photodegradation of Avobenzone: Stabilization Effect of Antioxidants. J. Photochem. Photobiol. B 2014, 140, 36—40.
[CrossRef]

Candido, T.M.; Ariede, M.B.; Pinto, C.A.5.d.O.; Lima, EV.,; Magalhaes, W.V.; Pedro, N.M.E.; Padovani, G.; Sufi, B. da S,;
Rijo, P; Velasco, M.V.R; et al. Rosmarinic Acid Multifunctional Sunscreen: Comet Assay and In Vivo Establishment of Cutaneous
Attributes. Cosmetics 2022, 9, 141. [CrossRef]

Fadel, O.; El Kirat, K.; Morandat, S. The Natural Antioxidant Rosmarinic Acid Spontaneously Penetrates Membranes to Inhibit
Lipid Peroxidation in Situ. Biochim. Biophys. Acta Biomembr. 2011, 1808, 2973-2980. [CrossRef]

Pérez Fons, L.; Garzon, M.T.; Micol, V. Relationship between the Antioxidant Capacity and Effect of Rosemary (Rosmarinus
Officinalis L.) Polyphenols on Membrane Phospholipid Order. J. Agric. Food Chem. 2010, 58, 161-171. [CrossRef]

Falé, P.L.; Borges, C.; Madeira, P.J.A.; Ascensao, L.; Aratjo, M.E.M.; Floréncio, M.H.; Serralheiro, M.L.M. Rosmarinic Acid,
Scutellarein 4’-Methyl Ether 7-O-Glucuronide and (16S)-Coleon E Are the Main Compounds Responsible for the Antiacetyl-
cholinesterase and Antioxidant Activity in Herbal Tea of Plectranthus Barbatus (Falso Boldo). Food Chem. 2009, 114, 798-805.
[CrossRef]

Terto, M.V.C.; Gomes, ] M.; Aratjo, D.LA.F; Silva, T.S,; Ferreira, ] M.; Souza, ]J.J.N.; Silva, M.S.; Tavares, ].F. Photoprotective
Activity of Plectranthus Amboinicus Extracts and HPLC Quantification of Rosmarinic Acid. Rev. Bras. Farmacogn. 2020,
30, 183-188. [CrossRef]

Radice, M.; Manfredini, S.; Ziosi, P.; Dissette, V.; Buso, P,; Fallacara, A.; Vertuani, S. Herbal Extracts, Lichens and Biomolecules as
Natural Photo-Protection Alternatives to Synthetic UV Filters. A Systematic Review. Fitoterapia 2016, 114, 144-162. [CrossRef]
[PubMed]

Pérez-Sanchez, A.; Barrajon-Catalan, E.; Herranz-Lépez, M.; Castillo, J.; Micol, V. Lemon Balm Extract (Melissa Officinalis L.)
Promotes Melanogenesis and Prevents UVB-Induced Oxidative Stress and DNA Damage in a Skin Cell Model. J. Derm. Sci. 2016,
84,169-177. [CrossRef] [PubMed]

Oliveira, C.A.; Dario, M.E; Sarruf, ED.; Mariz, LEA.; Velasco, M.V.R.; Rosado, C.; Baby, A.R. Safety and Efficacy Evaluation of
Gelatin-Based Nanoparticles Associated with UV Filters. Colloids Surf. B Biointerfaces 2016, 140, 531-537. [CrossRef] [PubMed]
Velasco, M.V.R,; Balogh, T.S.; Pedriali, C.A.; Sarruf, ED.; Pinto, C.A.S.O.; Kaneko, T.M.; Baby, A.R. Associagao Da Rutina Com
P-Metoxicinamato de Octila e Benzofenona-3: Avaliacao In Vitro Da Eficacia Fotoprotetora Por Espectrofotometria de Refletancia.
Lat. Am. ]. Pharm. 2008, 27, 23-27.

Peres, D.D.; Ariede, M.B.; Candido, T.M.; Almeida, T.S.; Lourenco, ER.; Consiglieri, V.O.; Kaneko, TM.; Velasco, M.V,;
Baby, A.R. Quality by Design (QbD), Process Analytical Technology (PAT), and Design of Experiment Applied to the De-
velopment of Multifunctional Sunscreens. Drug Dev. Ind. Pharm. 2017, 43, 246-256. [CrossRef]

Céndido, T.M.; Ariede, M.B.; Pinto, C.A.S.d.O.; Lourengo, ER.; Rosado, C.; Velasco, M.V.R.; Baby, A.R. Prospecting In Vitro
Antioxidant and Photoprotective Properties of Rosmarinic Acid in a Sunscreen System Developed by QbD Containing Octyl
P-Methoxycinnamate and Bemotrizinol. Cosmetics 2022, 9, 29. [CrossRef]

Pereira, M.; Pereira, N.; Rosado, C.; Oliveira, C.A.d.; Peres, D.A.; Aratjo, M.E.; Velasco, M.V.R,; Baby, A.R.; Mota, J.; Almeida,
T.S. Photostabilization of Sunscreens by Incorporation of Tea as the External Phase Fotoestabilizagao de Protectores Solares Por
Incorporacao de Chas Como Fase Externa. Biomed. Biopharm. Res. 2015, 12, 107-116.

Scalia, S.; Mezzena, M. Photostabilization Effect of Quercetin on the UV Filter Combination, Butyl Methoxydibenzoylmethane-
Octyl Methoxycinnamate. Photochem. Photobiol. 2010, 86, 273-278. [CrossRef]

ANVISA; Agéncia Nacional de Vigilancia Sanitaria. Resolu¢cao—RDC N° 30. de 01 de Junho de; 2012. Available online:
https:/ /bvsms.saude.gov.br/bvs/saudelegis/anvisa/2012 /rdc0030_01_06_2012.html (accessed on 8 November 2021).

Sarruf, ED.; Sauce, R.; Candido, T.M.; Oliveira, C.A.; Rosado, C.; Velasco, M.V.R,; Baby, A.R. Butyrospermum Parkii Butter
Increased the Photostability and in Vivo SPF of a Molded Sunscreen System. . Cosmet. Derm. 2020, 19, 3296-3301. [CrossRef]
[PubMed]

Ruscinc, N.; Morocho-Jacome, A L.; Martinez, R.M.; Magalhaes, W.V.; Escudeiro, C.C.; Giarolla, J.; Rosado, C.; Velasco, M.VR;
Baby, A.R. Vaccinium Myrtillus L. Extract Associated with Octocrylene, Bisoctrizole, and Titanium Dioxide: In Vitro and In Vivo
Tests to Evaluate Safety and Efficacy. J. Cosmet. Derm. 2022, 21, 4765-4774. [CrossRef] [PubMed]


http://doi.org/10.1016/j.jphotobiol.2015.04.007
http://www.ncbi.nlm.nih.gov/pubmed/25920069
http://doi.org/10.1016/j.ejps.2015.09.016
http://www.ncbi.nlm.nih.gov/pubmed/26428697
http://doi.org/10.1007/s10522-017-9715-7
http://www.ncbi.nlm.nih.gov/pubmed/28702744
http://doi.org/10.1080/10837450.2017.1340951
http://doi.org/10.1016/j.jphotobiol.2014.07.004
http://doi.org/10.3390/cosmetics9060141
http://doi.org/10.1016/j.bbamem.2011.08.011
http://doi.org/10.1021/jf9026487
http://doi.org/10.1016/j.foodchem.2008.10.015
http://doi.org/10.1007/s43450-020-00040-6
http://doi.org/10.1016/j.fitote.2016.09.003
http://www.ncbi.nlm.nih.gov/pubmed/27642040
http://doi.org/10.1016/j.jdermsci.2016.08.004
http://www.ncbi.nlm.nih.gov/pubmed/27528586
http://doi.org/10.1016/j.colsurfb.2015.11.031
http://www.ncbi.nlm.nih.gov/pubmed/26613861
http://doi.org/10.1080/03639045.2016.1236809
http://doi.org/10.3390/cosmetics9020029
http://doi.org/10.1111/j.1751-1097.2009.00655.x
https://bvsms.saude.gov.br/bvs/saudelegis/anvisa/2012/rdc0030_01_06_2012.html
http://doi.org/10.1111/jocd.13429
http://www.ncbi.nlm.nih.gov/pubmed/32385930
http://doi.org/10.1111/jocd.14779
http://www.ncbi.nlm.nih.gov/pubmed/35029052

Cosmetics 2023, 10, 11 8of8

34.

35.

36.

37.

38.

39.

40.

41.

42.
43.
44.

45.

Rosado, C.; Tokunaga, V.K.; Sauce, R.; de Oliveira, C.A.; Sarruf, ED.; Parise-Filho, R.; Mauricio, E.; de Almeida, T.S,;
Velasco, M.V.R,; Baby, A.R. Another Reason for Using Caffeine in Dermocosmetics: Sunscreen Adjuvant. Front. Physiol. 2019,
10, 519. [CrossRef]

Estanqueiro, M.; Conceigao, J.; Amaral, M.H.; Santos, D.; Silva, ].B.; Lobo, ].M.S. Characterization and Stability Studies of
Emulsion Systems Containing Pumice. Braz. J. Pharm. Sci. 2014, 50, 361-369. [CrossRef]

Lambers, H.; Piessens, S.; Bloem, A.; Pronk, H.; Finkel, P. Natural Skin Surface PH Is on Average below 5, Which Is Beneficial for
Its Resident Flora. Int. J. Cosmet. Sci. 2006, 28, 359-370. [CrossRef]

Food and Drug Administration 21 CFR Parts 201 and 310. Labeling and Effectiveness Testing; Sunscreens Drug Products for
over-the-Counter Human Use. Available online: https:/ /www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfCFR/CFRSearch.cfm?
fr=201.310 (accessed on 8 November 2021).

Young, A.R.; Claveau, J.; Rossi, A.B. Ultraviolet Radiation and the Skin: Photobiology and Sunscreen Photoprotection. J. Am.
Acad. Derm. 2017, 76, S100-5109. [CrossRef]

COLIPA In Vitro UV Protection Method Task Force. In Vitro Method for the In Vitro Determination of UVA Protection Factor and
“Critical Wavelength” Values of Sunscreen Products. Available online: http://www.colipa.com (accessed on 8 November 2021).
Tomazelli, L.C.; de Assis Ramos, M.M.; Sauce, R.; Candido, T.M.; Sarruf, ED.; de Oliveira Pinto, C.A.S.; de Oliveira, C.A.;
Rosado, C.; Velasco, M.V.R.; Baby, A.R. SPF Enhancement Provided by Rutin in a Multifunctional Sunscreen. Int. J. Pharm. 2018,
552, 401-406. [CrossRef]

Daher, C.C.; Fontes, L.S.; De Oliveira Rodrigues, R.; Azevedo De Brito Damasceno, G.; Dos Santos Soares, D.; Flavio Soares
Aragao, C.; Paula Barreto Gomes, A.; Ferrari, M. Development of O/W Emulsions Containing Euterpe Oleracea Extract and
Evaluation of Photoprotective Efficacy. Braz. J. Pharm. Sci. 2014, 50, 639-652. [CrossRef]

Kullavanijaya, P.; Lim, H.-W. Photoprotection. J. Am. Acad. Derm. 2005, 52, 937-958. [CrossRef]

Torres, A.E.; Luk, KM.; Lim, H.-W. Botanicals for Photoprotection. Plast. Aesthet. Res. 2020, 7, 57. [CrossRef]

Sanchez-Campillo, M.; Gabaldon, J.A.; Castillo, ].; Benavente-Garcia, O.; Del Bafio, M.J.; Alcaraz, M.; Vicente, V.; Alvarez, N;
Lozano, J.A. Rosmarinic Acid, a Photo-Protective Agent against UV and Other Ionizing Radiations. Food Chem. Toxicol. 2009,
47,386-392. [CrossRef] [PubMed]

Nicolai, M.; Mota, J.; Fernandes, A.S.; Pereira, F; Pereira, P; Reis, C.P.; Velasco, M.V.R,; Baby, A.R.; Rosado, C.; Rijo, P. Assessment
of the Potential Skin Application of Plectranthus Ecklonii Benth. Pharmaceuticals 2020, 13, 120. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.3389/fphys.2019.00519
http://doi.org/10.1590/S1984-82502014000200016
http://doi.org/10.1111/j.1467-2494.2006.00344.x
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfCFR/CFRSearch.cfm?fr=201.310
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfCFR/CFRSearch.cfm?fr=201.310
http://doi.org/10.1016/j.jaad.2016.09.038
http://www.colipa.com
http://doi.org/10.1016/j.ijpharm.2018.10.015
http://doi.org/10.1590/S1984-82502014000300024
http://doi.org/10.1016/j.jaad.2004.07.063
http://doi.org/10.20517/2347-9264.2020.87
http://doi.org/10.1016/j.fct.2008.11.026
http://www.ncbi.nlm.nih.gov/pubmed/19084569
http://doi.org/10.3390/ph13060120
http://www.ncbi.nlm.nih.gov/pubmed/32532114

	Introduction 
	Materials and Methods 
	Samples 
	In Vitro Photoprotective Efficacy and Photostability Assay 
	In Vivo Sun Protection Factor (SPF) 
	Statistical Analyses 

	Results and Discussion 
	Conclusions 
	References

