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ABSTRACT 
 

 
CÂNDIDO, T.M. Development, safety and efficacy of sunscreen systems 

composed of rosmarinic acid, bemotrizinol and octyl p-methoxycinnamate. 

2023. 53 f. Thesis (PhD) – Faculty of Pharmaceutical Sciences, University of São 

Paulo, São Paulo, 2023. 

 

Progressively growing diagnoses of skin cancer trigger public and public health 
concerns about excessive sun exposure, awareness of the deleterious effects of 
ultraviolet (UV) radiation on the skin, and the proper use of sunscreens. Studies show 
that bioactive molecules, with special attention to phenolic compounds, such as 
rosmarinic acid (RA), may act to potentiate the photoprotective and antioxidant activity 
of cosmetic formulations. Through the review paper in Article 1, it is shown that, due 
to the range of methodologies available to verify skin conditions, it was possible to 
prove the effects of supplementation on the skin. A study involving supplementation 
with rosmarinic acid demonstrated its effects in protecting the skin against UVB rays, 
increasing skin elasticity and decreasing the depth of wrinkles; results attributed to the 
antioxidant properties of this molecule. Regarding the topical use of rosmarinic acid, 
the concepts of quality by design (QbD) were successfully used to design the 
formulations. From the results of the sun protection factor (SPF) and antioxidant 
activity, in vitro, prediction equations involving rosmarinic acid, bemotrizinol and octyl 
p-methoxycinnamate were obtained. It was verified that the presence of rosmarinic 
acid increased the antioxidant activity of the formulations, while decreasing the SPF. 
An increase in the photostability of the formulation containing the two sunscreens was 
also observed for the rosmarinic acid. Four samples were chosen for the assessment 
of comet assay and skin biocompatibility. Also, the evaluation of anti-inflammatory 
activity in vivo using laser doppler flowmetry was performed. Through comet assay, all 
samples protected DNA fragmentation, however, we did not attribute this finding to the 
presence of rosmarinic acid exclusively. By the in vivo tests, none of the formulations 
caused an alteration of the pH value of the skin surface or an increase in redness. All 
formulations provided increase in skin hydration after 30 minutes of application. 
However, only the formulations without rosmarinic acid provided increase in skin 
hydration after 7 days of application. An increase in transepidermal water loss (TEWL) 
was observed for F1, F2 and F4. We may conclude that both results (skin hydration 
and TEWL) were related to the composition of the vehicle containing or not the RA. In 
respect of the in vivo evaluation of anti-inflammatory efficacy, no decreases were 
observed in the inflammatory reaction caused by ethyl nicotinate, however, the sample 
containing rosmarinic acid presented an increase in the tangent value. In view of the 
specialized literature and our results, we may suggest that new in vivo tests should be 
carried out, with modifications in the protocol of application of the samples on the skin 
and even the investigation of other vehicles for the active ingredients. 
 

 

 
Keywords: rosmarinic acid, QbD, antioxidant activity, photoprotection.  
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RESUMO 
 
CÂNDIDO, T.M. Desenvolvimento, segurança e eficácia de sistemas 

fotoprotetores compostos por ácido rosmarínico, bemotrizinol e p-

metoxicinamato de octila. 2023. 53 f. Tese (Doutorado) – Faculdade de Ciências 

Farmacêuticas, Universidade de São Paulo, São Paulo, 2023. 

 
Os diagnósticos de câncer de pele, em crescimento progressivo, desencadeiam a 
preocupação da população e órgãos públicos de saúde com o excesso da exposição 
solar, conscientização dos efeitos deletérios da radiação ultravioleta (UV) na pele e 
com uso devido de protetores solares. Estudos revelam que moléculas bioativas, com 
especial atenção aos compostos fenólicos, como o ácido rosmarínico, podem atuar 
potencializando a atividade fotoprotetora e antioxidante de formulações cosméticas. 
Por meio do artigo de revisão (Artigo 1), mostra-se que, devido à variedade de 
métodos disponíveis para verificar as condições da pele, foi possível comprovar os 
efeitos da suplementação na pele. Um estudo envolvendo a suplementação com ácido 
rosmarínico demonstrou seus efeitos na proteção da pele contra os raios UVB, 
aumentando a elasticidade da pele e diminuindo a profundidade das rugas; resultados 
atribuídos às propriedades antioxidantes desta molécula. Em relação ao uso tópico do 
ácido rosmarínico, os conceitos de qualidade por design (QbD) foram usados com 
sucesso para projetar as formulações. A partir dos resultados do fator de proteção 
solar (FPS) e atividade antioxidante, in vitro, foram obtidas equações de predição 
envolvendo ácido rosmarínico, bemotrizinol e p-metoxicinamato de octila. Verificou-se 
que a presença do ácido rosmarínico aumentou a atividade antioxidante das 
formulações, enquanto diminuiu o FPS. Um aumento na fotoestabilidade da 
formulação contendo os dois protetores solares também foi observado para o ácido 
rosmarínico. Quatro amostras foram escolhidas para a avaliação do ensaio cometa e 
biocompatibilidade da pele. Além disso, foi realizada a avaliação da atividade anti-
inflamatória in vivo por meio de fluxometria a laser doppler. Através do ensaio cometa, 
todas as amostras protegeram a fragmentação do DNA, porém, não atribuímos esse 
achado à presença exclusiva do ácido rosmarínico. Pelos testes in vivo, nenhuma das 
formulações causou alteração do valor do pH da superfície da pele ou aumento da 
vermelhidão. Todas as formulações proporcionaram aumento na hidratação da pele 
após 30 minutos de aplicação. Porém, apenas as formulações sem ácido rosmarínico 
proporcionaram aumento na hidratação da pele após 7 dias de aplicação. Um 
aumento na perda de água transepidérmica (TEWL) foi observado para F1, F2 e F4. 
Podemos concluir que ambos os resultados (hidratação da pele e TEWL) estiveram 
relacionados com a composição do veículo contendo ou não o AR. Com relação à 
avaliação in vivo da eficácia anti-inflamatória, não foram observadas reduções na 
reação inflamatória causada pelo nicotinato de etila, porém, a amostra contendo ácido 
rosmarínico apresentou aumento no valor da tangente. Diante da literatura 
especializada e de nossos resultados, podemos sugerir que novos testes in vivo sejam 
realizados, com modificações no protocolo de aplicação das amostras na pele e até 
mesmo a investigação de outros veículos para os ingredientes ativos. 
 

Palavras-chave: ácido rosmarínico, QbD, atividade antioxidante, fotoproteção.  
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1.    INTRODUCTION 

 

The contact of the sun radiation with the skin is responsible for important 

benefits for humans, such as the feeling of well-being and comfort, improved sleep 

quality – since the perception of sunlight acts on the circadian rhythm; and in the 

synthesis of vitamin D – which plays an important role in the quality of bone structure. 

However, the occurrence of skin cancer cases reflects the concern with unprotected 

and unplanned sun exposure (BURNETT & WANG, 2011; MORABITO et al., 2011). 

 The sun emits an electromagnetic spectrum in the ultraviolet (UV) range, with 

wavelength between 100 and 400 nm. According to the wavelength, the spectrum of 

UV radiation is subdivided into three bands: UVA, UVB and UVC. UVA radiation is the 

one that has the longest wavelength, from 320 to 400 nm, and is an inducer of oxidative 

processes. Such radiation maintains its intensity practically constant throughout the 

day, being subdivided into UVA I (less erythematous and wavelength between 340 and 

400 nm) and UVA II (more erythematous and photosensitizing and wavelength 

between 320 and 340 nm). UVB is partially filtered by the ozone layer and has 

wavelength between 290 and 320 nm. This radiation is responsible for direct damage 

to the DNA molecule, erythema, stratum corneum thickening, melanogenesis and 

photoimmunosuppression. UVC rays have the shortest wavelength (100 to 290 nm), 

are carcinogenic and contain the peak absorption of pure DNA. This radiation is 

absorbed by the ozone layer. However, with its reduction, UVC radiation has been 

getting closer to the atmosphere, in the same way that UVB radiation has been 

showing a higher incidence. UVA radiation is the only one whose incidence does not 

depend on the ozone layer and, consequently, causes skin cancer in individuals who 

are continuously exposed to the sun radiation. In view of the damage caused by the 

incidence of solar radiation on the skin, the use of photoprotectors has become crucial 

in preventing and reducing the risk of skin cancer, whether melanoma or non-

melanoma (GASPARRO, 2000; FDA, 2007; ARAÚJO & SOUZA, 2008).  

 Concern about sun exposure has shown exponential growth due to the 

increasing number of skin cancer cases. In Brazil, skin cancer is the most frequent, 

according to data from the José Alencar Gomes da Silva National Cancer Institute 

(INCA) and its occurrence is closely related to unprotected sun exposure, either due 
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to the absence of adequate clothing or the non-application of photoprotective 

cosmetics (INCA, 2018). 

 Considering the damage caused by the incidence of solar radiation on the skin, 

the use of photoprotectors has become essential in preventing and reducing the risk 

of skin cancer (INCA, 2022). Photoprotective formulations are developed with the 

incorporation of a chemical (organic) filter or a physical (inorganic) one, and both may 

also be incorporated in the formulation. The chemical structure of organic filters makes 

it possible to absorb UV rays. UV radiation excites the chemical filter molecule that 

reaches a state of resonance, therefore, there is the conversion of high energy 

radiation into more innocuous radiation, as in the form of heat. Inorganic filters, such 

as titanium dioxide and zinc oxide, form a barrier on the skin that can reflect and 

disperse UV radiation (PALM & O’DONOGHUE, 2007; SEITÉ & FOURTANIER, 2008) 

 Hypersensitivity reactions can be related to the presence of organic filters in 

photoprotective formulations. In this way, the search for bioactive molecules that can 

act by absorbing UV radiation becomes interesting for the dermocosmetic market. The 

use of these molecules in association with already known and widely used UV filters 

may reflect the use of lower concentrations of those to obtain sun protection factor 

(SPF) values as high as when large concentrations of UV filter are used. Furthermore, 

it is known that bioactive molecules can provide dual activity to formulations, due to 

the antioxidant potential that some of them may have. In this category, we can mention 

rosmarinic acid (FERNANDO et al., 2016; SEITÉ & FOURTANIER, 2008; VELASCO 

et al., 2008). 

 Rosmarinic acid, (R)-1-carboxy-2-(3,4-dihydroxyphenyl) ethyl ester of 3,4-

dihydroxycinnamic acid), is an ester of caffeic and 3,4-dihydroxyphenylacetic acids, 

which can be found in plant species, mainly in rosemary (Rosmarinus officinalis). The 

molecular structure of the bioactive molecule is represented by Figure 1 (FERNANDO 

et al., 2016; LEE, KIM, & PARK, 2007). 

 

 

Figure 1 – Molecular structure of rosmarinic acid (C18H16O8). 
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 Rosmarinic acid has several biological activities, acting as an antiviral, antibiotic, 

anti-inflammatory and antioxidant molecule. Recent studies have shown that 

rosmarinic acid is able to delay vitamin E depletion, decrease the production of pro-

inflammatory lysophosphatidylcholine, and prevent LDL oxidation. Fernando et al., 

2016, even demonstrated that this phenolic acid was able to attenuate cellular damage 

against oxidative stress induced by UVB radiation by increasing the antioxidant effects 

on keratinocytes (FERNANDO et al., 2016; SÁNCHEZ-CAMPILLO et al., 2009). In 

view of the molecular structure of rosmarinic acid and its antioxidant properties, this 

molecule becomes a candidate in the development of multifunctional photoprotective 

formulations. 

Based on the above, the relevance of researching molecules is verified, 

especially those of plant origin, with properties that provide multifunctionality and that 

can act in the improvement of photoprotective cosmetic formulations. Furthermore, it 

is understood the need for the rational development of formulations that ensure 

representative statistical analises of the effects and interactions of the components of 

a formulation on the desired critical quality attributes. Thus, the use of rosmarinic acid 

in the development of photoprotective formulations is justified, as well as the 

investigation of their safety, photoprotective and antioxidant potential, skin 

biocompatibility and anti-inflammatory activity. 
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2. OBJECTIVES 

 

This research aimed to evaluate the use of rosmarinic acid in a sunscreen 

formulation optimized by QbD, in association with octyl p-methoxycinnamate and 

bemotrizinol. 

 

2.1. Specific objectives 

 

(i) Development and optimization of photoprotective formulations, containing 

two UV filters commonly used in the market and the bioactive compound 

(Article 2). 

(ii) Evaluation of the functional properties of the formulations through the 

analysis of in vitro photoprotective efficacy, photostability and antioxidant 

activity (Article 2). 

(iii) In vitro evaluation of DNA fragmentation from human cells exposed to UV 

radiation by the comet assay method (Article 3). 

(iv) Evaluation of the skin biocompatibility and anti-inflammatory activity of the 

formulations, in vivo (Article 3).



 
 

 
 

 

 

 

 

 

 

 

 

 

Publications
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3. PUBLICATIONS 

 

The Thesis was organized in accordance with three published papers, derived from 

this investigation work: 

• Article 1 (“Dietary supplements and the skin: focus on photoprotection and 

antioxidant activity”): a review of dietary supplements, also involving rosmarinic 

acid, and their effects on human skin, published at Nutrients (ISSN: 2072-

6643). 

• Article 2 (“Prospecting in vitro antioxidant and photoprotective properties of 

rosmarinic acid in a sunscreen system developed by QbD containing octyl p-

methoxycinnamate and bemotrizinol”): a full-length article about the influence of 

rosmarinic acid in the photoprotective and antioxidant activity of sunscreen 

formulations, in vitro, published at Cosmetics (ISSN: 2079-9284). 

• Article 3 (“Rosmarinic acid multifunctional sunscreen: comet assay and in vivo 

establishment of cutaneous attributes”): a full-length article about the safety and 

efficacy of multifunction prototype sunscreens containing rosmarinic acid, octyl 

p-methoxycinnamate and bemotrizinol, published at Cosmetics (ISSN: 2079-

9284). 
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Rosmarinic acid multifunctional sunscreen: comet assay and in vivo 
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Supplementary Material 

 

Table S1 - Qualitative and quantitative composition of formulations. 

 
 

Compounds 
Proportion (%w/w) 

F1 F2 F3 F4 

Oil Phase 

Bemotrizinol - - 10.0 10.0 

Octyl p-methoxycinnamate - - 7.5 7.5 

Simulgel® INS 100 (hydroxyethyl 

acrylate/sodium acryleoyldimethyl taurate 

copolymer; Isohexadecane; polysorbate 60) 

5.0 5.0 5.0 5.0 

Cocoate® BG (butylene glycol cocoate) 6.0 6.0 6.0 6.0 

Hostacerin® SAF (mineral oil, isopropyl 

palmitate, trilauret-4 phosphate, rapeseed oil 

sorbitol esters and ammonium 

acrylyldimethyltaurate copolymer) 

3.0 3.0 3.0 3.0 

Aqueous 

Phase 

Rosmarinic acid - 1.0 - 1.0 

Transcutol® (diethylene glycol monoethyl 

ether) 
2.5 2.5 2.5 2.5 

Glycerin 2.5 2.5 2.5 2.5 

Parabens + phenoxyethanol 0.5 0.5 0.5 0.5 

Disodium edetate 0.1 0.1 0.1 0.1 

Pemulen® TR-2 (copolymer of acrylates/C10-

30 alkyl acrylate) 
0.2 0.2 0.2 0.2 

Purified water 80.2 79.2 62.7 61.7 

Legend ( - ) = Compound not added 
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4. CONCLUSIONS 

 

Through the review paper in Article 1, it is shown that, due to the range 

of methods available to investigate the skin conditions, it was possible to prove 

the effects of supplementation on the cutaneous tissue. A study involving 

supplementation with rosmarinic acid demonstrated its effects in protecting the 

skin against UVB rays, increasing skin elasticity and decreasing the depth of 

wrinkles; results attributed to the antioxidant properties of this molecule.  

Regarding the topical use of rosmarinic acid, the concepts of QbD were 

successfully used to design the formulations and the process. From the results 

of the sun protection factor (SPF) and antioxidant activity, in vitro, prediction 

equations involving the variables rosmarinic acid, bemotrizinol and octyl p-

methoxycinnamate were obtained. Through the equations and the interference 

study performed, it was verified that rosmarinic acid increased the antioxidant 

activity of the formulations, while decreasing the SPF. An increase in the 

photostability of the formulation containing the two UV filters was also observed 

for the rosmarinic acid. As a perspective, in vivo SPF evaluation is suggested 

to confirm the action of rosmarinic acid in the formulation. 

Four samples were chosen for the assessment of comet assay and skin 

biocompatibility (stratum corneum hydration, transepidermal water loss, skin 

surface pH value and redness). Also, the evaluation of anti-inflamatory activity 

in vivo, using laser doppler flowmetry equipment, was performed. Through 

comet assay, all formulations protected DNA fragmentation, however, we did 

not attribute this finding to the presence of rosmarinic acid exclusively in the 

samples, since two of the formulations were absent from this phenolic 

compound. By the in vivo tests, none of the formulations caused an alteration 

of the pH value of the skin surface or an increase in redness, which were signs 

of skin compatibility. All formulations provided increase in skin hydration after 

30 minutes of application. However, only the formulations without rosmarinic 

acid (F1 and F3) provided increase in skin hydration after 7 days of application. 

An increase in TEWL was observed for F1, F2 and F4. We may conclude that 

both results (skin hydration and TEWL) were related to the composition of the 

vehicle containing or not the RA. In respect of the in vivo evaluation of anti-
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inflammatory efficacy, no decreases were observed in the inflammatory reaction 

caused by ethyl nicotinate with any of the evaluated samples. However, the 

formulation containing rosmarinic acid (F2) presented an increase in the tangent 

value, meaning that the response to the inflammatory reaction was faster than 

observed for the other formulations. 

In view of the specialized literature and our results, we may suggest that 

new in vivo tests should be carried out, with modifications in the protocol of 

application of the samples on the skin and even the investigation of other 

vehicles for the active ingredients. 
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