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Abstract

:

Topical application is an important administration route for drugs requiring local action on the skin, thereby avoiding their systemic absorption and adverse side effects. Rosmarinus officinalis L. (syn. Salvia rosmarinus Spenn.), popularly known as rosemary, is an aromatic plant with needle-like leaves belonging to the Lamiaceae family. Rosemary has therapeutic properties and has been used in the folk medicine, pharmaceutical, and cosmetics industries, mainly for its antioxidant and anti-inflammatory properties, which are attributed to the presence of carnosol/carnosic and ursolic acids. The therapeutic use of rosemary has been explored for the treatment of inflammatory diseases; however, other uses have been studied, such as wound healing and skin cancer and mycoses treatments, among others. Besides it therapeutic uses, rosemary has potential applications in cosmetic formulations and in the treatment of pathological and non-pathological conditions, such as cellulite, alopecia, ultraviolet damage, and aging. This review aims to critically discuss the topical applications of rosemary found in the literature while also offering relevant information for the development of topical formulations of its bioactive compounds.
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1. Introduction


The use of herbal drugs to treat a broad spectrum of diseases and/or to modify non-pathological states [1,2,3,4] has increased worldwide. It is known that the secondary metabolites of plants have therapeutic effects; many have been used in the treatment of different diseases, such as obesity [5] and brain [6] and skin diseases [7] as well as in the treatment of non-pathological states, such as aging [8].



Rosmarinus officinalis L., commonly known as rosemary, belongs to the Lamiaceae family. The genus Rosmarinus has been merged into the genus Salvia in a recent phylogenetic analysis. This means that the Rosmarinus officinalis is no longer the correct name of the species studied. Since the name Salvia officinalis was already occupied when the merger was done, this species needed a new specific epithet in Salvia, so it is now known under the name Salvia Rosmarinus [9,10,11]. It is an aromatic plant with needle-like leaves that is cultivated worldwide. Rosemary has therapeutic properties and has been used in folk medicine as an oral preparation to relieve renal colic, dysmenorrhea, and muscle spasms [12,13,14]. Rosemary has antifungal, antiviral, antibacterial, anti-inflammatory, antitumor, antithrombotic, antinociceptive, antidepressant, antiulcerogenic, and antioxidant activities [13,14,15]. Several medicinal applications for R. officinalis have been identified, such as treatment of disorders associated with the nervous, cardiovascular, gastrointestinal, genitourinary, menstrual, hepatic, and reproductive systems and with respiratory and skin conditions [13]. Owing to its diverse properties, rosemary has also been used widely in the food and cosmetics industries [16].



Many biomolecules have been identified to be responsible for the biological effects of rosemary essential oil and crude extract. However, specific compounds causing these effects have rarely been identified; this is due to the synergistic actions of several metabolites present in rosemary [17]. Therefore, it is difficult to associate a therapeutic or cosmetic activity with an isolated biomolecule. del Baño et al. characterized the distribution of rosemary flavonoids (eriocitrin, luteolin 3’-O-β-D-glucuronide, hesperidin, diosmin, isoscutellarein 7-O-glucoside, hispidulin 7-O-glucoside, and genkwanin) in the leaves, flowers, roots, and stems during different stages of the plant’s growth [18]. It was also reported a high concentration of flavonoids, polyphenols, and terpenes in R. officinalis leaves [19]. Rosemary contains an abundance of secondary metabolites, and their identification by ultra- and high-performance liquid chromatography and gas chromatography has revealed high contents of profile phenolic compounds (diterpenoids and flavonoids) and volatile compounds [20,21].



The biological activities of secondary metabolites and extracts of R. officinalis were reported in studies investigating various effects such as its antitumor, antioxidant, anti-infectious, anti-inflammatory, and analgesic activities and effects on the central nervous system, endocrine system, disorders such as cardiac remodeling after myocardial infarction, body weight changes, dyslipidemia, cerebral ischemia, hepato-nephrotoxicity, stress, and anxiety [22,23]. The anti-inflammatory activity of rosemary has been attributed to the presence of carnosol and carnosic, rosmarinic, ursolic, oleanolic, and micromeric acids, which act synergistically [24,25,26]. Specifically, the anti-inflammatory effect was also attributed to the synergic effects of ursolic and micromeric acids present in rosemary extract. The attribution of anti-inflammatory effects of the R. officinalis extract was due to the presence of ursolic, oleanolic, and micromeric acid acting in combination [24].



The skin is the largest organ in the human body; sensation, regulation, and protection are among its most critical functions [27]. To enhance the permeation of bioactive compounds through the skin, many approaches have been proposed. Of these approaches, nanocarriers including nanoemulsions, lipid nanoparticles, and liposomes have become popular owing to their lipid composition, enhanced biocompatibility, and biodegradability [28,29,30,31,32]. The release profile of the loaded bioactive compound can be modulated by altering the physicochemical composition of the nanocarrier matrix [33].



The aim of this review was to survey the publications related to the topical applications of rosemary and to discuss the formulations available for the delivery of the secondary metabolites of R. officinalis.




2. Methods


The Web of Science, Google Scholar, and SciELO databases were selected for research on the topical uses of rosemary, using “Rosmarinus officinalis” and “rosemary” as keywords. The authors are aware of the nomenclature update; however, literature still shows Rosmarinus officinalis as the main name for rosemary.




3. Pharmaceutical Activities


Rosemary (Table 1) has attracted attention because it contains secondary metabolites with therapeutic potential, such as carnosol and carnosic, rosmarinic, ursolic, oleanolic, and micromeric acids (Figure 1). These compounds have been applied topically and studied for their anti-inflammatory capacity, wound-healing potential, effects on tissue survival, anti-skin-cancer effects, antinociceptive effects, antifungal effects, and UV-protective activity. The triterpenes ursolic, oleanolic, and micromeric acids exhibit the strongest anti-inflammatory activity of all the secondary metabolites [24]. In addition to the gross extracts, it is possible to use rosemary essential oil for topical applications [32]. The major constituents of the oil are β-pinene, 1, 8-cineole, borneol, camphor, limonene, and verbenone [34].



3.1. Anti-inflammatory Activity


The inflammatory activity of R. officinalis extract is attributed to the presence of carnosol and carnosic acid [53] and of ursolic, oleanolic, and micromeric acids [24].



The bioactive compound carnosic acid was reported to be a potent nitric oxide (NO) inhibitor; NO is a pro-inflammatory mediator that induces or enhances the inflammatory process [35]. Low concentrations of this metabolite (6.2 μg/mL) inhibited NO by approximately 72%, whereas complete inhibition was reported at concentrations of >12.5 μg/mL [36]. Using the 2,2-diphenyl-1-picryl-hydrazyl-hydrate (DPPH) assay, the R. officinalis extract was shown to possess strong antioxidant activity, supporting its potential as an anti-inflammatory agent. The extract also exhibited antiplatelet activity, which is instrumental for the improvement of microcirculation. The maximum platelet inhibition occurred at a carnosic acid concentration of 31 μg/mL [36].



Mice with atopic dermatitis that were topically treated with carnosol showed a significant reduction in skin lesions compared with the control animals [26]. Atopic dermatitis is a chronic inflammation of the skin characterized by the presence of eczematous and pruritic lesions related to several factors, such as inflammatory cells, cytokines, and enzymes (e.g., STAT3, iNOS, and COX-2) [37]. The lymph node weight and size were significantly increased, which is associated with a high immunoglobulin E production [38]. Carnosol was able to reduce the amounts of immunoglobulin E, neutrophils, and inflammatory cytokines (TNF-α and IL-1β) in the blood of mice. Histological sections of the ear and dorsum showed that the skin of the animals treated with carnosol was thinner and showed less infiltration of inflammatory cells and fewer mast cells compared with that of mice in the control group. Carnosol was able to reduce the expression of the enzymes iNOS and COX-2. Although it did not affect the expression of STAT3, the metabolite was able to inhibit the activity of this enzyme in in vitro assays; different concentrations of carnosol (1.2 and 5 μM) reduced NO production in LPS-treated RAW 264.7 cells [26].



R. officinalis did not show significant anti-inflammatory effects in induced dermatitis. In a study, the effect of extracts of marigold and rosemary on irritant contact dermatitis induced by sodium lauryl sulfate was evaluated in healthy human volunteers. Both extracts were incorporated into the base cream DAC (Deutscher Arzneimittel Codex = German Pharmaceutical Codex) at a 5% concentration. The effect of this formulation on irritant contact dermatitis was evaluated visually using bioengineering methods (e.g., chromametry and tewametry). These extracts were shown to have no anti-inflammatory effect on existing dermatitis; however, when applied simultaneously with the irritant, the inflammatory process was reduced, indicating that they exerted a protective effect against the development of induced dermatitis [54].



Evaluation of the topical anti-inflammatory effects of the extracts of rosemary leaves prepared with solvents of increasing polarity in vivo was performed using the croton oil-induced ear edema test. The extract obtained with n-hexane and chloroform exhibited important dose-dependent anti-inflammatory activity, whereas that obtained with methanol had a weak anti-inflammatory effect. The extracts obtained with chloroform ((ID50 = 83 μg/cm2) and n-hexane (ID50 = 265 μg/cm2) showed an anti-inflammatory activity similar to that of indomethacin (ID50 = 93 μg/cm2) (used as reference, with a discrete effect) [24].




3.2. Skin Cancer


The effects of R. officinalis hydroalcoholic extract were tested on human melanoma A375 cells; the extract resulted in a dose-dependent reduction of human melanoma cell proliferation. Mutations in melanocytes are attributed to the excessive exposure of the skin to sunlight and induce the development of melanomas [55,56,57]. The cell cycle proliferation was inhibited in vitro because of the cytotoxic and cytostatic activity of the hydroalcoholic extract [39]. When a mouse model of skin cancer induced by 7,12-dimethylbenz[a]anthracene was treated with a 500 or 1000 mg/kg oral dose of R. officinalis hydroalcoholic extract for a period of 15 days, it led to a decrease in the number, diameter, weight, and incidence of tumors and an increase in the latency period [40].



Rosmarinic acid was shown to exhibit chemopreventive activity against 7,12-dimethylbenz[a]anthracene-induced skin cancer; this was attributed to its anti-lipid peroxidation potential and its ability to modulate the detoxification cascade and expression patterns of p53, bcl-2, caspase-3, and caspase-9 [41]. Carnosic acid was shown to have an important protective role against melanoma. This secondary metabolite inhibited the proliferation and adhesion of B16F10 melanoma cells in a dose-dependent manner through the inhibition of the expression of cell migration markers (MMP-9, TIMP-1, uPA, and VCAM-1) and phosphorylation of signaling molecules (Akt, FAK, and Sr) [42].




3.3. Wound Healing


Healing is a complex dynamic process that results in the restoration of the anatomical barriers of the skin that may have been compromised by diseases or burns [58]. Diabetes was induced in male BALB/c mice by the intraperitoneal injection of alloxan [1]. After confirmation of hyperglycemia, incisions that were 4 mm in diameter were made on the backs of the mice and the mice were allocated to one of four treatments: control: vehicle, aqueous extract, and essential oil. The male BALB/c mice in the essential oil group showed healing, angiogenesis, and improvements in granulation tissue at several stages compared with those in the aqueous extract group [1]. Another study using diabetic rats topically treated with oil extracted from R. officinalis reported accelerated wound healing in both diabetic and nondiabetic animals [43].



Another study that explored the healing potential of rosemary was performed on 63 Wistar rats allocated to one of three treatments: control; 2% R. officinalis cream; and 4% R. officinalis cream. Wounds were made on each rat, and a solution containing Candida albicans was applied onto these wounds. The results showed that wound healing in the 4% R. officinalis cream group was faster than that in the other groups [44].




3.4. Skin Flap Survival


Skin flaps are used in the reconstruction of soft tissues and large wound defects. This technique has been employed in plastic surgery, and its efficacy is dependent on the location of the wound and extent of the defect [59,60].



One study compared animals allocated to three treatment groups: group I (control, the tissue was cleaned only with saline solution); group II (application of the essential oil on the tissue twice per day for 1 week following skin evaluation); and group III (application of rosemary oil before and after evaluation and at the end of the week, 30 min before the surgery). The survival rates were 29%, 59%, and 67% for groups I, II, and III, respectively. Compared with the control (group I), tissue necrosis was significantly lower and tissue viability was significantly higher in groups II and III. Topical application of the oil in the week before the surgery increased the tissue survival rate (higher in group III than in group II). The study reported antioxidant, anti-inflammatory, and vasodilatory activities of the oil as factors for the increased tissue survival [45].




3.5. Transdermal Effects


Transdermal drug delivery means that the drug is able to reach systemic circulation when administered topically. Drugs can penetrate the skin through three different pathways: transappendageal (when the drug permeates through hair follicles and through sweat and sebaceous glands); paracellular (when the drug passes through the intercellular space); and transcellular (when the drug passes through cells) [61]. The antinociceptive effects of the essential oil extracted from R. officinalis were analyzed following the incorporation of three concentrations (0.1%, 0.5%, and 1%) of the essential oil in a 1% diclofenac sodium gel. Two in vivo tests, the tail flick tests and formalin test, were performed to compare the antinociceptive effects of the gel base (control), gel with 1% diclofenac, and gel with 1% diclofenac plus 0.1%, 0.5%, and 1% rosemary oil. In both the in vivo assays, the 0.1% and 0.5% concentrations resulted in no significant antinociceptive effects whereas the essential oil concentration of 1% (in the diclofenac sodium gel) resulted in a reduction in pain. The study demonstrated that the essential oil is rich in monoterpenoids, especially 1,8-cineole, which are capable of promoting cutaneous absorption [46].




3.6. Antifungal Treatment


Dermatophytes are the most common agents causing topical mycoses [62]. The World Health Organization estimates that 20% of the global population is affected by dermatomycoses [63]; the prevalence of these diseases tends to increase with age and is dependent on the climate and location [64]. R. officinalis was reported to be active against dermatophytes in vivo [22].



The antifungal activity of rosemary essential oil was tested against Candida albicans, Candida dubliniensis, Candida parapsilosis, and Candida krusei [47]. Such dermatophytes are the most common agents causing topical mycoses [62]. It was found that an oil concentration of 8% was capable of inhibiting the growth of Candida sp. A similar study evaluated the effect of R. officinalis hydroalcoholic extract against two dermatophytes, Microsporum gypseum and Trichophyton rubrum, and showed that a concentration of 10% R. officinalis extract was responsible for 86% inhibition of fungal growth [48].





4. Cosmetic Properties


4.1. Ginoid Lipodystrophy (GLD, Cellulite)


Most postadolescent women have cellulite [65,66]. Cellulite is manifested by topographic disorders of subcutaneous tissue, such as nodules, edema, and abnormal fibrosis [67].



It is believed that gynoid lipodystrophy (GLD) is a chronic inflammatory process in which adipocyte malfunction causes a higher content of altered lipids to be retained. This increases the cellular volume and compromises blood circulation and the normal physiological state of pregnancy, after which the mother retains a higher content of lipids to guarantee caloric reserves [68].



A cream with extracts of three plants (Zanthoxylum clava-herculis (containing magnoflorine and laurifoline), Annona squamosa (containing squamosin and kaurenoic acid), and Rosmarinus officinalis (containing carnosic acid)) was examined for its effects on cellulite in a single-blind, randomized controlled study of 44 women between 18 and 59 years or age with mild-to-severe cellulite. The formulation led to an improvement in the appearance of the cellulite [36].




4.2. Alopecia


Alopecia is characterized by the loss of some or all hair and is classified as a chronic dermatological disorder [69]. The prevalence of alopecia has increased owing to stress and diet-related factors [70]. Excess testosterone in the blood capillaries is significantly associated with this condition; as such, antiandrogenic agents have been reported to reduce hair loss [49].



C57BL/6 mice with testosterone-induced alopecia were treated topically with hydroalcoholic extracts of rosemary (2 mg/day/animal) and showed a significant increase in hair growth after the 16th day of treatment compared with those in the control [49]. A hydroalcoholic extract was tested in vitro for the evaluation of 5αR enzyme activity and showed strong inhibition of the binding of dihydrotestosterone (DHT) to its receptor. An in vitro assay in human prostate LNCaP cells indicated that 12-methoxy-sarcosalic acid had a key role in the inhibition of the 5αR enzyme and DHT/receptor binding [49].




4.3. Antiaging


Aging is a skin process that occurs owing to intrinsic and extrinsic factors. Intrinsic factors act at the cellular level, whereas extrinsic factors are governed by human behavior, such as chronic exposure to the sun, poor nutrition, smoking, and excessive alcohol consumption [71]. These internal and external agents lead to the production of reactive oxygen species (ROS) [72]; when ROS levels exceed the cell’s neutralization capacity, damage to cell constituents occurs, ultimately leading to cell death [73].



A new compound was isolated from the hydrophilic fraction of an aqueous methanol extract and was named Rosm1. This biomolecule had a strong antioxidant capacity to neutralize ROS, similar to vitamin E, and was able to inhibit free radical-mediated reactions in vivo and in vitro, protecting lipids and cell constituents from oxidative stress [8].



Lipid nanoparticles have been used to increase the cutaneous permeation of drugs [74,75]. These nanoparticles were loaded with R. officinalis essential oil incorporated into a gel and an in vivo test was performed to assess the moisturizing ability of this formulation and any increase in elasticity. The gel containing nanoparticles loaded with rosemary oil showed a greater capacity to hydrate and increase of the elasticity of skin compared with the gel containing free essential oil [50].



Rosmarinic acid was encapsulated within chitosan microparticles. The release profile of the loaded particles was studied in two distinct media: water and coconut oil. A slower release profile observed in coconut oil was attributed to the lower solubility of the chitosan particles [76].



R. officinalis extract has strong antioxidant activity, which is mainly attributed to its phenolic compounds. Antioxidant activity is generally attributed to free radical scavenging, but secondary metabolites may play a biological role in the regulation of apoptosis, cell signal transduction, and xenobiotic metabolism in the liver [77].




4.4. Ultraviolet (UV) Protection


UVA radiation induces the production of ROS, and UVB is absorbed by molecules such as DNA and proteins, subsequently damaging the cells [78,79,80].



Rosemary extract was tested alone and in combination with citrus extract obtained from grapefruit in vivo and in vitro for its protective effects against UV irradiation [4]. In the in vitro cell viability measurement using the MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl tetrazolium bromide)assay, keratinocytes (HaCaT cells) were treated with the extracts separately and in combination. Then, the cells were exposed to UV radiation at intensities of 800 and 1200 J/m2. Both extracts increased the viability of the keratinocytes. The effects of a 1:1 mixture of citrus extract and rosemary extract was tested on cells exposed to UV radiation; this mixture showed superior effects on the increase of cell viability compared to those of either extract alone, indicating that the polyphenolic compounds of each extract have different targets for cell protection [4].



When irradiated with UV at a dose of 800 J/m2, the citrus and rosemary extracts (50 µg/mL each) showed 40% and 13% protection against UV light, respectively. When combined (100 µg/mL), 70% protection was observed. The synergistic effect was even greater when 1200 J/m2 of radiation was used. The extracts also had the ability to decrease the formation of free radicals during UV exposure. The study also showed that, when used in combination, the extracts were able to protect DNA from damage caused by the formation of free radicals. Oral administration of the combined citrus and R. officinalis extracts over the course of 8 weeks increased the UV dose required to induce erythema in the skin [4].



When the skin is injured by sun exposure, there is a decrease in type I collagen synthesis and excessive degradation by enzymes called metalloproteinases (MMPs). It was demonstrated that rosemary extract inhibits UV-induced metalloproteinase-1, indicating that it may reduce the skin damage caused by sunlight [51].





5. Other Studies


The impact of rosmarinic, ursolic, and oleanolic acids on the stability of multiple water/oil/water (W/O/W) emulsions has been studied. These acids did not have any effect on the interfacial tension when used as surfactants but were able to improve the stability of these emulsions for a short period of time. The authors concluded that rosemary extract contained active compounds with cosmetic potential owing to their various biological activities but that they could also be used as stabilizers, and favored the formation of W/O/W emulsions [52].




6. Conclusions and Future Perspectives


Rosemary extract contains a large variety of bioactive molecules with great therapeutic potential. These include triterpenes (e.g., ursolic and oleanolic acid), tricyclic diterpenes (e.g., carnosic acid and carnosol), phenolic acids (e.g., caffeic acid and rosmarinic acid), and essential oils. These secondary metabolites have been formulated in topical dosages. Topical administration strategies avoid first-pass metabolism, releasing the drug at the site of action and resulting in a lower risk of side effects. This strategy can be applied to improve the properties of cosmetic products (e.g., those that combat UV exposure, aging, and cellulite), owing to the anti-inflammatory activity and free radical-scavenging effects of Rosmarinus officinalis.



The use of nanoparticles in the development of new products for topical administration should be explored further, as they result in the more effective delivery of molecules to their site of action and increase treatment adherence. According to the published literature, rosemary has anti-inflammatory, antimicrobial, and antioxidant properties, which have been extensively reported in oral formulations (e.g., toothpaste or formulations to treat infections). The development of new formulations containing rosemary extracts should be encouraged, as their promise as topical agents is well established.







Author Contributions


L.M.d.M. wrote the review with help from L.M., and É.M.d.S., L.L.T., J.A.A., E.B.S., and P.G.M. reviewed the text. E.B.S. and P.G.M. helped to structure the review. All authors read and approved the final manuscript.




Funding


This study was financed in part by the Coordenação de Aperfeiçoamento de Pessoal de Nível Superior—Brasil (CAPES)—Finance Code 001. Eliana B. Souto acknowledges the financial support received from Portuguese Science and Technology Foundation (FCT/MCT) and from European Funds (PRODER/COMPETE) forunder the projects reference M-ERA-NET/0004/2015-PAIRED and and UIDB/04469/2020 (strategic fund), co-financed by FEDER, under the Partnership Agreement PT2020.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Abu-Al-Basal, M.A. Healing potential of Rosmarinus officinalis L. on full-thickness excision cutaneous wounds in alloxan-induced-diabetic BALB/c mice. J. Ethnopharmacol. 2010, 131, 443–450. [Google Scholar] [CrossRef]

	



Palombo, E.A. Traditional Medicinal Plant Extracts and Natural Products with Activity against Oral Bacteria: Potential Application in the Prevention and Treatment of Oral Diseases. Evid. Based Complementary Altern. Med. 2011, 2011, 680354. [Google Scholar] [CrossRef] [PubMed]

	



Pazyar, N.; Yaghoobi, R.; Rafiee, E.; Mehrabian, A.; Feily, A. Skin wound healing and phytomedicine: A review. Ski. Pharmacol. Physiol. 2014, 27, 303–310. [Google Scholar] [CrossRef] [PubMed]

	



Pérez-Sánchez, A.; Barrajón-Catalán, E.; Caturla, N.; Castillo, J.; Benavente-García, O.; Alcaraz, M.; Micol, V. Protective effects of citrus and rosemary extracts on UV-induced damage in skin cell model and human volunteers. J. Photochem. Photobiol. B Biol. 2014, 136, 12–18. [Google Scholar] [CrossRef] [PubMed]

	



De Freitas Junior, L.M.; de Almeida, E.B., Jr. Medicinal plants for the treatment of obesity: Ethnopharmacological approach and chemical and biological studies. Am. J. Transl. Res. 2017, 9, 2050–2064. [Google Scholar]

	



Seo, E.J.; Fischer, N.; Efferth, T. Phytochemicals as inhibitors of NF-kappaB for treatment of Alzheimer’s disease. Pharmacol. Res. 2018, 129, 262–273. [Google Scholar] [CrossRef] [PubMed]

	



Ariffin, N.H.M.; Hasham, R. Potential dermatological application on Asian plants. Biotechnol. Bioprocess Eng. 2016, 21, 337–354. [Google Scholar] [CrossRef]

	



Calabrese, V.; Scapagnini, G.; Catalano, C.; Dinotta, F.; Geraci, D.; Morganti, P. Biochemical studies of a natural antioxidant isolated from Rosemary and its application in cosmetic dermatology. Int. J. Tissue React. 2000, 22, 5–13. [Google Scholar]

	



UniProt. Taxonomy—Rosmarinus Officinalis (Rosemary) (Salvia Rosmarinus). Available online: https://www.uniprot.org/taxonomy/39367 (accessed on 6 March 2020).

	



Garden, M.B. Salvia Rosmarinus. Available online: http://www.missouribotanicalgarden.org/PlantFinder/PlantFinderDetails.aspx?kempercode=b968 (accessed on 6 March 2020).

	



Science, R.B.G.K. Salvia Rosmarinus Spenn. Available online: http://plantsoftheworldonline.org/taxon/urn:lsid:ipni.org:names:457138-1 (accessed on 6 March 2020).

	



AI-Sereiti, M.R.; Abu-Amerb, K.M.; Sena, P. Pharmacology of rosemary (Rosmarinus oificinalis Linn.) and its therapeutic potentials. Indian J. Exp. Biol. 1999, 37, 124–130. [Google Scholar]

	



Begum, A.; Sandhya, S.; Vinod, K.R.; Reddy, S.; Banji, D. An in-depth review on the medicinal flora Rosmarinus officinalis (Lamiaceae). Acta Sci. Pol. Technol. Aliment. 2013, 12, 61–74. [Google Scholar]

	



Ribeiro-Santos, R.; Carvalho-Costa, D.; Cavaleiro, C.; Costa, H.S.; Albuquerque, T.G.; Castilho, M.C.; Ramos, F.; Melo, N.R.; Sanches-Silva, A. A novel insight on an ancient aromatic plant: The rosemary (Rosmarinus officinalis L.). Trends Food Sci. Technol. 2015, 45, 355–368. [Google Scholar] [CrossRef]

	



Ojeda-Sana, A.M.; van Baren, C.M.; Elechosa, M.A.; Juárez, M.A.; Moreno, S. New insights into antibacterial and antioxidant activities of rosemary essential oils and their main components. Food Control 2013, 31, 189–195. [Google Scholar] [CrossRef]

	



Stefanovits-Bányai, É.; Tulok, M.; Hegedus, A.; Renner, C.; Szollosi Varga, I. Antioxidant effect of various rosemary (Rosmarinus officinalis L.) clones. Acta Biol. Szeged. 2003, 47, 111–113. [Google Scholar]

	



Hyun, H.B.; Shrestha, S.; Boo, K.H.; Cho, S.K. Evaluation of antioxidant potential of ethyl acetate fraction of Rosmarinus officinalis L. and its major components. J. Korean Soc. Appl. Biol. Chem. 2015, 58, 715–722. [Google Scholar] [CrossRef]

	



Del Baño, M.J.; Lorente, J.; Castillo, J.; Benavente-García, O.; Marín, M.P.; Del Río, J.A.; Ortuño, A.; Ibarra, I. Flavonoid Distribution during the Development of Leaves, Flowers, Stems, and Roots of Rosmarinus officinalis. Postulation of a Biosynthetic Pathway. J. Agric. Food Chem. 2004, 52, 4987–4992. [Google Scholar] [CrossRef]

	



Borrás-Linares, I.; Stojanovic, Z.; Quirantes-Piné, R.; Arráez-Román, D.; Švarc-Gajić, J.; Fernández-Gutiérrez, A.; Segura Carretero, A. Rosmarinus Officinalis Leaves as a Natural Source of Bioactive Compounds. Int. J. Mol. Sci. 2014, 15, 20585–20606. [Google Scholar] [CrossRef]

	



Fernández-Ochoa, Á.; Borrás-Linares, I.; Pérez-Sánchez, A.; Barrajón-Catalán, E.; González-Álvarez, I.; Arráez-Román, D.; Micol, V.; Segura-Carretero, A. Phenolic compounds in rosemary as potential source of bioactive compounds against colorectal cancer: In situ absorption and metabolism study. J. Funct. Foods 2017, 33, 202–210. [Google Scholar] [CrossRef]

	



Mena, P.; Cirlini, M.; Tassotti, M.; Herrlinger, K.; Dall’Asta, C.; Del Rio, D. Phytochemical Profiling of Flavonoids, Phenolic Acids, Terpenoids, and Volatile Fraction of a Rosemary (Rosmarinus officinalis L.) extract. Molecules 2016, 21, 1576. [Google Scholar] [CrossRef]

	



Andrade, J.M.; Faustino, C.; Garcia, C.; Ladeiras, D.; Reis, C.P.; Rijo, P. Rosmarinus officinalis L.: An update review of its phytochemistry and biological activity. Future Sci. OA 2018, 4, FSO283. [Google Scholar] [CrossRef]

	



De Oliveira, J.R.; Camargo, S.E.A.; de Oliveira, L.D. Rosmarinus officinalis L. (rosemary) as therapeutic and prophylactic agent. J. Biomed. Sci. 2019, 26, 5. [Google Scholar] [CrossRef]

	



Altinier, G.; Sosa, S.; Aquino, R.P.; Mencherini, T.; Loggia, R.D.; Tubaro, A. Characterization of Topical Antiinflammatory Compounds in Rosmarinus officinalis L. J. Agric. Food Chem. 2007, 55, 1718–1723. [Google Scholar] [CrossRef] [PubMed]

	



Hcini, K.; Sotomayor, J.A.; Jordan, M.J.; Bouzid, S. Identification and Quantification of Phenolic Compounds of Tunisian Rosmarinus officinalis L. Asian J. Chem. 2013, 25, 9299–9301. [Google Scholar] [CrossRef]

	



Lee, D.Y.; Hwang, C.J.; Choi, J.Y.; Park, M.H.; Song, M.J.; Oh, K.W.; Son, D.J.; Lee, S.H.; Han, S.B.; Hong, J.T. Inhibitory Effect of Carnosol on Phthalic Anhydride-Induced Atopic Dermatitis via Inhibition of STAT3. Biomol. Ther. 2017, 25, 535–544. [Google Scholar] [CrossRef] [PubMed]

	



Kolarsick, P.A.J.; Kolarsick, M.A.; Goodwin, C. Anatomy and Physiology of the Skin. J. Dermatol. Nurses’ Assoc. 2011, 3, 203–213. [Google Scholar] [CrossRef]

	



Soriano-Ruiz, J.L.; Calpena-Capmany, A.C.; Canadas-Enrich, C.; Febrer, N.B.; Suner-Carbo, J.; Souto, E.B.; Clares-Naveros, B. Biopharmaceutical profile of a clotrimazole nanoemulsion: Evaluation on skin and mucosae as anticandidal agent. Int. J. Pharm. 2019, 554, 105–115. [Google Scholar] [CrossRef]

	



Alvarado, H.L.; Abrego, G.; Souto, E.B.; Garduno-Ramirez, M.L.; Clares, B.; Garcia, M.L.; Calpena, A.C. Nanoemulsions for dermal controlled release of oleanolic and ursolic acids: In vitro, ex vivo and in vivo characterization. Colloids Surf. B Biointerfaces 2015, 130, 40–47. [Google Scholar] [CrossRef]

	



Clares, B.; Calpena, A.C.; Parra, A.; Abrego, G.; Alvarado, H.; Fangueiro, J.F.; Souto, E.B. Nanoemulsions (NEs), liposomes (LPs) and solid lipid nanoparticles (SLNs) for retinyl palmitate: Effect on skin permeation. Int. J. Pharm. 2014, 473, 591–598. [Google Scholar] [CrossRef]

	



Doktorovova, S.; Kovacevic, A.B.; Garcia, M.L.; Souto, E.B. Preclinical safety of solid lipid nanoparticles and nanostructured lipid carriers: Current evidence from in vitro and in vivo evaluation. Eur. J. Pharm. Biopharm. 2016, 108, 235–252. [Google Scholar] [CrossRef]

	



Carbone, C.; Teixeira, M.D.C.; Sousa, M.D.C.; Martins-Gomes, C.; Silva, A.M.; Souto, E.M.B.; Musumeci, T. Clotrimazole-Loaded Mediterranean Essential Oils NLC: A Synergic Treatment of Candida Skin Infections. Pharmaceutics 2019, 11, 231. [Google Scholar] [CrossRef]

	



Carbone, C.; Fuochi, V.; Zielińska, A.; Musumeci, T.; Souto, E.B.; Bonaccorso, A.; Puglia, C.; Petronio Petronio, G.; Furneri, P.M. Dual-drugs delivery in solid lipid nanoparticles for the treatment of Candida albicans mycosis. Colloids Surf. B Biointerfaces 2020, 186, 110705. [Google Scholar] [CrossRef]

	



Pintore, G.; Usai, M.; Bradesi, P.; Juliano, C.; Boatto, G.; Tomi, F.; Chessa, M.; Cerri, R.; Casanova, J. Chemical composition and antimicrobial activity of Rosmarinus officinalis L. oils from Sardinia and Corsica. Flavour Fragr. J. 2001, 17, 15–19. [Google Scholar] [CrossRef]

	



Lo, A.H.; Liang, Y.C.; Lin-Shiau, S.Y.; Ho, C.T.; Lin, J.K. Carnosol, an antioxidant in rosemary, suppresses inducible nitric oxide synthase through down-regulating nuclear factor-κB in mouse macrophages. Carcinogenesis 2002, 23, 983–991. [Google Scholar] [CrossRef] [PubMed]

	



Yimam, M.; Lee, Y.C.; Jiao, P.; Hong, M.; Brownell, L.; Jia, Q. A Standardized Composition Comprised of Extracts from Rosmarinus officinalis, Annona squamosa and Zanthoxylum clava-herculis for Cellulite. Pharmacogn. Res. 2017, 9, 319–324. [Google Scholar] [CrossRef] [PubMed]

	



Lim, S.J.; Kim, M.; Randy, A.; Nam, E.J.; Nho, C.W. Effects of Hovenia dulcis Thunb. extract and methyl vanillate on atopic dermatitis-like skin lesions and TNF-α/IFN-γ-induced chemokines production in HaCaT cells. J. Pharm. Pharmacol. 2016, 68, 1465–1479. [Google Scholar] [CrossRef]

	



Boos, A.; Hagl, B.; Schlesinger, A.; Halm, B.E.; Ballenberger, N.; Pinarci, M.; Heinz, V.; Kreilinger, D.; Spielberger, B.D.; Schimke-Marques, L.F.; et al. Atopic dermatitis, STAT3-and DOCK8-hyper-IgE syndromes differ in IgE-based sensitization pattern. Allergy 2014, 69, 943–953. [Google Scholar] [CrossRef]

	



Cattaneo, L.; Cicconi, R.; Mignogna, G.; Giorgi, A.; Mattei, M.; Graziani, G.; Ferracane, R.; Grosso, A.; Aducci, P.; Schininà, M.E.; et al. Anti-Proliferative Effect of Rosmarinus officinalis L. Extract on Human Melanoma A375 Cells. PLoS ONE 2015, 10, e0132439. [Google Scholar] [CrossRef]

	



Moore, J.; Yousef, M.; Tsiani, E. Anticancer Effects of Rosemary (Rosmarinus officinalis L.) Extract and Rosemary Extract Polyphenols. Nutrients 2016, 8, 731. [Google Scholar] [CrossRef]

	



Sharmila, R.; Shanmugam, M. Anti-tumor activity of rosmarinic acid in 7,12-dimethylbenz(a)anthracene (DMBA) induced skin carcinogenesis in Swiss albino mice. Indian J. Exp. Biol. 2012, 50, 187–194. [Google Scholar]

	



Park, S.Y.; Song, H.; Sung, M.-K.; Kang, Y.-H.; Lee, K.W.; Park, J.H.Y. Carnosic acid inhibits the epithelial-mesenchymal transition in B16F10 melanoma cells: A possible mechanism for the inhibition of cell migration. Int. J. Mol. Sci. 2014, 15, 12698–12713. [Google Scholar] [CrossRef]

	



Umasankar, K.; Nambikkairaj, B.; Backyavathy, D.M. Effect of topical treatment of rosmarinus officinalis essential oil on wound healing in streptozotocin induced diabetic rats. Nat. Environ. Pollut. Technol. 2012, 11, 607–611. [Google Scholar]

	



Nejati, H.; Farahpour, M.; Nagadehi, M.N. Topical Rosemary officinalis essential oil improves wound healing against disseminated Candida albicans infection in rat model. Comp. Clin. Pathol. 2015. [Google Scholar] [CrossRef]

	



Ince, B.; Yildirim, A.M.; Okur, M.I.; Dadaci, M.; Yoruk, E. Effects of Rosmarinus officinalis on the survivability of random-patterned skin flaps: An experimental study. J. Plast. Surg. Hand Surg. 2015, 49, 83–87. [Google Scholar] [CrossRef] [PubMed]

	



Akbari, J.; Saeedi, M.; Farzin, D.; Morteza-Semnani, K.; Esmaili, Z. Transdermal absorption enhancing effect of the essential oil of Rosmarinus officinalis on percutaneous absorption of Na diclofenac from topical gel. Pharm. Biol. 2015, 53, 1442–1447. [Google Scholar] [CrossRef] [PubMed]

	



Gauch, L.M.R.; Pedrosa, S.S.; Esteves, R.A.; Silveira-Gomes, F.; Gurgel, E.S.C.; Arruda, A.C.; Marques-da-Silva, S.H. Antifungal activity of Rosmarinus officinalis Linn. Essential oil against Candida albicans, Candida dubliniensis, Candida parapsilosis and Candida krusei. Rev. Pan-Amaz. Saúde 2014, 5, 61–66. [Google Scholar] [CrossRef]

	



Sudan, P.; Singh, J. Antifungal Potential of Rosmarinus Officinalis against Microsporum Gypseum and Trichophyton Rubrum. Int. Res. J. Pharm. 2019, 10, 205–207. [Google Scholar] [CrossRef]

	



Murata, K.; Noguchi, K.; Kondo, M.; Onishi, M.; Watanabe, N.; Okamura, K.; Matsuda, H. Promotion of Hair Growth by Rosmarinus officinalis Leaf Extract. Phytother. Res. 2013, 27, 212–217. [Google Scholar] [CrossRef]

	



Montenegro, L.; Pasquinucci, L.; Zappalà, A.; Chiechio, S.; Turnaturi, R.; Parenti, C. Rosemary Essential Oil-Loaded Lipid Nanoparticles: In Vivo Topical Activity from Gel Vehicles. Pharmaceutics 2017, 9, 48. [Google Scholar] [CrossRef]

	



Martin, R.; Pierrard, C.; Lejeune, F.; Hilaire, P.; Breton, L.; Bernerd, F. Photoprotective effect of a water-soluble extract of Rosmarinus officinalis L. against UV-induced matrix metalloproteinase-1 in human dermal fibroblasts and reconstructed skin. Eur. J. Dermatol. 2008, 18, 128–135. [Google Scholar] [CrossRef]

	



Cizauskaite, U.; Ivanauskas, L.; Jakštas, V.; Marksiene, R.; Jonaitiene, L.; Bernatoniene, J. Rosmarinus officinalis L. extract and some of its active ingredients as potential emulsion stabilizers: A new approach to the formation of multiple (W/O/W) emulsion. Pharm. Dev. Technol. 2016, 21, 716–724. [Google Scholar] [CrossRef]

	



Reuter, J.; Jocher, A.; Hornstein, S.; Schulte Mönting, J.; Mathis Schempp, C. Sage Extract Rich in Phenolic Diterpenes Inhibits Ultraviolet-Induced Erythema in Vivo. Planta Med. 2007, 73, 1190–1191. [Google Scholar] [CrossRef]

	



Fuchs, M.; Turchiuli, C.; Bohin, M.; Cuvelier, M.E.; Ordonnaud, C.; Peyrat-Maillard, M.N.; Dumoulin, E. Encapsulation of oil in powder using spray drying and fluidised bed agglomeration. J. Food Eng. 2006, 75, 27–35. [Google Scholar] [CrossRef]

	



Gray-Schopfer, V.; Wellbrock, C.; Marais, R. Melanoma biology and new targeted therapy. Nature 2007, 445, 851. [Google Scholar] [CrossRef] [PubMed]

	



Shain, A.H.; Bastian, B.C. From melanocytes to melanomas. Nat. Rev. Cancer 2016, 16, 345. [Google Scholar] [CrossRef] [PubMed]

	



Domingues, B.; Lopes, J.M.; Soares, P.; Pópulo, H. Melanoma treatment in review. Immunotargets 2018, 7, 35–49. [Google Scholar] [CrossRef]

	



Lazarus, G.S.; Cooper, D.M.; Knighton, D.R.; Margolis, D.J.; Pecoraro, R.E.; Rodeheaver, G.; Robson, M.C. Definitions and Guidelines for Assessment of Wounds and Evaluation of Healing. JAMA Dermatol. 1994, 130, 489–493. [Google Scholar] [CrossRef]

	



Camargo, C.P.; Margarido, N.F.; Guandelini, E.; Vieira, G.A.B.; Jacomo, A.L.; Gemperli, R. Description of a new experimental model skin flap for studying skin viability in rats. Acta Cir. Bras. 2014, 29, 166–170. [Google Scholar] [CrossRef]

	



Momeni, A.; Souza, K.E. 2.5—Local Skin Flaps. In Global Reconstructive Surgery; Chang, J., Ed.; Elsevier: London, UK, 2019; pp. 86–99. [Google Scholar] [CrossRef]

	



Sharma, N.; Aggarwal, G.; Rana, A.C.; Bhat, Z.; Kumar, D. A Review: Transdermal Drug Delivery System: A Tool For Novel Drug Delivery System. Int. J. Drug Dev. Res. 2011, 3, 70–84. [Google Scholar]

	



Jessup, C.J.; Warner, J.; Isham, N.; Hasan, I.; Ghannoum, M.A. Antifungal susceptibility testing of dermatophytes: Establishing a medium for inducing conidial growth and evaluation of susceptibility of clinical isolates. J. Clin. Microbiol. 2000, 38, 341–344. [Google Scholar]

	



Achterman, R.R.; White, T.C. Dermatophyte virulence factors: Identifying and analyzing genes that may contribute to chronic or acute skin infections. Int. J. Microbiol. 2012, 2012, 358305. [Google Scholar] [CrossRef]

	



Negi, N.; Tripathi, V.; Choudhury, R.; Bist, J.; Kumari, N.; Chandola, I. Clinicomycological Profile of Superficial Fungal Infections Caused by Dermatophytes in a Tertiary Care Centre of North India. Int. J. Curr. Microbiol. Appl. Sci. 2017, 6, 3220–3227. [Google Scholar] [CrossRef]

	



Avram, M.M. Cellulite: A review of its physiology and treatment. J. Cosmet. Laser Ther. 2004, 6, 181–185. [Google Scholar] [CrossRef] [PubMed]

	



Hexsel, D.; Orlandi, C.; Prado, D. Botanical Extracts Used in the Treatment of Cellulite. Dermatol. Surg. Off. Publ. Am. Soc. Dermatol. Surg. 2005, 31, 866–872. [Google Scholar] [CrossRef] [PubMed]

	



Tokarska, K.; Tokarski, S.; Wozniacka, A.; Sysa-Jędrzejowska, A.; Bogaczewicz, J. Cellulite: A cosmetic or systemic issue? Contemporary views on the etiopathogenesis of cellulite. Adv. Dermatol. Allergol. 2018, 35. [Google Scholar] [CrossRef] [PubMed]

	



Sadick, N. Treatment for cellulite. Int. J. Womens Derm. 2018, 5, 68–72. [Google Scholar] [CrossRef] [PubMed]

	



Hunt, N.; McHale, S. The psychological impact of alopecia. BMJ 2005, 331, 951–953. [Google Scholar] [CrossRef]

	



Arck, P.C.; Slominski, A.; Theoharides, T.C.; Peters, E.M.J.; Paus, R. Neuroimmunology of Stress: Skin Takes Center Stage. J. Investig. Dermatol. 2006, 126, 1697–1704. [Google Scholar] [CrossRef]

	



Baumann, L. Skin ageing and its treatment. J. Pathol. 2007, 211, 241–251. [Google Scholar] [CrossRef]

	



Stojiljković, D.; Pavlović, D.; Arsić, I. Oxidative Stress, Skin Aging and Antioxidant Therapy/Oksidacioni Stres, Starenje Kože I Antioksidaciona Terapija. Acta Fac. Med. Naissensis 2014, 31, 207. [Google Scholar] [CrossRef]

	



I Liochev, S. Reflections on the Theories of Aging, of Oxidative Stress, and of Science in General. Is It Time to Abandon the Free Radical (Oxidative Stress) Theory of Aging? Antioxid. Redox Signal. 2014, 23. [Google Scholar] [CrossRef]

	



Junyaprasert, V.B.; Teeranachaideekul, V.; Souto, E.B.; Boonme, P.; Muller, R.H. Q10-loaded NLC versus nanoemulsions: Stability, rheology and in vitro skin permeation. Int. J. Pharm. 2009, 377, 207–214. [Google Scholar] [CrossRef]

	



Souto, E.B.; Muller, R.H. Cosmetic features and applications of lipid nanoparticles (SLN, NLC). Int. J. Cosmet. Sci. 2008, 30, 157–165. [Google Scholar] [CrossRef] [PubMed]

	



Casanova, F.; Estevinho, B.N.; Santos, L. Preliminary studies of rosmarinic acid microencapsulation with chitosan and modified chitosan for topical delivery. Powder Technol. 2016, 297, 44–49. [Google Scholar] [CrossRef]

	



Lamaison, J.L.; Petitjean-Freytet, C.; Carnat, A. Medicinal Lamiaceae with antioxidant properties, a potential source of rosmarinic acid. Pharm. Acta Helv. 1991, 66, 185–188. [Google Scholar] [PubMed]

	



Grant, R.H.; Heisler, G.M. Effect of Cloud Cover on UVB Exposure Under Tree Canopies: Will Climate Change Affect UVB Exposure? Photochem. Photobiol. 2006, 82, 487–494. [Google Scholar] [CrossRef] [PubMed]

	



Gallagher, R.P.; Lee, T.K. Adverse effects of ultraviolet radiation: A brief review. Prog. Biophys. Mol. Biol. 2006, 92, 119–131. [Google Scholar] [CrossRef]

	



Balogh, T.S.; Velasco, M.V.R.; Pedriali, C.A.; Kaneko, T.M.; Baby, A.R. Proteção à radiação ultravioleta: Recursos disponíveis na atualidade em fotoproteção. An. Bras. Dermatol. 2011, 86, 732–742. [Google Scholar] [CrossRef]








[image: Plants 09 00651 g001 550] 





Figure 1. Chemical structure of some Rosmarinus officinalis secondary metabolites: carnosol (A), carnosic acid (B), rosmarinic acid (C), ursolic acid (D), oleanolic acid (E), and micromeric acid (F). 
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Table 1. Results collected about Rosmarinus officinalis uses.
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	Topic
	Results
	Reference





	Anti-inflammatory activity
	
	
Carnosic acid inhibit NO.



	
Carnosic acid platelet was inhibited.



	
Carnosol reduces atopic dermatitis.



	
Rosemary extract showed anti-inflammatory activity similar to indomethacin.





	[24,26,35,36,37,38]



	Skin cancer
	
	
Rosemary extract reduces number, diameter, weight, and incidence of tumors and increases the latency period.



	
Rosmarinic acid showed chameoprotective activity.



	
Carnosic acid showed protective effect against melanoma.





	[39,40,41,42]



	Wound healing
	
	
Rosemary oil showed healing, angiogenesis, and improvements in granulation tissue.



	
Rosemary oil accelerated healing wounds in diabetic and nondiabetic animals.



	
Rosemary cream accelerated wound healing.





	[1,43,44]



	Skin flaps survival
	
	
Rosemary oil showed improvement in tissue survival and viability, and tissue necrosis was lower.





	[45]



	Transdermal effects
	
	
Monoterpertenes, presented in rosemary oil, promoted cutaneous absorption.





	[46]



	Antifungal activity
	
	
Rosemary oil was capable of inhibiting C. albicans growth.



	
Rosemary extract was responsible for inhibiting fungal growth.





	[47,48]



	Ginoid lipodystrophy (GLD, cellulite)
	
	
A cream with carnosic acid was responsible for an improvement of cellulitis appearance.





	[36]



	Alopecia
	
	
Rosemary extract showed a hair growth.





	[49]



	Antiaging
	
	
Roms1 has a strong antioxidant capacity.



	
Rosemary essential oil nanoparticles showed greater capacity of hydration and improves the elasticity.





	[8,50]



	Ultraviolet protection
	
	
Rosemary and citrus extracts were able to improve cell protection against UV.



	
Rosemary extract reduced skin damage caused by the sun.





	[4,51]



	Other studies
	
	
Secondary metabolites present in rosemary extract showed stabilizer emulsion properties.





	[52]
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