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ABSTRACT 
Currently, there is growing evidence of the role of polyphenols as protection agents against ultraviolet radiation 
(UVR), both in plant and animal cells, especially flavonoids, which are considered beneficial compounds that increase 
photoprotection of sunscreen formulations. The objective of this systematic review is to analyze if there is an increase in 
photoprotection of the hydrolyzed forms of polyphenols, specifically of flavonoids, such as quercetin and kaempferol, 
with respect to their corresponding glycosides, which are present in polar extracts of aerial parts of plants. Following 
the PRISMA guidelines, the systematic review was carried out in three electronic databases (Science Direct, Pubmed, 
and Embase) to identify the main articles that evaluated the effect of polyphenols against UVR protection. From a 
total of 1,230 research articles found, 21 met the inclusion parameters, of which 13 studies evaluated extracts isolated 
from different plants, and one study evaluated an agroindustrial residue. In all the cases, the main constituents were 
characterized as flavonoid compounds, including some of the compounds of interest of this revision. The effect of 
the pure compounds rutin and quercetin, as photoprotection enhancers, was evaluated in seven articles. Although a 
conclusive answer to the objective question of this systematic review could not be obtained, all the studies confirmed 
the biological activity of the polyphenols as photoprotector.

INTRODUCTION
Since in 1820, Widmark discovered the role played by 

sunlight in skin burns, it has been working on various strategies 
that can minimize the harmful effect of solar radiation on humans. 
Since then, the damage caused to living beings by exposure to 
ultraviolet radiation (UVR) has been studied, which has led to a 
desire to develop increasingly effective and safe substances that 
evolve the history of sunscreens (Urbach, 2001). The effects 
of UVR on the skin are diverse, and depend mainly on the 
duration of the exposure and the wavelength. In this sense, one 
of the acute effects of the UVR on the skin, specifically the UVB 
(290–320 nm), consists in sunburn (erythema), which if severe 
enough, can produce blisters and destruction of the superficial 
layers of the skin, with secondary infection and systemic effects, 

similar to a first- or second-degree heat burn. Furthermore, 
UVA radiation (320–400 nm) produces tanning, thickening of 
the stratum corneum, epidermis, and dermis, local and systemic 
immunosuppression, photokeratitis, and photoconjunctivitis, 
among others. In addition, the chronic changes due to UVR 
produce photoaging, induction of pre-malignant changes and 
malignant skin tumors, and so on (Kuchel et al., 2003; Samaniego 
et al., 2017).

Therefore, to prevent the effects of UVR exposure, 
topical sunscreens have been developed, with active ingredients 
that absorb or scatter radiation in the harmful UV range 
(wavelengths of 290–400 nm) that reaches the earth's surface 
(Food and Drug Administration, 2012). In addition, these 
compounds must have attributes, such as photostability greater 
than 80% and must not penetrate the skin where they may cause 
adverse effects. Commercial sunscreens contain chemical filters 
(organic substances, which absorb UVA and UVB radiation) or 
physical filters (inorganic substances, which reflect or disperse 
UVA and UVB radiation) and mostly present a combination of 
both (Schalka and Reis, 2011; Serpone et al., 2007). 
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In this regard, several studies have demonstrated that plant 
extracts have various biological properties, such as antioxidant, 
anti-inflammatory, immunomodulatory, antimutagenic, and 
photoprotective, which have been justified by the presence of 
polyphenolic compounds (De Oliveira-Júnior et al., 2017; Greul 
et al., 2002). Polyphenols are important compounds in plants, 
which constitute a wide variety of secondary metabolites that 
include flavonoids, phenolic acids, tannins, lignans and coumarins, 
among others (Costa et al., 2015; Dai and Mumper, 2010). Then, 
based on their chemical structure, phenolic compounds act as 
scavenger of reactive oxygen species (ROS), which are produced 
in excess under oxidative stress. In addition, polyphenols play 
an important role as sunscreens and protect plants against high 
exposure to UVR (Agati et al., 2013; Agati and Tattini, 2010; 
Bendová et al., 2007; Jansen et al., 1998). 

Within the phenolic compounds, the flavonoids constitute 
a large and diverse group of secondary metabolites in the plants, 
with their basic structure of C6–C3–C6 ring represented, mainly 
by the glycosides of quercetin and kaempferol, which accumulate 
in the plants in the which fulfill a large number of functions 
(Agati et al., 2013; Gitelson et al., 2017; Harborne and Williams, 
2000). Thereby, flavonoids perform a determining role mainly as 
a defense mechanism against the harmful effects of UVR in plants, 
and consequently improve the photosynthetic resistance against 
UVA and UVB radiation from solar spectrum. In addition, as 
mentioned, they act as free radical scavengers, with characteristics 
that could benefit current sunscreens, with a summing or synergic 
effect on their photoprotective potential (Agati et al., 2011; 2013; 
Nagula and Wairkar, 2019). Consequently, this review aims to 
determine the role of quercetin and kaempferol in photoprotection, 
analyzing the studies carried out in plant extracts during the last 
20 years. The main objective was to analyze relevant information 
where the aglycone form of such polyphenols is studied and their 
role in terms of photoprotection and photostability with application 
in humans, in comparison to their corresponding glycosides. 

MATERIALS AND METHODS
This systematic review included the articles from three 

databases: Pubmed, Science Direct, and Embase, since 1998 to the 
end of October 2018.

Search terms
According to the research question, three main themes 

were identified: “skin,, “photoprotection,” and “polyphenols”; the 
latter were specified as “rutin,” “quercetin,” and “kaempferol”; also 
included are the terms “glycosides OR glucosides,” “hydrolysis of 
glycosides OR glucosides,” and the keywords “photoprotection 
OR fotoprotector” are used to formulate a search strategy that 
is applied in all the searches on the databases. Further relevant 
studies were identified through manual searches of reference lists. 
Studies have been first screened by title, then by abstract, and 
finally by reading of the full text.

Inclusion and exclusion criteria
Besides the search terms, articles were selected based 

on certain inclusion and exclusion criteria. The first one, peer 
reviewed journal articles were being included, whereas reviews, 
editorial material, meeting abstracts, letters, retracted publications, 
and book chapters were excluded. To be incorporated, the studies 

had to explore and assess at least one type of polyphenol or plant 
extract where photoprotection to be evaluated with application in 
humans. The language of the articles included was only English.

Quality evaluation
The quality of the studies selected was assessed in a 

systematic form. The quality score is composed of five items, 
and each item is allocated 0, 1, or 2 points for each category: 
quantification of flavonoids or polyphenols, characterization 
of extracts, photoprotection tests in vitro, ex vivo, and in vivo, 
in humans or animals. In total, each study can be awarded a 
maximum of 10 points.

Parameters evaluation of quality

Test of polyphenols and flavonoids

•	 �If no polyphenols or flavonoids quantification test is 
performed: 0 points

•	 �If a test of quantification of polyphenols or flavonoids is 
carried out: 1 point

•	 If polyphenols and flavonoids are quantified: 2 points

Chemical characterization of molecules of interest

•	 If the polyphenols are not characterized: 0 points
•	 �If at least one specific molecule of interest is 

characterized: 1 point
•	 �If they characterize or work with more than one molecule 

of our interest (rutin, quercetin, kaempferol): 2 points

Photoprotection tests in vitro

•	 �If in vitro photoprotection tests are not carried out: 0 
points

•	 If in vitro photoprotection tests are carried out: 1 point
•	 �If in vitro photoprotection and photostability tests are 

carried out: 2 points

Photoprotection tests ex vivo

•	 �If ex vivo photoprotection tests are not carried out: 0 
points

•	 If ex vivo photoprotection tests are carried out: 1 point
•	 �If ex vivo photoprotection and cytotoxicity or 

dermotoxicity tests are carried out: 2 points

Photoprotection tests in vivo in humans or animals

•	 �If in vivo photoprotection tests are not carried out in 
humans or animals: 0 points

•	 �If in vivo photoprotection tests are carried out on 
animals: 1 point

•	 �If in vivo photoprotection tests are carried out in humans: 
2 points

Quality ranges

High: 8–10 points
Average: 4–7 points
Low: 0–3 points
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Data extraction
The quantitative and qualitative data were extracted from 

all the included publications: authors, year of publication, country 
of origin, information about the objectives, and main findings of 
each study. The analysis of the information was carried out by 
three experts in the subject, who evaluated the reproducibility and 
the risk of bias in each phase of the review.

RESULTS

Selection of studies
The search of the information in databases resulted in 

the identification of a total of 1,230 records (research papers that 
met the selection criteria) from the initial searches, the reference 
lists and the elimination of duplicate records. After the exhaustive 
selection of the studies, 21 final studies were included. Figure 1 
shows the flowchart of the present study with the inclusion and 
exclusion criteria. All studies were in the English language and 
were published between January 1998 and October 2018.

Characteristics of the studies
Among the articles included and analyzed, 13 of them 

evaluated the photoprotective effect of the plant extracts (Aquino 

et al., 2002; Bonina et al., 2002; 2000; Costa et al., 2015; De 
Oliveira-Júnior et al., 2017; Gajardo et al., 2016; Mejía-Giraldo 
et al., 2015; 2016a; 2016b; Puertas-mejía et al., 2015; Reis 
Mansur et al., 2016; Silva et al., 2016; Velasco et al., 2008), one 
study evaluated polyphenols in an agroindustrial waste (Mandalari 
et al., 2013), and seven of the studies evaluated rutin and quercetin 
pure in photoprotective formulations (De Oliveira et al., 2015; 
Graziola et al., 2016; Kamel and Mostafa, 2015; Kostyuk et al., 
2018; Peres et al., 2015; Tomazelli et al., 2018; Vicentini et al., 
2010). For the analysis of polyphenols, tests were carried out as 
total polyphenol content (TPC) or flavonoid content, antioxidant 
capacity by different methods, and in plant extracts their main 
compounds were chemically characterized. In addition, different 
in vitro, ex vivo, and in vivo photoprotection and photostability 
tests were carried out. Table 1 describes the main characteristics 
of each study, including the year of implementation, country, 
objectives, polyphenols, and the species of the plant used.

Results of individual studies
All studies promote the photoprotective capacity of 

polyphenols. A common denominator was the incorporation 
of these polyphenols into cosmetic formulations for the tests of 
interest, in which their effect was compared with antioxidants, 

Figure 1. Flowchart of selection of studies.
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Table 1. Summary of the main characteristics of the studies evaluated.

Ref Year Country Objetive Polyphenols Species

(Kostyuk et al., 2018) 2018 Belarus Propose a panel of in vitro methods for the preselection 
of natural photoprotective substances with high 
photostability and low phototoxicity.

Rutin

Quercetin

Does not apply, pure 
compounds

(Tomazelli et al., 2018) 2018 Brazil To evaluate the SPF of the rutin by in vitro and in vivo 
methods, comparing sunscreen formulations containing 
0.1 % (w/w) rutin, 3.0 % (w/w) avobenzone and 8.0 % 
(w/w) octyldimethyl PABA with a similar preparation free 
of active substances.

Rutin Does not apply, pure 
compounds

(De Oliveira-Júnior et al., 2017) 2017 Brazil To evaluate the photoprotective effect of cosmetic 
formulations containing hydroalcoholic extract of 
N. variegate.

Quercetin Neoglaziovia variegata

(Gajardo et al., 2016) 2016 Chile To investigate SPF and the antioxidant properties of 
Parastrephia lepidophyla Cabr., Fabiana squamata Phil., 
Ephedra chilensis K.Presl., Lampaya medicinalis Phil., 
Baccharis tola Phil., And compact Azorella Phil.

Quinic caffeic acid, apigenin-
di-C-hexoside (vicenin II), 
apigenin-C-hexoside-C-
pentoside, rutin pentoside, 
quercetin-dihexoside, dicaffeic 
quinic acid (isomer), caffeine

Parastrephia lepidophyla 
Cabr., Fabiana squamata Phil., 
Ephedra chilensis K.Presl., 
Lampaya medicinalis Phil., 
Baccharis tola Phil., and 
Azorella compacta Phil.

(Graziola et al., 2016) 2016 Brazil To investigate the use of flavonoid rutin as an alternative 
to glutaraldehyde to cross-link gelatin microparticles.

Rutin Does not apply, pure 
compounds

(Silva et al., 2016) 2016 Brazil To evaluate the photoprotective capacity of the crude 
extract of S. purpurea L. peel, against UVA and UVB rays 
in vitro and its incorporation into a sunscreen formulation 
as an active principle.

 HHDP-allioil-glucose, Galoil-
bis-HHPD-glucose, rutin, 
Quercetin

Spondias purpurea

(Mejía-Giraldo et al., 2016b) 2016 Colombia To evaluate the photoprotective, photostability and 
antioxidant activity of leaf extracts of B. antioquensis, as 
well as its phenolic composition.

Quercetin, rutin, kaempferol, 
chlorogenic acid

Baccharis antioquensis

(Reis Mansur et al., 2016) 2016 Brazil To develop a photoprotective oil-in-water emulsion of 
Bauhinia microstachya var. 

kaempferol-3-O- ramnoside, 
astragalina-2 ", 6" -di-O-
digalato

Bauhinia microstachya var. 
massambabensis Vaz, Fabaceae

(Mejía-Giraldo et al., 2016a) 2016 Colombia To evaluate the photoprotective and antioxidant capacity 
in vitro and correlate it with the content of polyphenol and 
anthocyanin in nine plants.

Polyphenols Sphagnum meridense, 
Calamagrostis effusa, 
Lycopodiella alopecuroides, 
Morella parvifolia, Baccharis 
antioquensis, Pentacalia 
pulchella, Castilleja fissifolia, 
Hesperomeles ferruginea and 
Hypericum juniperinum

(De Oliveira et al., 2015) 2015 Brazil To develop and evaluate the effectiveness of sunscreens 
containing benzophenone-3 or avobenzone with and 
without rutin.

Rutin Does not apply, pure 
compounds

(Costa et al., 2015) 2015 Brazil To investigate the potential of the ethanol extract of M. 
taxifolia as an active ingredient in a photoprotective 
formulation with sunscreen (UVA-UVB).

Quercetin Marcetia taxifolia

(Peres et al., 2015) 2015 Brazil Investigate the synergistic effect of rutin associated with 
organic UV filters.

Rutin Does not apply, pure 
compounds

(Kamel and Mostafa, 2015) 2015 Egypt Development of rutin nanoparticulate photoprotective 
preparations.

Rutin Does not apply, pure 
compounds

(Puertas-Mejía et al., 2015) 2015 Colombia To evaluate the in vitro UVR absorption capacity of 
extracts from three plants belonging to the Ericaceae 
family and compare them with their antioxidant capacity.

Polyphenols Bejaria aestuans, Cavendishia 
pubescens y Cavendishia 
bracteata

(Mejía-Giraldo et al., 2015) 2015 Colombia To evaluate the photoprotective and antioxidant capacity 
of Sphagnum meridense extract. In addition, try different 
extraction procedures to evaluate their effects on the 
excretion of phenolic compounds.

Polyphenols Sphagnum meridense

(Mandalari et al., 2013) 2013 Italy To evaluate the antioxidant and photoprotective effect 
of blanch water, a by-product of the almond processing 
agroindustry.

Naringenin-7-O-glucoside and 
kaempferol-7-O-rutinoside.

Agua blanch 

(Vicentini et al., 2010) 2010 Brazil Consider the histological aspects to evaluate the 
photoprotective effect in vivo of a w/o microemulsion 
containing quercetin against the skin damage induced by 
UVB radiation.

Quercetin Does not apply, pure 
compounds

(Velasco et al., 2008) 2008 Brazil To develop delivery systems of bioactive sunscreen 
containing rutin, Passiflora incarnata L. and Plantago 
lanceolate extracts, associated or not with organic and 
inorganic UV filters.

Rutin, Polyphenols Passiflora incarnata L. and 
Plantago lanceolata extracts

(Continued)
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UV filters, and polyphenols, such as quercetin and rutin or their 
additive; evaluating its possible applicability as sunscreens. 
Table 2 describes the main findings of the individually studies.

Evaluation of the quality of the studies
The evaluation of the quality of each study based on the 

inclusion and exclusion criteria was indicated in Table 3, according 
to the selected characteristics. The total average score was 4.6 ± 
1.2. Thus, for articles where extracts were analyzed, an average 
quality of 4.5 ± 1.3 was presented and for studies evaluating 
specific polyphenols, such as rutin, quercetin, or kaempferol, 
an average quality of 4.9 ± 1.0 was found. Although it is not an 
excellent quality, in relation to the parameters defined by our self, 
these results indicated a sufficient level of quality to examine the 
conclusions in a valid way.

DISCUSSION

Summary of results
The main objective of the research was to carry out a 

systematic review of the evidence about the effect of hydrolyzed 
polyphenols, such as quercetin and kaempferol, on photoprotection 
and photostability, determining if they are better or not regarding 
these characteristics in comparison to their glycosides. It should 
be noted that none of the articles evaluated could find an analysis 
that may solve the propose question. However, in the research 
described by Kostyuk et al. (2018), the rutin is compared with its 
respective aglycone quercetin, finding better values for quercetin in 
some of analyzes carried out (Kostyuk et al., 2018). Nevertheless, 
all the analyzed papers showed that the photoprotective effect of 
plant extracts rich in polyphenols, especially flavonoids and their 
additive and synergistic effects when mixed with commercial 
sunscreens improve significantly the SPF and photostability of 
these formulations (Peres et al., 2015; Tomazelli et al., 2018). 

Explanation of the results
Previous studies have proven that the photoprotective 

capacity of vegetable extracts is due to the presence of polyphenols, 
and especially flavonoids, such as rutin, quercetin, kaempferol, 
among others (Aquino et al., 2002; Costa et al., 2015; Gajardo 
et al., 2016; Mejía-Giraldo et al., 2016b; Silva et al., 2016). In 

addition, some authors have demonstrated that polyphenols could 
avoid the damage induced by the UVR, through mechanisms, 
such as capture and inactivation of ROS. It also increases 
its photostability, due to an additive effect produced by high 
polyphenolic antioxidant capacity and a co-active effect, so that 
antioxidants do not absorb radiation (Greul et al., 2002).

De Oliveira-Junior et al. (2017) found that after 
incorporation of Nv-HA (Hydro Alcoholic extract of Neoglaziovia 
variegata) into O/W emulsions, no photoprotective activity was 
presented for concentrations at 5.0% of Nv-HA (SPF = 0.008 ± 
0.013) and 10.0% (SPF = 0.059 ± 0.057). However, the extracts 
were able to maximize the protective effect of the formulations 
that contained synthetic filters (5.43 ± 0.07 and 11.73 ± 0.04) 
extract concentrations of 0.5 and 1.0 % (v/v), respectively in a 
dose-response behavior. When compared to quercetin (SPF = 
2.45 ± 0.13) and benzophenone-3 (SPF = 5.10 ± 0.15), the Nv-
HA extract at 1.0%, showed the highest photoprotective effect. 
Likewise, the results propose that Nv-HA extract may be utilized 
as a coadjuvant or booster of chemical filters when added in a 
cosmetic sunscreen, reducing the necessary amount of synthetic 
filters, and therefore, lowering the risks of phototoxic reactions 
without affecting the photoprotective property of the formulation 
(De Oliveira-Júnior et al., 2017).

In addition, the molecules that prevent skin erythema 
produced by exposure to UVB, such as antioxidant and anti-
inflammatory molecules, could significantly improve the 
UV protection of sunscreens, as demonstrated by Tomazelli 
et al. (2018) with the results of the in vivo SPF test, in which the 
formulation containing rutin, enhance the SPF by approximately 
70%, compared to the rutin free formulation in a mixture with the 
UV filters (butylmethoxydibenzoylmethane and octyl dimethyl). 
This fact is evidence of the improvement in photoprotection 
efficiency, even at low concentration, decreasing significantly 
the formation of erythema, effects associated probably to its 
anti-inflammatory activity (Peres et al., 2015; Tomazelli et al., 
2018). Similarly, the use of plant extracts mixed with chemical 
or physical sunscreens has shown that it can protect the skin 
more effectively against UV rays by preserving skin matrix 
damage against oxidative stress, and synergistically increasing 
the SPF of single filter formulations (De Oliveira-Júnior et al., 
2017). Thus, Aquino et al. (2002) demonstrated that the beneficial 

Ref Year Country Objetive Polyphenols Species

(Aquino et al., 2002) 2002 Italy To evaluate the antioxidant effect in vitro and the 
photoprotective activity in vivo of an ethanolic leaf extract 
of Culcitium reflexum H.B.K.

Rutin, quercetin-3-O-D-
galactopyranoside-4-O-D-
glucopyranoside, quercetin-
3-O-D-glucopyranoside, 
isorhamnetin-3-O-D-
galactopyranoside, quercetin 
and kaempferol.

Culcitium reflexum

(Bonina et al., 2002) 2002 Italy To evaluate the antioxidant effect in vitro and the 
photoprotective activity in vivo of a lyophilized extract of 
Capparis spinosa L. obtained by methanolic extraction of 
the flowering buds.

Quercetin, Kaempferol Capparis spinosa

(Bonina et al., 2000) 2000 Italy To evaluate the antioxidant effect in vitro and the 
photoprotective effect on the skin of three freeze-
dried extracts obtained from the juice of the leaves of 
S. telephium L.

Quercetin, Kaempferol Sedum telephium

SPF: Sun Protection Factor

Table 1. (Continued)
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photoprotective effect of the extract of Culcitium reflexum, which 
could be related to its antioxidant activity in vitro and, in turn, 
to the content of biophenols, where the EIP (Erythema Inhibition 
Percentage) was 43.5 compared to 21.7 of the TOC (Tocopheryl 
Acetate) a recognized antioxidant agent (Aquino et al., 2002).

On the other hand, in the study described by Kostyuk et al. 
(2018) compares the photoprotective effect of quercetin and rutin. 
There, an SPF of 5.71 ± 0.12 and a UVA/UVB ratio of 1.5 were 
found for quercetin (10 %), while the values for the rutin (10%) were 
SPF of 3.44 ± 0.16 and UVA/UVB of 1.2, which demonstrated the 

Table 2. Individual main findings.

Reference Main findings

(De Oliveira-Júnior et al., 2017) After evaluating the photoprotective activity of Nv-HA, the extract was incorporated into cosmetic formulations and its photoprotective efficacy 
was also investigated. Compared with quercetin (SPF= 2.45 ± 0.13) and benzophenone-3 (SPF= 5.10 ± 0.15), Nv-HA 1.0 % (SPF= 11.73 ± 0.04) the 
extract had the greatest photoprotective effect. Which suggests that the extract have a superior effect than the molecules alone.

(Costa et al., 2015) All formulations containing Marcetia taxifolia extract had an SPF ≥ 6; with SPF values near to benzophenone-3 a chemical filter frequently used as a 
component of sunscreens. These results indicated the possibility of using these extracts as sunscreen in pharmaceutical preparations.

(Mejía-Giraldo et al., 2015) The extract of Sphagnum meridense showed hopeful values of UVAPF of 2, UVA/UVB ratio of 0.697, critical wavelength (λc) of 384 nm and in vitro 
antioxidant capacity, similar values compared to common sunscreens.

(Mejía-Giraldo et al., 2016a) The extracts of P. pulchella and B. antioquensis could be the origin of promising and photostable new ingredients for use in sunscreens. In addition, 
they may exert an antioxidant and photoprotective effect on the skin by reducing oxidative stress related with aging mechanisms.

(Reis Mansur et al., 2016) Leaf extracts of Bauhinia microstachya var. massambabensis were integrated into O/W emulsions containing commercial photoprotectors, without 
contributing to photodegradation of the sunscreen, when exposed to UV radiation. All the formulations showed an adequate SPF and both plant 
extracts boosted the photoprotective result, as an improvement in the SPF in vivo; therefore, they could be considered safe for cosmetic use.

(Aquino et al., 2002) The EIP of the crude extract of Culcitium reflexum H.B.K. leaves was compared with the TOC in a gel formulation, finding in the extract an EIP of 
43.5 % and TOC of 21.7 %, demonstrating its possible applicability in photoprotection.

(Velasco et al., 2008) It was found that broad-spectrum sun protection is achieved when the dried extract of Passiflora incarnata L. was in the presence of 7.0 % (w/w) 
of ethylhexyl methoxycinnamate, 2.0 % (w/w) benzophenone-3 and 2.0 % (w/w) of TiO2. This shows additive effect of the extract in the increase of 
photoprotection in a system delivery.

(Gajardo et al., 2016) The Baccharis tola extract has sun protection properties, as well as antioxidant and regenerative activities. Two cosmetic products were developed 
and subjected to several tests of quality control and stability tests, showing remarkable stability and absence of pathogenic microorganisms.

(Bonina et al., 2002) When the extracts were compared with TOC, the EIP values were 59.6 % and 22.0 % for gel formulations of Capparis spinosa L. and TOC, 
respectively. This methanolic extract provides excellent photoprotection to UVB induced skin disturbance. Therefore, it could have important 
applications as a component in cosmeceutical products used in skin alterations, propitiated or sharpened by ROS and the overproduction of free 
radicals.

(Silva et al., 2016) The crude shell extract of Spondias purpurea provided photoprotective activity against UVB (SPF 43.78 ± 0.19 in dilution of 50 mg/mL of ethanol) 
and UVA (this protection was comparated with rutin and benzophenone-3, used as patterns). The phenolic content was 28.68 ± 0.046 mg GAE/g and 
flavonoid content of 2.64 ± 0.005 mg EQ/g extract. The antioxidant activity showed inhibition percentage of 74.41, with EC50 27.11 g/mL.

(Bonina et al., 2000) The results obtained in vitro and in vivo test show that both the total freeze-dried juice and the freeze-dried lipophilic fraction of the leaves of Sedum 
telephium L., have photoprotective effects against induced skin alterations by the UVB rays.

(Mejía-Giraldo et al., 2016b) The characteristics of in vitro photoprotection and the antioxidant activity of the extracts of B. antioquensis are demonstrated, as well as its broad-
spectrum UVA-UVB protection with excellent sensory and photoprotective characteristics. Thus, it can be deduced that it is feasible to employ the 
extract of B. antioquensis as a natural ingredient with photoprotective and antioxidant properties.

(Puertas-Mejía et al., 2015) According to results, the three plants evaluated Bejaria aestuans, Cavendishia pubescens and Cavendishia bracteata could be considered as a 
potential source of natural compounds with UV absorption due to the presence of polyphenols and anthocyanins in the extracts with the TPC value 
(from 15.29-27.35 mg GAE g-1 DS) and TAC value (0.36 - 3.31 mg C3GE g-1 DS) and its antioxidant capacity expressed as EC50 value. The EC50 
values found were 2.64 E-04, 1.96 E-04 and 3.75 E-04 mg μmol-1 DPPH of reaction medium in the reduction of DPPH.

(Mandalari et al., 2013) The EIP of blanch water, a byproduct of the almond processing industry is compared to TOC in a gel formulation; giving the extrac an EIP of 50.5 % 
and TOC of 22.4 %; these results demonstrated an effect of Blanch Water against photooxidative damage in vivo.

(De Oliveira et al., 2015) Rutin addition to UVA filters supplier antioxidant properties to the formulations and were considered safe for human use. It should be noted that rutin 
0.1 % (w/w) plus benzophenone 6.0 % (w/w) increased the SPF from 24.3 ± 1.5 to 33.3 ± 2.9. Besides, the SPF enhanced after irradiation as was the 
case with the control. Nevertheless, this did not happen with blend of rutin and butyl methoxydibenzoylmethane.

(Graziola et al., 2016) The SPF results of dispersions containing M0, MG or MR, free or in combination with commercial UV filters (benzophenone-3 and octyl 
methoxycinnamate) indicated that the microspheres (M0, MG or MR) 5.0 % (w/w) had no photoprotective impact in vitro, and presented no influence 
on the evaluated efficacy when mixed with UV filters. However, in vivo studies proved that these materials had excellent skin compatibility.

(Vicentini et al., 2010) According to the analyzes carried out, it was found that ME + Q is a promising photochemoprotective agent with applicability in humans. This due to 
ME + Q managed to reduce the histological damage caused by UV radiation to which they were subjected in hairless mice.

(Kostyuk et al., 2018) It was possible identify some photostable and nonphototoxic substances, principally phenylpropanoids and glycosylated flavonoids, with UVA 
+ UVB physical, chemical and biological broad-spectrum protection.

(Peres et al., 2015) The association of rutin and UVB filters enhanced notably the critical wavelengths of formulations, evincing a photoprotective improvement 
particularly in the UVA range, presenting this compound as a striking adjuvant for anti-UVB sunscreen.

(Kamel and Mostafa, 2015) The evaluation of designed nanoemulsions demonstrated the improvement of photoprotection effect of the flavonoid rutin, when mixed with common 
physical sunscreen such as TiO2.

(Tomazelli et al., 2018) The rutin has proven to be an excellent antioxidant when mixed with UVA and UVB filters as Butyl methoxydibenzoylmethane (avobenzone) and 
Octyl dimethyl PABA, besides being stable and safe to use in sunscreen formulations.

EIP: Erythema Inhibition Percentage; TOC: Tocopheryl Acetate, ME+Q: microemulsion + quercetin; UVAPF: UVA protection factor, Nv-HA: hydro alcoholic extract of Neoglaziovia 
variegate; gelatin microspheres (M0), gelatin microspheres crosslinked with glutaraldehyde (MG) or rutin (MR); GAE: Gallic acid equivalents; DS: Dry extract; C3GE: cyanidin-3-glucoside 
equivalents; PABA: para-aminobenzoic acid, SPF: Sun Protection Factor.
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predominant absorption of quercetin in the UVA region. In addition, 
the photostability of both polyphenols was analyzed, finding the 
SPF of the rutin stable (SPF= 5.25 ± 0.13) against UV irradiation 
(66 % UVA and 33 % UVB) of 0–6.0 J/cm2, while the quercetin 
passed from an SPF of 4.31 ± 0.10 to 3.16 ± 0.20 under the same 
conditions, demonstrating the photostability of the rutin (Kostyuk 
et al., 2018). This case is the only one that could be conclusive with 
respect to the research question, but because it is a single study and 
it is also not specific regarding the research topic, it could not be 
conclusive to answer the objective question of this review.

Finally, the analysis of this review showed us that there 
remains a broad field of research in terms of the photoprotective 
capacity of natural products and their applications in cosmetic 
formulations, and how it can support the evolution of sunscreens 
and to correct their possible adverse effects, through an 
improvement in their effectiveness, safety and photostability, 
which could be attributed to natural products modified with safe, 
affordable, and economical procedures.

CONCLUSION
This review attempted to systematically analyze the 

current evidence on the photoprotective effects of glycosylated 
polyphenols and aglycones. A total of 21 studies were included in 
this review, which 13 of them evaluated plant extracts, one article 
studied an industrial waste and seven analyzed rutin and quercetin 
in cosmetic formulations. The results and analysis of the scientific 
literature suggest that the studies included in this review provide 
evidence of the protective effect of natural products. However, 

there are no specific investigations that can determine whether 
hydrolyzed polyphenols, such as quercetin and kaempferol, 
could improve the photoprotective effect and photostability with 
respect to their glycosides, which leaves a gap in this field of 
phytochemical research.
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