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Abstract: Rutin, a flavonoid found in various plants, has gained attention for its potential applications
in the cosmetic industry due to its antioxidant, anti-inflammatory, and potential photoprotective
properties. Our review explored the use of rutin (rutoside, 3-O-rutinoside-quercetin) in cosmet-
ics/dermocosmetics, focusing on its physicochemical properties and stability, cutaneous permeability,
and efficacy in sunscreen systems, involving in vitro tests and the current state of clinical trials.
Rutin’s ability to scavenge free radicals, prevent peroxidation, and reduce vascular fragility makes
this flavonoid a promising ingredient for photoprotection. Studies have shown that rutin can enhance
the sun protection factor (SPF) of sunscreen formulations, especially when combined with organic UV
filters. The encapsulation of rutin in nanostructures has also been investigated to improve its applica-
bility. Overall, rutin shows potential as a safe and effective ingredient in cosmetics/dermocosmetics,
offering protection against the harmful effects of UV radiation and oxidative stress on the skin, as
well as being a feasible strategy for developing environmentally friendly multifunctional sunscreens.

Keywords: rutoside; stability; sunscreens; UV filters; dermocosmetics; sun protection factor

1. Introduction

Several bioactive substances are obtained from plant origin, finding applications in
feeding, cosmetic, and medicinal products. Among the most widely used classes are
flavonoids, comprising more than 8000 identified substances, and being broadly recognized
for their properties, including antioxidant, anti-inflammatory, and anti-cancer, among
several others. One of the most well-recognized subgroups of the flavonoid class is the
flavonols (quercetin, mercetin, rutin etc.) [1–5]. Rutin (rutoside, 3-O-rutinoside-quercetin),
also known as vitamin P, is a yellow/green and odorless pigment that develops in the form
of needle crystals [6–8]. This compound has a free radical scavenging capacity and can also
prevent peroxidation promoted by metal ions, as it is a metal chelator [9,10]. Moreover,
it exhibits broad bioactivity, such as reducing vascular fragility, reducing hypertension,
and possessing anti-inflammatory and antioxidant activities [7,11–13]. Such benefits to the
vascular system, particularly the cutaneous superficial microcirculation, help to improve
the efficacy of sunscreens.

Rutin was detected in 1842 in Ruta graveolens (common rue or herb-of-grace) and
later isolated from Caparis spinosa (caper bush). It was classified as rutinic acid, since it is
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soluble in alkaline media, practically insoluble in water (0.13 g/L), and slightly soluble in
alcohols (methanol 55.0 g/L; ethanol 5.5 g/L). Table 1 presents some of the physicochemical
properties of rutin. Its molecular structure (C27H30O16) was elucidated in 1896 (Figure 1),
with the discovery of the link between the sugars (glucose and rhamnose) in the quercetin
molecule [1,6,14,15].

Table 1. Physicochemical characteristics of rutin.

Molecular structure C27H30O16 [16]

Molecular weight 610.518 g/mol [17]

LogP 0.76 ± 0.22; 0.21 ± 0.10 [18]

Melting point 187 ◦C [19]
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oxidative damage to the skin caused by sun exposure, justifying its application in 
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Figure 1. Chemical structure of rutin [16].

The molecular structure of rutin shows aromatic rings and structures capable of reso-
nance. Thus, rutin can be an ally in photoprotection, being able to interact with ultraviolet
(UV) radiation, with the potential to improve the efficacy of sunscreen products [20–22];
however, according to our research group’s experience, rutin’s mechanism of action in
the efficacy enhancement of sunscreen systems could be attributed to other biological
functionalities, like antioxidant and anti-inflammatory properties. Furthermore, it is known
that much of the skin damage caused by UV radiation is related to free radicals formed
during UV exposure [23–28]. Therefore, considering the antioxidant capacity of rutin, it is
believed that it can confer additional protection from oxidative damage to the skin caused
by sun exposure, justifying its application in multifunctional photoprotective formula-
tions [29–32]. It is still worth highlighting that this bioactive compound is biocompatible,
and thus possesses a suitable profile to be used in cosmetic formulations [23,33–36]. In this
narrative review, we provide a comprehensive description of the scientific reports exploring
the potential use of rutin in the development of photoprotective formulations, discussing
its physicochemical and functional properties, such as its antioxidant, anti-inflammatory,
and photoprotective effects. We also examine the physicochemical stability of cosmetic
preparations containing rutin and its cutaneous permeability, highlighting its relevance
to cosmetology. Additionally, we discuss the efficacy of rutin in sunscreen systems, both
in vitro and in vivo, and also explore the potential use of nanotechnology.

2. Physicochemical Stability of Cosmetic Preparations Containing Rutin

Rutin presents limited liability and solubility, making its inclusion into formulations
challenging (Figure 2). However, due to its compatibility with different excipients/starting
materials used in the preparation of formulations, the possibility of synergies with other
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compounds, and its potential for distinct biological activities, rutin continues to be the
target of studies on use in topical applications. Rutin has been successfully incorporated
into semi-solid systems for cosmetic applications after being previously dissolved in an
alkaline (the pH value of the product can be adjusted to 5–7 by the end of the formulation
production) or hydroalcoholic media, by using heat (aqueous medium) or tensoactives
such as sodium lauryl sulfate [17,37–44].
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The development of cosmetic formulations requires the rigorous selection of starting
materials, careful technological processes, and the validation of the analytical methodology
used to determine the active substance(s), ensuring the quality (physical, physicochemical,
chemical, microbiological, and toxicological aspects), safety, efficacy, acceptance, and
adherence of the final product by the consumer [45–47].

Several extrinsic and intrinsic factors influence the stability of formulations:

(i) Extrinsic factors—external conditions to which cosmetic products are exposed, such
as temperature, light, oxygen, humidity, packaging materials, microorganisms, and
movement, among others;

(ii) Intrinsic factors—related to the nature of the formulation and the interactions among
the components, leading mainly to physical and chemical incompatibilities [48,49].

Stability studies of cosmetic products aim to provide information indicating the relative
stability of a product under various exposure conditions until the end of its shelf life. These
studies should guide the development procedures, including the selection of formulation
components, presentation form, alternative packaging materials, and confirmation of the
estimated shelf life [48–50].

Preliminary Stability Evaluation (PSE) involves numerous formulations and tests
applying extreme conditions of temperature, gravity, and humidity to select substances
with the best physicochemical stability. Typically, preparations undergo centrifugation and
thermal stress tests. PSE allows the formulator to choose which formulas, among those
subjected to several tests from the development stage, are apparently stable [48–50]. Velasco
and collaborators developed 14 oil-in-water (O/A) emulsions, containing 5.0% w/w of
the commercial extract of Trichilia catigua Adr. Juss (and) Ptychopetalum olacoides Bentham,
as a source of rutin. PSE facilitated the identification of signs of instability in certain
samples, such as phase separation, color alteration, and creaming [51]. Formulations
showing modifications after the test should be rejected, or possible modifications for
improved stability should be investigated. Those showing better performance are subjected
to Accelerated Stability Testing.

The Accelerated Stability Test acts as a guide in predicting the stability of a product
under harsh storage conditions in a shortened timeframe. Samples are stored under extreme
temperature and light conditions such as the following: 22.0 ± 0.5 ◦C (room temperature);
5.0 ± 0.5 ◦C; temperature cycles ranging from −10 ± 0.5 ◦C to +45 ± 0.5 ◦C; −10 ± 0.5 ◦C;
exposure to indirect or direct sunlight; in an oven under 37.0 ± 0.5 ◦C to 50.0 ± 0.5 ◦C.
They are carefully evaluated after the tests, and the best-performing samples are selected
for sequential testing in the Normal Stability Test [49]. The evaluated parameters include
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appearance, color, odor, pH value, and apparent viscosity, indicating possible physical and
physicochemical changes.

Our research group has previously determined the stability profiles of two emulsified
systems containing 5.0% w/w of a commercial extract, standardized in total flavonoids
quantified as rutin, through the Normal Stability Test [52]. The systems differed in the
absence or presence of 2.0% w/w of soy lecithin as an additional tensoactive. The total
analysis period was 90 days, with tests on the 3rd, 7th, 15th, 30th, 60th, and 90th days.
The storage conditions were: 40.0 ± 0.5 ◦C; exposure to indirect and direct sunlight at
room temperature (24.0 ± 2.0 ◦C); and 5.0 ± 0.5 ◦C. The evaluated parameters were
the organoleptic characteristics, pH value, apparent viscosity (cP), and total flavonoid
content, expressed as rutin equivalents, remaining in the samples (µg/mL) [52]. The
quantification of rutin was performed through UV spectrophotometry at 361.0 nm [53–55].
Under the storage conditions at 24.0 ± 2.0 ◦C and 5.0 ± 0.5 ◦C (refrigerator), the samples
showed reduced degradation of rutin content compared to the levels determined after
their preparation. The sample without soy lecithin exhibited a reduction in the bioactive
compound of 3.36% in the room temperature condition and 0.68% in the refrigerator after
90 days of storage. Although there was a variation in the pH value in the refrigerator
condition, the concentration of total flavonoids was considered satisfactory, indicating that
a pH value change in the range of −13.8% to −5.2% did not increase rutin degradation. For
the sample with soy lecithin, at the end of the 90-day analysis, the percentage reductions
were 6.38% and 1.31% for the room temperature and refrigerator conditions, respectively. In
the oven condition (40.0 ± 0.5 ◦C), after 90 days, rutin deteriorated to a greater extent due
to the temperature effect, indicating the chemical degradation of the active substance for
both samples. There were reductions of 34.16 and 35.12% in the rutin concentration in the
systems without and with lecithin, respectively [51]. Considering that the evaluation of the
stability of emulsified systems is usually conducted empirically, the protocol used in this
work offers advantages by systematically establishing experimental assays and objective
criteria for the acceptance/rejection of samples in a short period [52–56].

Overall, flavonoids are sensitive to the presence of metals, UV radiation, temperature,
and hydrolysis, which sensitivity is accelerated directly and proportionally to the temper-
ature increase [57–59]. Bilia and collaborators evaluated the stability of flavonoids, as a
dry extract with or without the addition of a mixture of ascorbic acid and citric acid, under
storage conditions at room temperature and in an oven for periods of 90 and 45 days [60].
The researchers found the flavonoids to be stable, and observed that the presence of the
antioxidants did not affect the stability of the dry extract. Thus, it can be suggested that the
absence of a vehicle or cosmetic form containing water contributes to the stability and con-
tent of flavonoids. This highlights the importance of a careful selection of pharmaceutical
adjuvants (starting materials) to favor the chemical stability of rutin. Therefore, another
possible explanation for the high kinetics of rutin deterioration in the presence or absence of
lecithin could be the inadequate concentration of, for example, the chelating/sequestering
agent sodium heptanoate at 0.1% w/w [51]. Banov and coworkers evaluated the stability
of gels and emulsions containing Ginkgo biloba L. extract, standardized in total flavonoid
content, and the chelating/sequestering agent EDTA Na2. The results show the suit-
ability of this agent in maintaining the quantified levels of total flavonoids according to
the Normal Stability Test, at a concentration of 0.1% w/w and under oven conditions
(40.0 ± 0.5 ◦C) [61].

Additionally, Nishikawa and coworkers developed hydroalcoholic gel systems
(10.0% w/w cereal alcohol) based on polyvinyl alcohol with 0.05% w/w rutin [62]. The
authors aimed to obtain a suitable vehicle containing the bioactive compound for facial
application as a peel-off mask. The samples differed by the absence or presence of EDTA
Na2 at 0.1% w/w. The stability study was conducted for 45 days, and the samples were
stored at 22.0 ± 2.0 ◦C, 5.0 ± 0.5 ◦C, and 40.0 ± 0.5 ◦C. The quantitative content of rutin was
determined by first-order derivative spectrophotometry at 410.0 nm [53,63]. The authors
found that the presence of the chelating agent, at the employed concentration, improved



Cosmetics 2024, 11, 141 5 of 15

the stability of rutin in the peel-off mask under room- (22.0 ± 2.0 ◦C) and low-temperature
storage conditions. In the sample without EDTA Na2, the bioactive compound degraded
under all storage conditions. It was also observed that the pH values of both samples
tended to decrease when stored at 40.0 ± 0.5 ◦C. However, as also noted by Velasco
and collaborators, this did not interfere with the chemical stability of rutin [51]. Thus,
Nishikawa and coworkers (2007) concluded that the chelating agent increased the stability
of the bioactive compound in hydroalcoholic gel systems when stored at room and low
temperatures [62]. Under the storage conditions of 40.0 ± 0.5 ◦C, the presence of EDTA
Na2 did not inhibit rutin degradation, contrary to the findings of Banov and coworkers
as mentioned above [61], reinforcing the interpretation that higher water contents in the
vehicle intended to carry rutin necessitate additional care in the selection and concentration
of pharmaceutical adjuvants.

3. Cutaneous Permeability of Rutin: Relevance to Cosmetology and Photoprotection

Bioactives must reach the site of action at a sufficient concentration for their effec-
tiveness. Therefore, rutin, when formulated in different cosmetic forms, should mainly
located on the outer layers of the skin, its target tissue, to satisfactorily exert its protec-
tive effects [34,64]. Experiments on the release of active ingredients provide data on the
behavior of the active component in semi-solids, supporting the characterization and com-
parison of formulations, the evaluation of production quality, and batch-to-batch uniformity.
Therefore, it is essential to compare the performance of products under development with
those available on the market [64]. In vitro penetration studies offer advantages such as
cost-effectiveness, rapid results acquisition, experiment condition control, and the ability to
assess a greater number of assays and replicas, among others. The ideal situation would
be to use human skin as a model; however, the limited availability of this type of material,
the need to submit the experiment to an Ethics Committee, and the difficulties and costs
associated with storage and viability restrict its use [64]. As alternatives to human skin,
researchers use experimental animal skin, synthetic membranes, and three-dimensional
cultures, such as reconstructed epidermis. There is an interest in using shed snake skin
as a substitute model for human skin, and researchers have evaluated its applicability in
permeation studies, finding favorable responses [64].

Baby and coworkers developed emulsions containing 5.0% w/w rutin, differing in the
presence of urea, isopropanol, and/or propylene glycol at 2.5 or 5.0% w/w (concentrations
and combinations defined according to a two-level experimental factorial design) [64,65].
The authors evaluated the release profile and, subsequently, the skin penetration of the
bioactive compound in vertical diffusion cells for 6 h, using cellulose acetate membrane
and a biomembrane model (shed skin from Crotalus durissus snake). The rutin content in
the receptor compartment was quantified by spectrophotometry at 410.0 nm [64]. Rutin
dissolution was found to be a limiting factor in the diffusion process (zero-order model) [65].
Nonetheless, higher amounts of released and accumulated rutin over time were found with
propylene glycol addition (5.0% w/w). Since the presence of propylene glycol showed a
tendency to be more suitable in favoring the release of rutin from the investigated sample,
this formulation was selected for further studies with shed skin from Crotalus durissus,
as a model biomembrane. Even though the spectrophotometric method used in this
investigation had a limit of quantification value equal to 0.308 µg/mL, no penetration of
rutin through the model’s biomembrane was observed over 6 h. The authors attributed
this behavior to the reduced logP of rutin (−0.69), since similar results were reported in
other permeation studies of flavonoids using human and pig skin [18]. Valenta, Nowack,
and Bernkop-Schnürch observed the penetration of rutin through rat skin and suggested
that it interacted with the membrane model, in agreement with the results obtained in shed
snake skin [63].

In a study of the penetration of quercetin and its 3-O-acyl esters through abdominal
human skin, the authors proposed the duration of the experiment as an extremely relevant
factor [66]. In their opinion, the diffusion assay should be conducted for at least 22 h, as
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only after long time intervals was the identification and quantification of quercetin in the
receptor fluid of the diffusion cells possible. To verify whether the experimental duration
in this research was appropriate, Baby and collaborators conducted a diffusion assay for
52 h [64]. Despite not being able to detect rutin in the receptor compartment after this
interval, they were successful in quantifying the rutin retained in the model membrane,
finding 0.931 + 0.039 µg/mg after just 6 h, thus confirming that rutin is significantly retained
in shed snake skin.

The association of rutin with nanostructures has been used to aid the penetration
of this active ingredient into deeper layers of the skin, and to thus improve the action
of this compound in the deeper layers of the epidermis [8,67–69]. In vitro studies using
nanostructures such as nanocrystal, glycerosomal, and microencapsulated nanostructured
lipid carriers showed enhanced permeation of the active ingredient, demonstrating the
potential of these nanocarriers for use in bioactive delivery [70–73]. The encapsulation
into ethosomes was also found to improve rutin penetration ex vivo, which was attributed
to the characteristics of the nanostructure, since these malleable vesicles can facilitate the
passage of the active ingredient to deeper skin layers [23]. These studies indicate that this
strategy should be considered in the development of photoprotective formulations. A
compilation of reports from the literature on different nanostructures used to enhance rutin
skin penetration/permeation is presented in Table 2.

Table 2. Nanostructures that promote enhanced skin permeation of rutin.

Nanostructure Method References

Transethosomal In vitro skin permeation in diffusion cells
using albino rat skin [74]

Ethosome
In vitro skin permeation in diffusion cells

using albino rat skin and ex vivo skin
penetration in human skin by tape stripping

[23,75]

Nanocrystal Ex vivo skin permeation by tape stripping on
porcine skin ears [73,76]

Liposome-in-hydrogel
complex system In vitro skin permeation using rat skin [77]

Gelatin nanocapsules In vitro skin permeation in diffusion cells
using porcine ears skin [36]

Chitosan/tripolyphosphate
nanoparticles

In vitro skin permeation in diffusion cells
using porcine skin ears [31]

Phytosomes In vivo skin permeation in diffusion cells
using rat skin [78]

Ionic liquid-polymer
nanoparticle

In vitro skin permeation in diffusion cells
using polydimethylsiloxane membrane [79]

Transfersomes In vitro skin permeation in diffusion cells
using rat skin [67]

Proniosome Diffusion cells using egg membrane [43]

Despite the technologies used to improve rutin penetration/permeation across the
epidermis and dermis with different levels of success, this is still a challenging task that
must be investigated in parallel with the establishment of safety and efficacy in the new
strategies, which is pertinent to the function of the product/system and its target site.

4. Rutin and Sunscreen Systems: In Vitro and In Vivo Efficacy Assessment

As previously discussed, rutin exhibits poor penetration/permeation through the
skin, being retained within the stratum corneum and, therefore, being appropriate for
topical formulations [64,80–82]. The observed superficial action profile of rutin, related to
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its aglycone counterpart, aligns with the desired characteristics of sunscreens, which ideally
should remain predominantly at the application site’s surface [66,70,72,73,83]. Other factors,
combined with the stability of this bioactive compound in topical vehicles, support the
incorporation of rutin into dermocosmetics designed for skin protection against UVA and
UVB radiations (Figure 3) [12,64,80]. The structural resemblance of flavonoids with organic
UV filters and the antioxidant properties inherent to polyphenolic compounds indicate the
potential to prevent photooxidative stress in the skin. Additionally, the absorption spectra
in the UV radiation region position this compound as a promising candidate for providing
complementary or adjuvant photoprotective activity [4,14,84–87].
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Velasco and coworkers showed, based on reflectance spectrophotometry with an
integrating sphere, that the inclusion of rutin in photoprotective formulations, isolated or
combined with octyl p-methoxycinnamate (UVB filter) and benzophenone-3 (UVA filter) in
varying proportions, enhanced the in vitro the sun protection factor (SPF) and protected
against UVA radiation [14]. Notably, 0.1% w/w rutin increased the estimated SPF value
from 7.34 ± 0.24 to 9.97 ± 0.18, in the presence of octyl p-methoxycinnamate at 3.5% w/w
and benzophenone-3 at 1.0% w/w, representing an increase of 2.63 units. Interestingly,
the combination of rutin at 0.1% w/w with filters at a maximum concentration (octyl p-
methoxycinnamate at 7.0% w/w and benzophenone-3 at 2.0% w/w) did not result in a
significant increase in the SPF value. The combination of rutin with organic UV filters,
at various concentrations, resulted in a reduction in the critical wavelength (λC) and the
UVA/UVB ratio. The photoprotective interaction between rutin and the UV filters was
found to be concentration-dependent. Based on these results, it is plausible to suggest
that an interaction occurred between the active ingredients, leading to a decrease in UVA
protection that rutin has the potential to induce [14].

UVA radiation directly impacts the dermal compartment of the skin, and it is well-
established that this radiation contributes significantly to skin photoaging [84,88–92]. The
primary cumulative effects of UVA radiation (320–400 nm) include the generation of reac-
tive oxygen species and alterations in tumor suppressor genes, such as p53. UVA radiation
is further categorized into UVA II (320–340 nm) and UVA I (340–400 nm). It is known
that UVA I radiation induces damage to dermal fibroblasts, leading to the induction of cy-
tokines, matrix metalloproteinases, and mutations in mtDNA [93–96]. In a complementary
study, Baby and coworkers expanded upon the research to determine the in vitro anti-
UVA I efficacy of the previously described photoprotectors [97]. The anti-UVA I efficacy
was assessed through diffuse reflectance spectrophotometry with an integrating sphere,
followed by mathematical treatment [98,99]. The outcomes indicate that formulations
containing octyl p-methoxycinnamate at 3.5% w/w and benzophenone-3 at 1.0% w/w,
and formulations with octyl p-methoxycinnamate at 7.0% w/w and benzophenone-3 at
2.0% w/w (representing a twofold increase in filter concentration), did not provide a
directly proportional escalation in anti-UVA I protection. This observation persisted de-
spite a substantial increase in SPF from 7.34 ± 0.24 to 14.63 ± 2.05 [14], a finding also
supported by other studies that established that the SPF value is directly dependent on
the concentration of filters utilized [99,100]. Contrastingly, Baby and coworkers found
that increasing the proportion of UV filters did not inherently result in a proportional
enhancement in protection against UVA radiation [97]. Samples with rutin at 0.1% w/w
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combined with filters at intermediate concentrations yielded a modest increase in anti-UVA
I protection, a phenomenon not replicated in samples with the doubled proportion of octyl
p-methoxycinnamate and benzophenone-3. The authors attributed this behavior to the elec-
tronic stabilization–destabilization mechanism of UV filter molecules (resonant structures),
influenced by the presence of rutin. However, given that the concentration of UV filters
in the aforementioned samples was at least ten times higher than that of rutin, it can be
proposed that the maximal proportions of octyl p-methoxycinnamate and benzophenone-3
may have hindered the potential adjuvant photoprotective effect of rutin. In terms of the
estimated anti-UVA efficacy, benzophenone-3 made a limited contribution to the augmen-
tation of its UV radiation-absorbing effects with the respective increase in concentration in
the systems proposed by Velasco and coworkers, and by Baby and coworkers [14,97].

Considering in vivo studies, the use of rutin was evaluated by incorporating this
bioactive into a photoprotective formulation containing butyl methoxydibenzoylmethane
and octyl dimethyl PABA, resulting in an increase in the SPF of the formulation by around
70% compared to the formulation without the compound (in vivo SPF 12.4 with rutin
and SPF 7.3 without rutin). This fact can be attributed mainly to the anti-inflammatory
activity of rutin, which results in a reduction in erythema and consequently increases the
photoprotective action [34]. Polyphenolic compounds present a diverse array of biological
properties, encompassing antiallergic, anti-inflammatory, hepatoprotective, vasoactive,
antithrombotic, antioxidant, free radical scavenging, antitumor, antibacterial, and antipro-
tozoal actions, among others [23,34,101,102]. Considering the presence of polyphenols,
studies were conducted to investigate the photoprotective properties of various plants,
including Aloe, Helichrysum, Chamomile, Hamamelis, Cinnamomum, Camellia, Rosa,
Ginkgo, and Polypodium, among others [103]. In a clinical study on the dorsal skin of
rats, Aronia melanocarpa (black chokeberry), whose extract composition is rich in rutin
and chlorogenic acid, significantly influenced the reduction in the severe effects of UVB
radiation, such as erythema, excoriation, and scarring, after topical treatment for 7 days.
Furthermore, it was clear that the extract reduced the thickening of the epidermis, as well as
the degradation of fibroblasts and collagen, in addition to helping to reduce the inhibition
of collagen production [104].

In this context, Velasco and coworkers developed sunscreens containing rutin and ex-
tracts of Passiflora incarnata L. and Plantago lanceolata associated or not with chemical (octyl
p-methoxycinnamate and benzophenone-3) and physical filters (TiO2) [105]. The extracts
were chosen as potential bioactive compounds for sunscreens due to their phytochemi-
cal compositions, which also included polyphenolic compounds [106–109]. The authors
standardized the concentrations of the mentioned extracts in the samples based on their
total flavonoid contents, expressed in rutin, which has been previously quantified [51–53].
The concentrations of P. incarnata L. and P. lanceolata extracts in the photoprotective for-
mulations were 1.68 and 2.78% w/w, respectively, corresponding to 0.1% w/w of rutin.
Chemical filters were incorporated at different concentrations [14,97], while TiO2 was used
at 1.0% or 2.0% w/w. The formulated samples exhibited a range of in vitro SPF values,
spanning from 0.972 ± 0.004 (control, without active compounds) to 28.064 ± 2.429 (P.
lanceolata extract at 2.78% w/w, octyl p-methoxycinnamate at 7.0% w/w, benzophenone-3 at
2.0% w/w, and TiO2 at 2.0% w/w). The best SPF values were observed in samples contain-
ing rutin (27.574 ± 2.055) or P. lanceolata extract (28.064 ± 2.429) combined with filters at
their maximum concentrations, which values were significantly higher than the SPF of the
control (24.256 ± 3.276), clearly demonstrating the activity of rutin or the P. lanceolata extract.
Unexpectedly, the inclusion of P. incarnata L. extract led to a significant reduction in the
SPF value when associated with octyl p-methoxycinnamate at 7.0% w/w, benzophenone-3
at 2.0% w/w, and TiO2 at 2.0% w/w, resulting in a decrease of approximately four SPF
units. A similar trend was observed for the combination of P. lanceolata extract with octyl
p-methoxycinnamate at 3.5% w/w, benzophenone-3 at 1.0% w/w, and TiO2 at 1.0% w/w,
causing a reduction in anti-UVB efficacy by approximately seven SPF units. The authors
justified this observed phenomenon by considering factors such as vehicle composition,
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the presence of inorganic filters, the quantitative composition of organic filters, and the
phytochemical compositions of P. incarnata L. and P. lanceolata extracts [105].

Organic filters represent active compounds widely employed in diverse cosmetic for-
mulations, particularly in sunscreens. These filters mitigate the impacts of UV radiation on
the skin by absorbing radiation through the promotion of electrons from the lowest-energy
molecular orbital (highest occupied molecular orbital—HOMO) to a higher energy value
(lowest unoccupied molecular orbital—LUMO). Considering this mechanism, it is con-
ceivable that the phytochemical compositions of extracts, with the presence of flavonoids
as electronegative polyphenolic compounds, might have facilitated the stabilization of
the filter system, augmenting the energy gap between HOMO and LUMO. As energy is
inversely proportional to wavelength (nm), this could result in a shift in the maximum
wavelength to values below 290 nm, thereby leading to a decrease in SPF. Conversely, an
opposing effect could have favored anti-UVA protection, potentially pushing the maximum
wavelength beyond 320 nm, justifying improvements in the in vitro anti-UVA efficacy of
bioactive photoprotectors [33,105].

From a practical standpoint, when UV filters were combined with bioactive compounds
in a complex medium like an emulsion, a distinct photochemical profile emerged, deviating
from that identified for isolated bioactive compounds. Consistent with the findings of Velasco
and coworkers, Dondi and coworkers also discovered interactions in the associations between
bioactive compounds and UV filters (such as octyl p-methoxycinnamate and avobenzone),
and noted that these interactions were concentration- and media-dependent [105,110].

Considering the limited solubility of rutin in topical formulations and the possibility
of negative interactions with the organic filters, the encapsulation of rutin can offer an
interesting alternative to improve its benefits in photoprotective samples, such as by
enhancing photostability, active compound incorporation, safety, and efficacy. Also, when
using rutin, the amounts of chemical filters could be reduced, which is an important
approach to preventing adverse effects, toxicity, and also ecological impacts [70,111–116].

The encapsulation of rutin into gelatin nanostructures (R-NC) was evaluated by
Oliveira and collaborators, which demonstrated in vitro the photoprotective efficacy of this
nanostructure by creating a possible adjuvant UV filter with higher wavelength ranges
in the UVB and UVA regions compared to free rutin. The effect was attributed to the
interaction of R-NC with the skin surface, resulting in a protective film capable of reflecting
and sequestering UV radiation [111]. Also, the formulation containing R-NC and the
filters ethylhexyl dimethyl PABA, ethylhexyl methoxycinnamate and butyl methoxydiben-
zoylmethane resulted in a 48% increase in the SPF determined in vitro, attributed to a
synergistic effect among the components of the formulation. However, these results were
not corroborated when R-NC was evaluated in vivo, since the nanostructures failed to
enhance the SPF [36].

5. Conclusions

Among the flavonoids, the multifaceted properties of rutin (antioxidant and anti-
inflammatory, for instance) make it a promising candidate for inclusion into cosmet-
ics/dermocosmetics, particularly in photoprotective products, combined with its biocom-
patibility (safety), relative stability, and low cost. However, the successful incorporation
of rutin into formulations requires the careful consideration of its interactions with other
components. In vitro and in vivo studies have demonstrated rutin’s ability to enhance the
sun protection factor (SPF) of sunscreen systems, mainly by acting in synergy with some
organic UV filters. Nonetheless, the efficacy of rutin in sunscreens can be influenced by its
concentration, formulation composition, and interactions with other UV-active ingredients.
The encapsulation/association of rutin in nanostructures has been explored as a strategy to
improve its photoprotective properties, although further research is needed to optimize
its efficacy in vivo. Overall, rutin shows potential as a bioactive compound for use in
photoprotective formulations toward environmental-friendly sunscreens, i.e., with the
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maintenance or improvement of efficacy, while keeping or reducing the concentration of
organic UV filters and also providing multiple benefits for the cutaneous tissue.
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