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Solanum paniculatum, commonly known as jurubeba-verdadeira, is a species native to Brazil with several
uses in cooking and traditional medicine. This study aimed to conduct a preliminary phytochemical analysis
and evaluate the photoprotective and antioxidant activities of leaf and bark extracts from a specimen of
S. paniculatum found in the southern region of Mato Grosso do Sul. Qualitative analytical tests were
performed on ethanolic and aqueous extracts to identify the main classes of secondary metabolites. Sun
protection factor (SPF) was evaluated in vitro using the spectrophotometric method, and the antioxidant
potential was determined using the free radical reduction methods DPPH" (2,2-diphenyl-1-picrylhydrazyl)
and ABTS™ (2,2"-azinobis-3-ethylbenzothiazoline-6-sulfonic acid). Phenols, flavonoids, tannins, and total
alkaloids were quantified using spectrophotometry in the visible region. Phytochemical analysis revealed
the presence of alkaloids and tannins in extracts from both plant parts, while flavonoids, triterpenes,
steroids, and purines were only detected in leaf extracts. In general, the extracts exhibited high levels of
alkaloids and phenolic compounds, effectively eliminated free radicals, demonstrated significant
antioxidant potential, and showed promise for use in photoprotective formulations. These results suggest
that photoprotective and antioxidant activities are related to the presence of alkaloids and phenolic
compounds quantified in this study.
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Solanum paniculatum, conhecida popularmente como jurubeba-verdadeira, ¢ uma espécie nativa do Brasil
com diversos usos na culinaria ¢ na medicina tradicional. O presente estudo objetivou realizar a analise
fitoquimica preliminar e avaliar as atividades fotoprotetora e antioxidante dos extratos das folhas e cascas
de um espécime de S. paniculatum que ocorre na regido sul de Mato Grosso do Sul. Os extratos etandlicos
e aquosos foram submetidos a testes analiticos qualitativos para identificar as principais classes de
metabolitos secundarios. O Fator de Protecdo Solar (FPS) foi avaliado in vitro pelo método
espectrofotométrico e o potencial antioxidante foi determinado pelos métodos de reducdo dos radicais livres
DPPH® (2,2-difenil-1- picrilidrazila) e ABTS™" (2,2’-azinobis-3-etilbenzotiazolina-6-acido sulfonico).
A quantificagdo de fenois, flavonoides, taninos e alcaloides totais foi realizada por espectrofotometria na
regido do visivel. Na analise fitoquimica, alcaloides e taninos foram identificados nos extratos de ambas as
partes da planta, enquanto flavonoides, triterpenos e/ou esteroides e purinas foram detectados apenas nos
extratos das folhas. De modo geral, os extratos apresentaram teores consideraveis de alcaloides e compostos
fenodlicos, foram eficazes na eliminag@o dos radicais livres, exibindo consideravel potencial antioxidante e
mostraram-se promissores para formula¢des fotoprotetoras. Os resultados sugerem que as atividades
fotoprotetora e antioxidante estdo relacionadas a presenca de alcaloides e compostos fendlicos,
quantificados neste estudo.

Palavras-chave: fitoquimica, radicais livres, fotoprotegao.

064602 — 1



A.F.G. Silva et al., Scientia Plena 21, 064602 (2025) 2

1. INTRODUCTION

Natural products, especially plants, have great potential for human health and have been used
for therapeutic purposes since ancient times [1]. Several studies have demonstrated that essential
oils, plant extracts, and pure substances isolated from plants have important, proven biological
properties, including antimicrobial, antitumor, photoprotective, and antioxidant activities [2].

Plant extracts rich in antioxidants, such as polyphenols, have been used in topical cosmetic
formulations containing UV filters. The ability of these extracts to absorb solar radiation,
combined with their antioxidant activity, enhances the final protection of the product. In addition,
they neutralize free radicals produced in the skin after sun exposure. This makes them a good
option for photoprotective products because of their preventive action against photoaging [3, 4].

Solanaceae Juss is a subcosmopolitan plant family comprising 98 genera and approximately
2,500 species [5, 6]. In Brazil, 36 genera and approximately 500 species are distributed across all
phytogeographic domains, notably the Atlantic Forest, Amazon region, and Cerrado [7]. Several
species are of great economic relevance and have food and medicinal uses, such as Solanum
lycopersicum (tomato), Solanum tuberosum (potato), and Nicotiana tabacum, which is cultivated
worldwide for tobacco production [8].

Solanum paniculatum L. is a Solanaceae native to Brazil and is popularly known as jurubeba-
verdadeira. This shrub can reach up to 2 meters in height and has alternate, petiolate, sinuous, and
sublobed leaves; small, bluish or violet flowers; and globose and glabrous fruits. True jurubeba
is commonly found in pastures, perennial crops, orchards, vacant lots, and along roadsides [9].

The species is widely used in traditional medicine, where the leaves, flowers, roots, and fruit
are prepared for various purposes, including treating anemia, digestive disorders, liver problems,
and as healing agents [10, 11]. S. paniculatum is included in the National List of Medicinal Plants
of Interest to SUS (RENISUS), which comprises plants with potential for the study and
development of products for the Unified Health System [12].

Chemical and biological studies on S. paniculatum have reported the presence of phenolic
compounds, alkaloids, and saponins, as well as significant biological properties, such as
antioxidant, hepatoprotective, cytotoxic, antibacterial, and larvicidal activities [13-17].

However, studies on the photoprotective potential of this species are limited. Thus, this study
aimed to conduct a preliminary phytochemical analysis and evaluate the photoprotective and
antioxidant activities of ethanolic and aqueous extracts from the leaves and bark of a
S. paniculatum specimen from the southern region of the state of Mato Grosso do Sul.

2. MATERIAL AND METHODS

2.1 Chemicals

The reagents used in the tests were of analytical grade. Gallic acid, anhydrous sodium
carbonate, aluminum chloride, ferric chloride, Folin-Denis reagent, tannic acid, hydrochloric acid,
and 1,10-phenanthroline were purchased from Dindmica® (Brazil). Potassium persulfate was
obtained from Neon (Brazil), and yohimbine.HCI from Purifarma (Brazil, with identity confirmed
by UV spectroscopy). Folin-Ciocalteu reagent, ABTS - 2,2'-azino-bis (3-ethylbenzothiazoline-6-
sulfonic acid), DPPH - 2,2-diphenyl-1-picrylhydrazyl, and quercetin were purchased from Sigma-
Aldrich (Brazil).

2.2 Collection of plant material

Plant material (leaves and bark) was collected in June 2023 near the Forest Garden of the
municipality of Mundo Novo, state of Mato Grosso do Sul, Brazil (23°55'44” S and
54°17'25” W). An exsiccate was deposited in the “Ernesto Vargas Batista” herbarium of the State
University of Mato Grosso do Sul under number 315. The project was registered on the SisGen
platform under number A908622.
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2.3 Preparation of extracts

The leaves (134.6 g) and bark (34.1 g) were air-dried and ground in a Wiley mill. Half of the
samples were extracted using 99.8% PA ethanol. The resulting extracts were filtered and
concentrated under reduced pressure at 40 °C using a Quimis® rotary evaporator. This process
yielded 6.50 g of ethanolic leaf extract and 1.01 g of bark extract. For the aqueous extracts,
distilled water at 98 °C was added to the leaves and the bark. After 30 minutes, the material was
filtered and lyophilized. This process yielded 6.86 g of leaf extract and 2.29 g of bark extract.

2.4 Phytochemical analysis

Preliminary phytochemical analysis of the crude ethanolic and aqueous extracts was
performed according to classical methodology, through qualitative chemical reactions specific to
each class of secondary metabolites [18]. Alkaloids were tested using Bouchardat, Dragendorff,
Wagner, and Mayer reagents; flavonoids using the Shinoda reaction; triterpenes and/or steroids
using the Lieberman-Burchard reaction; tannins using ferric chloride; and saponins using the
foam index after shaking the solution and neutralizing it with sodium carbonate. Sesquiterpene
lactones and other lactones were analyzed using hydroxylamine hydrochloride and ferric chloride
reagents, and purines were analyzed using hydrogen peroxide.

2.5 Quantification of phenols, flavonoids, tannins and total alkaloids

The total phenol content was determined using the Folin-Ciocalteu method [19]. Folin-
Ciocalteau reagent and 7.5% Na,CO; were added to 1 mL of each sample (1 mg.mL™). After
1 hour and 30 minutes, the absorbance was measured at 750 nm in a Tecnal UV-5100
spectrophotometer. The dosage was obtained by interpolating the absorbance against a gallic acid
calibration curve (15.625 to 250 pg.mL™), and the results were expressed in mg of gallic acid
equivalent per g of sample (mg GAE.g™).

Flavonoid quantification was performed using the colorimetric method with aluminum
chloride [20]. AICI; to 10% and distilled water were added to 1 mL of each sample (1 mg.mL™).
After 30 minutes, the absorbance was measured at 420 nm using a Tecnal UV-5100
spectrophotometer. The total flavonoid content was determined using a quercetin standard curve
(15.625 to 250 pg.mL™). The results were expressed in mg of quercetin equivalents per g of
sample (mg QE.g™).

Total tannin content was determined using the Folin-Denis method with modifications [21].
Folin-Denis reagent, 7.5% Na>COs, and distilled water were added to 1 mL of each sample
(1 mg.mL™"). After 40 minutes, the absorbance was measured at 725 nm using a Tecnal UV-5100
spectrophotometer. The total tannin content was determined using a calibration curve with tannic
acid (15.625 to 250 pg.mL™). The results were expressed as mg of tannic acid equivalent per g of
sample (mg TAE.g™).

Total alkaloid content was measured using the 1,10-phenanthroline method [22]. FeCl; in
hydrochloric acid and 1,10-phenanthroline were added to each sample solution (1 mg.mL™"). After
30 minutes in a hot water bath (70°C), the absorbance was measured at 510 nm using a Tecnal
UV-5100 spectrophotometer. Alkaloid content was determined using a yohimbine.HCI standard
curve (62.5 to 500 pg.mL™"). The results were expressed as mg of yohimbine equivalent per g of
sample (mg YE.g™).

2.6 Antioxidant activity
The antioxidant activity of the samples was evaluated using the stable free radical scavenging

method with 2,2-diphenyl-1-picrylhydrazyl (DPPH") [23]. A 1 mL aliquot of the sample solutions
(12.5 to 100 pg.mL") was added to 2 mL methanolic DPPH solution (40 pg.mL™). After
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30 minutes, the absorbance of the reaction mixtures was measured at 515 nm using a Tecnal
UV-5100 spectrophotometer.

Another common method is based on the sample's ability to scavenge the 2,2'-azinobis-3-
ethylbenzothiazoline-6-sulfonic acid (ABTS™) cation [23]. ABTS™" was produced by reacting a
7 mM ABTS solution with a 140 mM potassium persulfate solution at room temperature in the
dark for 16 hours. The ABTS™™ (2 mL) solution was added to 1 mL of the sample (12.5 to
100 pg.mL™") and after 6 minutes, the absorbance was measured at 734 nm in a Tecnal UV-5100
spectrophotometer.

According to the equation below, the percentages of reduction of DPPH"and ABTS™" radicals
and the ICso values (inhibitory concentration required to reduce the radicals by 50%) were
determined by extrapolating the regression analysis. Quercetin was used as the positive control
and was prepared under the same conditions as the samples.

% Reduction (Radical) = [ Acontrol = Asample/ Acontrol] X 100

Where: Aconot 1S the initial absorbance of the radicals, and Asmple corresponds to the
absorbance of the radicals in the medium after reacting with the sample.

2.7 Determination of Sun Protection Factor (SPF)

The UVB-SPF of the extracts was determined using the method proposed by Mansur et al.
(1986) [24]. This method determines the absorption characteristics of sunscreen agents based on
the spectrophotometric analysis of diluted solutions.

Extract solutions (50, 200, 500, and 1,000 ng.mL™') were subjected to spectral scanning in the
range of 280 to 400 nm at 5-nm intervals using a Tecnal UV-5100 spectrophotometer with a
1-cm quartz cuvette, to verify absorption in the ultraviolet A and B regions (UVA and UVB). The
absorbance values obtained at 290 and 320 nm were subjected to the equation of Mansur et al.
(1986) [24] to calculate the in vitro UVB-SPF, considering the erythemogenic effect (EE) and
radiation intensity (I), as measured by Sayre et al. (1979) [25].

320
SPF = CF x £ EE (£) x I (£) x Abs (£)
290

Where: CF = Correction factor, which is 10 (based on the measurement of the 8% homosalate
standard, whose SPF is 4). EE = Erythemogenic effect of radiation of wavelength A. [ (A) =
Intensity of sunlight at wavelength A. Abs (A) = Spectrophotometric absorbance reading of the
sample solution at wavelength A.

2.8 Statistical Analysis

In this study, the quantification of phenols, flavonoids, tannins, and alkaloids, as well as the
evaluation of antioxidant activity, were performed in triplicate, and the results were expressed as
mean + standard deviation (n = 3). The data obtained were tested using one-way ANOVA
followed by Tukey’s test, using Sisvar 5.6 software. Statistical significance was set at p < 0.05.

3. RESULTS AND DISCUSSION

Solid-liquid extraction with solvents such as ethanol and water is a common method for
obtaining non-volatile bioactive products [26]. In the present study, the yields of the ethanolic
extracts were 9.70% for leaves and 5.94% for bark. The yields of the aqueous extracts were
10.24% for the leaves and 13.43% for the bark. Water was more efficient than alcohol, suggesting
that the chemical constituents are predominantly slightly more polar compounds.
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In the present study, the yields of the ethanolic extracts were 9.70% for the leaves and 5.94%
for the bark. The yields for the aqueous extracts were 10.24% for the leaves and 13.43% for the
bark. Water was more efficient than alcohol, suggesting that the chemical constituents are
predominantly slightly more polar compounds.

A preliminary phytochemical profile analysis of the ethanolic and aqueous extracts of
S. paniculatum was performed to identify the main secondary metabolite groups [18]. The tests
revealed the presence of alkaloids and tannins in both plant parts. Flavonoids, triterpenes, and/or
steroids were identified only in the leaf extracts. These results corroborate those of previous
studies on this species [27]. In contrast, sesquiterpene lactones, other lactones, purines, and
saponins were not detected in any of the analyzed extracts.

The quantitative analysis determined the total levels of phenols, flavonoids, tannins, and
alkaloids by interpolating the absorbances of the samples against the calibration curves
constructed with specific standards for each group of compounds (Table 1). In general, both
extracts had high levels of these compounds.

The ethanolic bark extract produced significantly higher levels of phenols (87.68 = 4.02 mg
GAE.g") and tannins (103.72 £+ 5.73 mg TAE.g"). Alkaloid levels were statistically similar
between the bark and leaves at 568.38 + 5.92 and 555.37 + 11.93 mg YE.g!, respectively.
However, flavonoids were recorded at a lower concentration (14.54 = 0.71 mg QE.g™).

The aqueous extract of the leaves had higher flavonoid (27.40 +4.15 mg QE.g™"), tannin (95.35
+0.97 mg TAE.g!), and alkaloid (584.37 £ 2.51 mg YE.g!) contents, but lower phenol content
(49.95 £ 2.19 mg GAE.g") (Table 1).

Table 1. Contents of phenols, flavonoids, tannins, total alkaloids, and ICs of extracts from the leaves and
bark of Solanum paniculatum.

Sample Phenols Flavonoids Taninns Alkaloids 1Cso (ng.mL™1)
mg GAE.g"! mg QE.g! mg TAE.g! mg YE.g'! DPPH’ ABTS™*
Extracts ethanolic
Leaves 60.82 £4.69° 4097 £2.38  75.62+3.54* 55537+£11.93* 77.69+7.37° 59.98+1.41°
Bark 87.68 £4.02* 14.54+£0.71® 103.72+5.73> 568.38+£5.92® 54.66+2.24* 27.01+1.94°
Extracts aqueous
Leaves 4995+£2.19> 27.40+4.15* 9535+0.97° 584.37+251* 4721+3.11° 29.03 +2.44>
Bark 67.39+1.23* 1878 £3.05> 5291 +£8.37° 42527+14.53> 11576 £1.75* 75.16 £2.24*
Quercetin 4.07+1.43 2.79£0.19

Values expressed as mean + standard deviation (n = 3). Means followed by different letters in the same column differ
from each other (p < 0.05).

The use of natural products to prevent skin damage caused by ultraviolet (UV) radiation is on
the rise. Continuous exposure to this radiation, particularly UVA (400-320 nm) and UVB (320-
290 nm) radiation, is one of the main external factors contributing to the generation of free
radicals. Excessive free radicals can adversely affect biomolecules and trigger diseases, such as
skin cancer [27].

Plant extracts with photoprotective and antioxidant properties are increasingly used in
cosmetic formulations because of their ability to neutralize free radicals and absorb UV radiation,
thereby reducing oxidative damage to skin cells [28, 29].

The molecular structures of the active ingredients present in some plants are comparable to the
base structures of some of the main synthetic sunscreens. Organic filters, which are composed of
organic molecules, are described as UVA and UVB filters because they can absorb radiation at
wavelengths between 290 and 400 nm.

UV spectrophotometry is commonly used to evaluate the SPF of compounds, particularly
those of plant origin. In this context, spectrophotometric absorption profiles of S. paniculatum
extracts were initially obtained. Different intensity bands were observed in the UVA and UVB
regions of the spectra. The maximum absorption wavelengths were 290 and 350 nm for the
ethanolic leaf and bark extracts, respectively. For the aqueous extracts, the maximum absorption
values were observed at 280 nm for the leaves and 290 nm for the bark (Figure 1).



Absorbance

A.F.G. Silva et al., Scientia Plena 21, 064602 (2025) 6

. 1000 pg/mL .
Ethanolic extract of the leaves _ '”5 o Ethanolic extract of the bark 1000 pgimL
500 pg/mL . .
= 3.0 - 500 pg/mL
200 pg/mL 2
o 200 pg/mL
30 pg/mL =
30 pg/mL
. Z 101
3 0.5
0.0 T T T T T T T 1 0.0 T T T T T T i 1
260 280 300 320 340 360 380 400 420 260 280 300 320 340 360 380 400 420
wavelength () wavelength (L)
Aqueous extract of the leaves Agqueous extract of the bark 1000 pg/mL
1000 pg/mL R
3.3 1 = 35 - 500 pg/mL
300 pg/mL
3.0 34 200 pg/mL
_ 200 pg/mL _
254 o 25 1 50 pg/mL
50 pg/mL 2
04 = 2 24
59 g 15 1
04 =1
3 0.5 A
0 T T T T T T T | 0 T T T T T T T |
260 280 300 320 340 360 380 400 420 260 280 300 320 340 360 380 400 420
wavelength (A) wavelength (1)

Figure 1: Spectroscopic absorption profiles of the ethanolic and aqueous extracts of Solanum
paniculatum leaves and bark.

The in vitro SPF evaluation method developed by Mansur et al. (1986) [24] is rapid and
accessible. It correlates well with in vivo methods because it relates the absorbance of the
substance to the erythemogenic effect of radiation and light intensity at specific wavelengths
between 290 and 320 nm, which correspond to the UVB region [3].

Thus, the SPFs were calculated within the wavelength range characteristic of the UVB region
(Table 2), which is considered the region with the highest incidence during the day, where people
are exposed for the longest time, and is mainly responsible for skin lesions, such as burns, deep
pigmentation, premature aging, and skin cancer [30].

According to ANVISA (2012) [31], a product is considered suitable for use in photoprotective
cosmetics when it has an SPF of at least 6.0. Thus, S. paniculatum extracts at concentrations of
200, 500, and 1,000 pg.mL"! proved promising for photoprotective formulations, as they exceeded
the minimum value required for photoprotection (SPF > 6).

The SPF values of the extracts were directly proportional to their concentrations; that is, the
higher the concentration, the higher the SPF. Concentrations of 500 and 1,000 ug.mL! exhibited
SPF values greater than 20. This behavior is similar to that observed in other plant species, which
also have higher SPF values [32, 33].

Table 2: SPF of ethanolic and aqueous extracts of Solanum paniculatum at different concentrations.
SPF (Sun Protection Factor)

Sample

50 pg.mL™" 200 pg.mL™! 500 pg.mL" 1,000 pg.mL*
Ethanolic extract
Leaves 2.31 8.73 20.92 28.10
Bark 4.90 7.29 20.21 26.12
Aqueous extract
Leaves 3.21 10.58 24.11 29.77
Bark 2.74 8.72 20.24 29.44

Because of the complex composition of plant extracts, the results are more reliable when the
antioxidant activity is determined using at least two methods [19]. Thus, the extracts of
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S. paniculatum were evaluated using in vitro DPPH" and ABTS™" radical scavenging assays [23].
The results are expressed as the 1Csy value (Table 1), which indicates the concentration required
to reduce free radicals by 50%.

The extracts effectively eliminated DPPH" and ABTS™" radicals, demonstrating similar ICso
values. The ethanolic bark extract exhibited the greatest antioxidant effectiveness, with ICsg
values of 54.66 = 2.24 and 27.01 + 1.94 ug.mL"!. The aqueous leaf extract also demonstrated
significant effectiveness, with ICso values of 47.21 £ 3.11 and 29.03 + 2.44 pg.mL'. However,
both had ICso values higher than that of the quercetin standard (Table 1). The ethanolic extract of
the leaves and the aqueous extract of the bark exhibited lower antioxidant potential because they
reduced the concentration of radicals to a lesser extent.

Previous studies also have reported significant antioxidant activity in ethanolic extracts of
S. paniculatum leaves and bark, as assessed by DPPH and ABTS assays, which is possibly related
to the presence of phenolic compounds [27]. Ribeiro et al. (2007) [34] recorded considerable
activity when analyzing the ethanolic and aqueous extracts of the leaves. Martins et al. (2021)
[13] investigated the influence of temperature and drying on the leaves. They quantified the levels
of total phenolic compounds and alkaloids and assessed their antioxidant activity. However, their
results were inferior to those of the present study.

Plant-derived compounds, such as phenolic compounds and alkaloids, can be used in
dermatological products to prevent skin cancer and other dermatological pathologies caused by
the sun and/or free radicals [35, 36]. Due to their antioxidant properties, these compounds
effectively provide UV protection because their chemical structures are similar to those of
synthetic sunscreen chemicals [3, 4].

Furthermore, phenolic compounds are often associated with the antioxidant activity of plant
extracts, mainly because of their reducing properties and chemical structure [37]. Pazinatto et al.
(2022) [38] attributed the antioxidant activity of three Beta vulgaris rubra extracts to the presence
of phenolic and flavonoid compounds (38). Another study showed that the polyphenol tannic acid
is an effective antioxidant in different in vitro assays and is comparable to standard antioxidant
compounds such as BHA and BHT [39].

Studies have shown that some alkaloids are as effective as or more effective than standard
antioxidants [40, 41]. Gan et al. (2017) [42] suggest that total phenols and alkaloids are
responsible for the antioxidant potential of a Brassicaceae specimen and that the effect of
alkaloids is greater than that of phenols in the analyzed samples.

Similar to other plant species, whose antioxidant and photoprotective activity is mainly
attributed to the phenolic compounds and alkaloids in their composition [43, 44]. Tannins and
alkaloids, in particular, may be primarily responsible for the observed antioxidant potential in the
ethanolic and aqueous extracts of S. paniculatum leaves and bark and are directly related to the
significant SPF values.

4. CONCLUSIONS

Ethanolic and aqueous extracts from the leaves and bark of S. paniculatum exhibited
photoprotective and antioxidant activities. These effects may be related to the presence of
alkaloids and phenolic compounds, which are known antioxidants with photoprotective
properties. This species shows promise for use in phytocosmetic formulations, encouraging
continued research to isolate and characterize the substances responsible for these activities and
to confirm its use as a natural photoprotective agent.

5. REFERENCES

1. Rocha LPB, Alves JVO, Aguiar IFS, Silva FH, Silva RL, Arruda LG, et al. Use of medicinal plants:
History and relevance. Res Soc Dev. 2021 Aug;10(10):¢44101018282, doi: 10.33448/rsd-v10i10.18282

2. Silva AFG, Lopes EKS, Batista da Silva VF. Bioactive compound contents and antioxidant and
photoprotective activities of Eugenia dysenterica (MART.) DC. Int J Dev Res. 2024 Apr;1(4):65536-
9. doi: 10.37118/ijdr.28205.04.2024


https://doi.org/10.33448/rsd-v10i10.18282
https://doi.org/10.37118/ijdr.28205.04.2024

A.F.G. Silva et al., Scientia Plena 21, 064602 (2025) 8

3. Violante IMP, Souza IM, Venturini CL, Ramalho AFS, Santos RAN, Ferrari M. Avaliacdo in vitro da
atividade fotoprotetora de extratos vegetais do cerrado de Mato Grosso. Rev Bras Farmacogn. 2009
Apr;19(2):452-7. doi: 10.1590/S0102-695X2009000300020

4. Moraes GV, Jorge GM, Gonzaga RV, Santos DA. Potencial antioxidante dos flavonoides e aplicagdes
terapéuticas. Res, Soc Dev. 2022 Oct;11(14):238111436225. doi: 10.33448/rsd-v11i14.36225

5. Dupin J, Matzke NJ, Sarkinen T, Knapp S, Olmstead RG, Bohs L, Smith SD. Bayesian estimation of
the global biogeographical history of the Solanaceae. J Biogeogr. 2017 Apr;44(4):887-99. doi:
10.1111/jbi.12898

6. Sampaio VS, Vieira IMF, Lima Junior EA, Loiola MIB. Flora do Ceara, Brasil: Solanum (Solanaceae).
Rodriguésia. 2019 70:1-27. doi: 10.1590/2175-7860201970029

7. Reflora. Solanaceae in Flora ¢ Funga do Brasil [Internet]. Rio de Janeiro (RJ): Jardim Botanico do Rio
de Janeiro; 2020 [cited 2024 Oct 20]. Available from: http://floradobrasil.jbrj.gov.br/reflora/floradobr
asil/FB225

8. Oliveira MLB, Franca TAR, Cavalcante FS, Lima RA. Uso, classifica¢do ¢ diversidade de Solanum L.
(Solanaceae). Biodiversidade. 2020 Jul;19(3):148-59.

9. Costa MRM, Souza PHS, Carneiro SER, Fernandes JM, Langassner SMZ, Pereira MSV, et al. Solanum
paniculatum Linn: A potential antimicrobial agent against oral microorganisms. Afr J Microbiol Res.
2017 Dec;11(48):1688-92. doi: 10.5897/AJMR2016.8380

10. Vieira PM, Marinho LP, Ferri SC, Chen-Chen L. Protective effects of steroidal alkaloids isolated from
Solanum paniculatum L. against mitomycin cytotoxic and genotoxic actions. An Acad Bras Cienc. 2013
Jun;85(2):553-60. doi: 10.1590/S0001-37652013000200007

11. Agra MF, Baracho GS, Nurit K, Basilio IJLD, Coelho VPM. Medicinal and poisonous diversity of the
flora of "Cariri Paraibano", Brazil. J Ethnopharmacol. 2007 May;111(2):383-95. doi:
10.1016/j.jep.2006.12.007

12. Brasil. Ministério da Saude. Plantas medicinais de interesse ao SUS — Renisus [Internet]; 2022 [cited
2024 Oct 24]. Available from: https://www.gov.br/saude/pt-br/composicao/sectics/plantas-medicinais-
e-fitoterapicos/ppnpmf/renisus

13. Martins EAS, Gonel ALD, Cardoso CAL, Almeida GL, Gongalves AA, Silva CB. Post-harvesting of
Solanum paniculatum L. leaves. Part II: Antioxidant activity and chemical composition. Rev Bras Eng
Agric Ambient. 2021 Jan;25(1):17-22. doi: 10.1590/1807-1929/agriambi.v25n1p17-22

14. Gazolla MC, Marques LMM, Silva G, Araujo MTMF, Mendes RL, Almeida JRGS, et al.
Characterization of 3-aminospirostane alkaloids from roots of Solanum paniculatum L. with
hepatoprotective activity. Rapid Commun Mass Spectrom. 2020 Sep;34:8705. doi: 10.1002/rcm.8705

15. Ferraz APCR, Sussulini A, Garcia JL, Costa MR, Ferron FVF, Ferron AJT, et al. Hydroethanolic extract
of Solanum paniculatum L. fruits modulates ROS and cytokines in human cell lines. Oxid Med Cell
Longev. 2020 Jan;2020:7240216. doi: 10.1155/2020/7240216

16. Diaz ABV, Turro DG, Zanatta AC, Vilegas W, Martins CHG, Silva TS, et al. New Polyhydroxylated
steroidal saponins from Solanum paniculatum L. leaf alcohol tincture with antibacterial activity against
oral pathogens. J Agric Food Chem. 2018 Jul;66(33):8703-13. doi: 10.1021/acs.jafc.8b01262J

17. Rodrigues ARSP, Cavalcante EM. Avaliagdo do potencial larvicida do extrato hidroalcoolico da
Solanum paniculatum frente ao Aedes aegypti. Rev Ambiental. 2022 Jul;14(3):43-51. doi:
10.48180/ambientale.v14i3.378

18.Simdes CMO, Schenkel EP, Gosmann G, Mello JCP, Mentz LA, Petrovick PR, organizers.
Farmacognosia: da planta ao medicamento. 6. ed. Porto Alegre (RS): UFRGS; Florianopolis (SC):
UFSC; 2010.

19.Noreen H, Semmar N, Farman M, McCullagh JSO. Measurement of total phenolic content and
antioxidant activity of aerial parts of medicinal plant Coronopus didymus. Asian Pac J Trop Med. 2017
Aug;10(8):723-834. doi: 10.1016/j.apjtm.2017.07.024

20.Lin JY, Tang CY. Determination of total phenolic and flavonoid contents in selected fruits and
vegetables, as well as their stimulatory effects on mouse splenocyte proliferation. Food Chem. 2007
101(1):140-7. doi: 10.1016/j.foodchem.2006.01.014

21.Moneim EA, Sulieman IFM, Elamin A, Elkhalifa EA. Quantitative determination of tannin content in
some Sorghum cultivars and evaluation of its antimicrobial activity. Res J Microbiol. 2007
Jan;2(3):284-8. doi: doi=jm.2007.284.288

22. Singh DK, Srivastava B, Sahu A. Spectrophotometric determination of Rauwolfia alkaloids: estimation
of reserpine in pharmaceuticals. Anal Sci. 2004 Mar;20(3):571-3. doi: 10.2116/analsci.20.571

23. Salachna P, Pietrak A, Lopusiewicz L. Antioxidant potential of flower extracts from Centaurea spp.
depends on their content of phenolics, flavonoids and free amino acids. Molecules. 2021
Dec;26(24):7465. doi: 10.3390/molecules26247465


https://doi.org/10.1590/S0102-695X2009000300020
http://dx.doi.org/10.33448/rsd-v11i14.36225
https://doi.org/10.1590/2175-7860201970029
https://doi.org/10.1590/S0001-37652013000200007
https://doi.org/10.1590/1807-1929/agriambi.v25n1p17-22
https://doi.org/10.48180/ambientale.v14i3.378
https://doi.org/10.48180/ambientale.v14i3.378
https://doi.org/10.1016/j.apjtm.2017.07.024
https://doi.org/10.1016/j.foodchem.2006.01.014
https://scialert.net/abstract/?doi=jm.2007.284.288
https://doi.org/10.2116/analsci.20.571
https://doi.org/10.3390/molecules26247465

A.F.G. Silva et al., Scientia Plena 21, 064602 (2025) 9

24. Mansur JS, Breder MNR, Mansur MCA, Azulay RD. Determinag¢do do Fator de Protecdo Solar por
espectrofotometria. An Bras Dermatol. 1986 Mai;61(3):121-4.

25.Sayre RM, Agin PP, LeVee GJ, Marlowe E. A comparison of in vivo and in vitro testing of sunscreening
formulas. Photochem Photobiol. 1979 Mar;29(3):559-66. doi: 10.1111/j.1751-1097.1979.tb07090.x

26. Falkenberg MB, Santos RI, Simdes CMO. Introdugdo a analise fitoquimica. In: Farmacognosia: da
planta ao medicamento. 6. ed. Porto Alegre (RS): UFRGS Editora; 2007.

27.Da Silva JPR, Aragdo ACR, Sousa Junior RS, Costa CACB, Moura OFS, Aratjo TDS, et al.
Phytochemical analysis, in vitro antioxidant and anticholinesterase activities of Solanum paniculatum
L. and an in-silico test with the AChE enzyme. S Afr J Bot. 2023 May;156:342-51. doi:
10.1016/j.sajb.2023.03.024

28. McDaniel DH, Waugh JM, Jiang LI, Stephens TJ, Yaroshinsky A, Mazur C, et al. Evaluation of the
antioxidant capacity and protective effects of a comprehensive topical antioxidant containing water-
soluble, enzymatic, and lipid-soluble antioxidants. J Clin Aesthet Dermatol. 2019 Apr;12(4):46-53.

29. Sousa RG, Lima ADS, Lima EN. Incremento da atividade fotoprotetora e antioxidante de cosméticos
contendo extratos vegetais da caatinga. Braz J Nat Sci. 2020 Mar;3(1):225-30. doi:
10.31415/bjns.v3i1.83

30.Sgarbi FC, Carmo ED, Rosa LEB. Radiagdo ultravioleta e carcinogénese. Rev Ciénc Méd. 2007
Jun;16(4-6):245-50.

31. Agéncia Nacional de Vigilancia Sanitaria (ANVISA). Resolucdo RDC n° 30, de 1° de junho de 2012.
Aprova Regulamento Técnico do MERCOSUL sobre protetores solares em cosméticos. Brasilia (DF):
Diario Oficial da Unido; 04 jun 2012. Available from: https://bvsms.saude.gov.br/bvs/saudelegis/anvis
a/2012/rdc0030_01 06 _2012.html

32. Medeiros MAC, Simdes MM, Santos B, Marques FMC, Leite MFMS, Oliveira HMBEF, et al. Evaluation
of the photoprotective activity of the ethanolic extract of Rhaphiodon echinus Schauer. Res Soc Dev.
2020 May;9(7):e585974410. doi: 10.33448/rsd-v917.4410

33. Medeiros MAC, Santos B, Marques FMC, Leite MFMS, Simdes MM, Anjos RM, et al. Avaliacdo da
atividade fotoprotetora do extrato aquoso de Rhaphiodon echinus (Nees & Mart.) Schauer. Sci plena.
2021 Apr;17(4):044601. doi: 10.14808/sci.plena.2021.044601

34, Ribeiro SR, Fortes CC, Oliveira SCC, Castro CFS. Avalia¢do da atividade antioxidante de Solanum
paniculatum (Solanaceae). Arq Ciénc Satde Unipar. 2007 Set;11(3):179-83.

35. Dziatlo M, Mierziak J, Korzun U, Preisner M, Szopa J, Kulma A. The Potential of plant phenolics in
prevention and therapy of skin disorders. Int J Mol Sci. 2016 Feb;17(2):1-41. doi:
10.3390/ijms17020160

36. Castaneda C, Bravo K, Cortes N, Bedoya J, Borges WS, Bastida J, et al. Amaryllidaceae alkaloids in
skin cancer management: Photoprotective effect on human keratinocytes and anti-proliferative activity
in melanoma cells. J Appl Biomed. 2023 Mar;21(1):36-47. doi: 10.32725/jab.2023.004

37.Sousa CMM, Silva HR, Vieira-Jr. GM, Ayres MCC, Costa CLS, Aratjo DS, et al. Fenois totais ¢
atividade antioxidante de cinco plantas medicinais. Quim Nova. 2007 Abr;30(2):351-5. doi:
10.1590/S0100-40422007000200021

38. Pazinatto, BC, Marques DT, Lima CP. Avaliacdo da atividade antioxidante e compostos bioativos
presentes em extratos de beterraba. Cad Esc Saude. 2022 Jul;21(1):44-56. doi: 10.25192/issn.1984-
7041.v21i16356

39. Giilgin H, Huyut Z, Elmastas M, Aboul-Enein HY. Radical scavenging and antioxidant activity of tannic
acid. Arab J Chem. 2010 Jan;3(1):43-53. doi: 10.1016/j.arabjc.2009.12.008

40.Haida S, Kribii A, Kribii A. Chemical composition, phenolic content and antioxidant capacity of
Haloxylon scoparium extracts. S Afr J Bot. 2020 Jul;131:151-60. doi: 10.1016/j.s2jb.2020.01.037

41. Macakova K, Afonso R, Saso L, Mladénka P. The influence of alkaloids on oxidative stress and related
signaling pathways. Free Radic. Biol Med. 2019 Apr;134:429-44. doi:
10.1016/j.freeradbiomed.2019.01.026

42.Gan J, Feng Y, He Z, Li Xi, Zhang H. Correlations between antioxidant activity and alkaloids and
phenols of Maca (Lepidium meyenii). J Food Qual. 2017 Oct;2017(3):1-10. doi: 10.1155/2017/3185945

43.Lima FM, Lima WLS, Costa SCC. Avaliacdo da capacidade fotoprotetora e estabilidade de formulagdes
contendo extrato de Camellia Sinensis. Braz J Dev. Oct;9(10):29213-29. doi: 10.34117/bjdv9n10-110

44.Chen YF, Zhang DD, Hu DB, Li XN, Luo JF, Duan XY, et al. Alkaloids and flavonoids exert protective
effects against UVB-induced damage in a 3D skin model using human keratinocytes. Results Chem.
2022 Jan;4(2):100298. doi: 10.1016/j.rechem.2022.100298


https://doi.org/10.1111/j.1751-1097.1979.tb07090.x
https://doi.org/10.33448/rsd-v9i7.4410
https://doi.org/10.14808/sci.plena.2021.044601
https://doi.org/10.1590/S0100-40422007000200021
https://doi.org/10.1590/S0100-40422007000200021
https://doi.org/10.25192/issn.1984-7041.v21i16356
https://doi.org/10.25192/issn.1984-7041.v21i16356
https://doi.org/10.1016/j.arabjc.2009.12.008
https://doi.org/10.1016/j.sajb.2020.01.037
https://doi.org/10.1016/j.freeradbiomed.2019.01.026
https://doi.org/10.1016/j.freeradbiomed.2019.01.026
https://doi.org/10.1155/2017/3185945
https://doi.org/10.34117/bjdv9n10-110
https://doi.org/10.1016/j.rechem.2022.100298

