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Abstract: Bougainvillea × buttiana is a plant widely used in traditional Mexican medicine and other 

parts of the world for the treatment of various health disorders. In this study, the antioxidant and 

cytoprotective activities of three ethanolic extracts of B. × buttiana (BxbO (Orange), BxbR1 (Rose1) 

and BxbR2 (Rose2)) were investigated. Antioxidant activities were determined by the oxygen radi-

cal absorbance capacity (ORAC), DPPH free radicals scavenging activity, and radical scavenging 

effects on nitric oxide (NO). The in vitro cytoprotective effect of the extracts against oxidative stress 

induced by hydrogen peroxide-(H2O2) in a model of L929 cells was also determined as well as NO 

uptake with or without H2O2 through the MTT assay. The results revealed that there was a differ-

ence between the compounds present in each of the extracts, with the 2-Hydroxycinnamic acid com-

pound being observed in all the extracts. The 2-Hydroxycinnamic acid compound was tested in 

silico to predict its biological (PASSonline) and toxicological (Osiris Property Explorer) activity. All 

extracts with 1 to 4 mg/mL inhibited the activity of the NO radical. In cells exposed to 1 mg/mL of 

extracts followed by H2O2 exposure, cell protection ranged from 66.96 to 83.46%. The treatment of 

the cells with extracts prevented the morphological changes caused by H2O2. The 2-Hy-

droxycinnamic acid compound showed a probability of in silico antioxidant and cytoprotective ac-

tivity greater than 0.5 and 0.6, respectively. Therefore, the results demonstrated that Bxb extracts 

exert antioxidant and protective activities against H2O2-induced oxidative stress in L929 cells. 
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1. Introduction 

Oxidative stress is an imbalance between oxidative and antioxidant molecules and 

results in the induction of cellular damage by oxidants. This imbalance occurs when the 

mechanisms of protection against these species are impaired or when a high production 

of reactive oxygen species (ROS) and/or reactive nitrogen species (RNS) occurs [1]. With 

a slight oxidative stress, it can generate an increase in the enzymatic antioxidant protec-

tion; however, when a high production of reactive species occurs, it can cause damage 

and cell death [2]. Biomolecules oxidations are natural processes in aerobiotic beings from 

the cellular metabolism, in which reactive species are produced naturally or by a some 

biological dysfunction [3]. This is an integral part of the human metabolism to produce 

ROS and/or RNS, in which reactive species have important biological functions, such as 

phagocytosis, but when their production is exacerbated, the organism has an efficient an-

tioxidant system in which it can control or restore the equilibrium [4]. An excess of reac-

tive species is harmful to the organism, and it can cause, for example, the peroxidation of 

membrane lipids and the aggression of the macromolecules of the tissues. The literature 

indicates the possibility that chronic degenerative diseases, such as diabetes mellitus, 
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cancer, early cell aging, atherosclerosis, Alzheimer’s and Parkinson’s, disease, are related 

to DNA damage caused by the species reactive as well as oxidative stress [5]. According 

to their mode of action, the antioxidants can be categorized as primary or secondary. The 

primary antioxidants are those that act in the interruption of the reaction chain by donat-

ing electrons or hydrogen to the free radicals to convert them into thermodynamically 

stable products and/or react with the free radicals, which will form a lipid antioxidant, 

which can react with another free radical. On the other hand, secondary antioxidants act 

by delaying the onset of autoxidation, in different ways, among them metal complexation, 

oxygen sequestration, the decomposition of hydroperoxide forming non-radical species, 

the absorption of ultraviolet radiation and the deactivation of singlet oxygen [6,7]. 

Free radicals are chemical structures that have one or more free electrons occupying 

an atomic or molecular orbital [7,8]. Due to their configuration, free radicals have highly 

unstable, short half-lives and are chemically unstable, combining nonspecifically with nu-

merous molecules of the cellular structure [8]. The formation of free radicals takes place 

through the absorption of radiation by redox reactions or by processes of enzymatic catal-

ysis [8,9]. Free radicals are present inside the cellular metabolism of living beings and are 

generated naturally during oxidation-reduction approaches, which include the produc-

tion of energy, cell growth regulation, intracellular signaling, phagocytosis and biomole-

cules synthesis [10]. The process of electron transfer can lead oxygen to form reactive ox-

ygen species and/or reactive nitrogen species [11]. The main reactive oxygen species are 

superoxide anion radicals (O2-), hydroxyl radicals (OH-), hydrogen peroxide (H2O2), sin-

glet oxygen (½O2-), hypochlorous acid (HOCl), nitric oxide (NO) and peroxynitrite 

(ONOO-)[10,11]. The superoxide dismutase (SOD) family is responsible for converting su-

peroxide into molecular oxygen and hydrogen peroxide. H2O2 can be converted to OH-, 

which is a highly reactive species, and this reactive species can also react with nitric oxide 

(NO), resulting in the formation of peroxynitrite (ONOO-). Nitric oxide generation was 

associated with caspase activation and cell death [1,11]. NO is a gaseous, small, reactive 

molecule that readily diffuses across the cells and interacts with different cellular com-

pounds, including other radicals [12]. Nitric oxide and ROS are involved and interact with 

each other in a wide range of cellular processes [13,14]. Due to the high complexity, this 

process is still unclear. The multiple physiological functions of NO include the inhibition 

of platelet aggregation, the regulation of vasomotor tone, endothelial cell adhesion, and 

the proliferation of vascular smooth muscles [15,16]. Biologically produced NO is also im-

portant for nonspecific cellular immunity, although NO is not capable of killing intracel-

lular pathogens or tumor cells. Although often described as a highly toxic and reactive 

molecule, it has been shown not to be so and to present a dual cytotoxic and cytoprotective 

[17,18]. 

Previous in vitro and in vivo studies have reported the antioxidant capacity of several 

species of medicinal plants of the Nyctaginaceae family [19], acting at the cellular level 

through cell growth stimulation and membrane potential stabilizing or at the molecular 

level through ROS scavenging [17,20]. Plants are sources of bioactive compounds with 

antioxidant action such as phenolics, flavonoids and tannins that act in the capture and 

neutralization of oxidant species such as superoxide anions, hydroxyl radicals and hydro-

gen peroxide [18]. Endogenous antioxidants are essential against free radicals and oxida-

tive damage. In case of endogenous antioxidants from plants, some have been widely 

used. In plants, the phenolic acid possess a different biological activity [17,18,21]. Tradi-

tionally, dried flowers of Bougainvillea are used for topical treatments of contusions and 

pain [21]. Despite their traditional use, no study has reported on the cytoprotective activ-

ity of Bougainvillea extracts in a cell line of mouse fibroblasts. In previous studies, we 

demonstrated that the antioxidant activity of extracts of B. × buttiana [22]. The aim of this 

study was to compare the chemical composition of BxbO, BxbR1 and BxbR2 (Varieties 

Orange, Rose1 and Rose2), respectively, their antioxidant and cytoprotective activities, by 

predicting both activities in silico studies. The in vitro antiradical activity was investigated 

using a NO scavenging assay. 
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2. Materials and Methods 

2.1. Chemicals 

Ethanol was acquired from Golden Bell (Zapopan, Jalisco, Mexico). Actinomycin D, 

O-phenylenediamine (OPD), 4-nitro-(3-octanoyloxy)-benzoic, phosphoric acid, 2,2′-azino-

bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS), sodium nitroprusside, and 3-[4,5-di-

methyl-thiazol-2-yl]-2,5-diphenyltetrazolium bromide (MTT) were purchased from 

Sigma Aldrich Chemical Co. (Toluca, Mexico). Dulbecco´s Minimum Essential Medium 

(DMEM) medium fetal calf serum was acquired from Gibco Life Technologies Corpora-

tion (Grand Island, NY, USA). 

2.2. Plant Material Collection and Extraction 

2.2.1. Plant Material Collection 

The specimens of the B. × buttiana plant were collected in Cuernavaca and Temixco 

(Morelos, Mexico), and identification from the specimen was made by Herbarium HUMO 

CIByC-UAEM and cataloged with the voucher number 23683 (Cuernavaca), 33870 (Cuer-

navaca), and 33872 (Temixco), for varieties Orange (BxbO), Rose1 (BxbR1) and Rose2 

(BxbR2). 

2.2.2. Extraction Procedures 

The extraction method was reported in detail in the patent MX/a/ 2011/813522 [22]. 

For different extraction, 10 g of powered BxbO, BxbR1 and BxbR2 were individually 

mixed with 100 mL of ethanol + water (1:1) at 26°C for 24 h. Liquids extracts obtained were 

separated from the solid residue by 60 °C using a rotary evaporator pressure (Heidolph). 

All samples were performed in triplicate. Extracts from each extraction process were col-

lected in separate extraction vials and maintained at room temperature until the phyto-

chemical assays. 

2.2.3. Analysis of Total Phenolic Contents 

The total phenolic contents present in the extracts of BxbO (Orange), BxbR1 (Rose1) 

and BxbR2 (Rose2) were determined by the Folin–Ciocalteu assay using a gallic acid 

standard curve [23]. The absorbance determination was at 760 nm using a UV-Vis spec-

trophotometer, and the results were expressed as mg gallic acid equivalents (GAE) per 

100 g FW. The equation is shown below: 

C = 
c × V

m
 (1)

where “C” indicates the total phenolic component in (mg g−1) plant extract in GAE, “c” 

indicates the gallic acid concentration (mg mL−1), “V” indicates the volume of extracts in 

microliters (µL), and “m” indicates the weight of crude plant in grams. 

The correlation coefficients (R2) value was determined using the mean of three ab-

sorbance determinations for each concentration. The equation is shown below: 

Y = mx + c (2)

where “Y” signifies extract absorbance, “m” signifies the slope of the calibration curve, 

“x” signifies extract concentration, and “c” is the intercept. Concentrations of extracts 

were calculated using this regression equation. The phenolic content was estimated using 

the value for each extract concentration. 
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2.2.4. GC-MS Analysis for Characterization 

For the identification, the extracts of B. × buttiana (Var. Orange and Rose 1 and Rose 

2) they were called BxbO and BxbR1 and BxbR2, respectively. The analyses of each extract 

were performed with a chromatography GC-MS method. The analyses were performed 

according to the method described by Abarca-Vargas et al. 2016 [24]. 

2.3. Measurement of Antioxidant Activity 

2.3.1. ORAC Oxygen Radical Absorbance Capacity 

The antioxidant activity was determined using Oxygen Radical Absorbance Capacity 

(ORAC) assay, as described by Dávalos et al., 2004 [25]. In brief, twenty-five microliters of 

Trolox standards (ranging from 3.125 to 100 µM), blank and sample of extracts were pre-

pared in phosphate buffer 10 mM and pH 7.4. The reaction mixture containing extracts or 

Trolox and fluorescein at a final concentration of 70 nM was incubated for 10 min at 37 

°C. Then, 12 mM of 2,2´azobis(2-amidno-propane) dihydrochloride was added to the mix-

ture. The fluorescence was read every 56 s for 98 min by using FLUOstar Optima (BMG 

Labtech) fluorometer. The Area Under the Curve (AUC) was determined for each sample 

and compared with AUC corresponding Trolox. The data were expressed as an ORAC 

value (µmol Trolox equivalent (TE)/g extract). 

2.3.2. DPPH Radicals Scavenging Activity 

The antioxidant activity was determined using DPPH radical scavenging assay as 

adapted by Akkari et al., 2016 [26]. In brief, the volume of 1.4 mL solution of DPPH in 

methanol (0.1 mM) was added to 0.1 mL of each extract with different concentrations (10, 

20, 40, and 80 × dilutions of each extract). Then, the tubes were incubated in a dark room 

for 30 min, and the absorbance was determined at 517 nm. 

2.3.3. Antioxidant Activity NO (nitric oxide) Assay 

The nitric oxide capture assay was performed according to the method described by 

Maia & Moura, 2015 [27]. The assay was performed in PBS (10 mM phosphate buffer, pH 

7.3, 136 mM NaCl, and 2.7 mM KCl) and 5 mM sodium nitroprusside. Amounts from each 

extract (0, 0.001, 0.01, 0.1, 1 and 2 mg/mL) were added in a nitroprusside solution and 

incubated in a shaker at 25 °C with constant shaking at 70 rpm for 180 min. Gallic acid 

was used as standard in the concentration range of 0–160 µg/mL to construct a calibration 

curve. The control used for these assays presented a 100% nitrite formation. After incuba-

tion, an aliquot was removed and transferred to a 96-well plate and incubated with 

Griess’s reagent (1% sulfanilamide solution in 3% phosphoric acid and 1% N-1 (1-naph-

thylethylenediamine) solution). The microplates containing the assays were maintained 

for 5 min at room temperature, and the absorbance was evaluated on a microplate reader 

at 540 nm. A calibration curve of sodium nitrite at concentrations of 0.0265 to 1 mM was 

performed to determine the nitrite concentrations present in the assays. The results were 

expressed as the mean standard deviation in percent inhibition relative to the control as-

say. All tests were run in sets of three plus the standard. The results were expressed by 

the percentage of antioxidant activity and were calculated using the following formula: 

AA(%) = 
�������� − �������

��������
 ×  100  (3)

where Asample represents absorbance of the plant extract sample and Acontrol represents ab-

sorbance of the DPPH solution as a control. 

2.4. Cell Proliferation and Viability Assay 

Mouse fibroblast cells (ATCC clone L929) were grown in Dulbecco´s Minimum Es-

sential Medium (DMEM) containing 10% Fetal Bovine Serum (FBS), 100 U/mL penicillin, 

100 mg/L streptomycin and 500 mg/L neomycin. Confluent cells were tripsinized, 
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centrifuged and sub-cultured in the same medium, in a humidified 5% CO2 atmosphere 

at 37 °C. For the experiments, a cell suspension was seeded at a density of 5 × 103 cells/well 

in DMEM culture medium supplemented with 10% FBS and dispensed in a 96 well mi-

croplate and incubated at 37 °C in a humidified 5% CO2 atmosphere for 18 h. Afterwards, 

the culture medium was discarded and replaced with fresh medium containing 10% FBS 

for the control cultures, and amounts between 0 and 400 µg/mL of dry weight of each 

extract were distributed to each well. All cultures, including the controls and those treated 

with the extracts, were incubated for 24 h and 48 h at 37 °C under 5% CO2 atmosphere. 

Then, the culture medium was discarded and finally restored with 100 µL of fresh me-

dium combined with 10 µg of MTT solution 3-(4,5-dimethylthiazol-2-yl) 2, 5-diphenylte-

trazolium bromide and keep within dark conditions at 37 °C in a 5% CO2 atmosphere for 

3 h. After that time, 85 µL of the culture medium was removed, and then, a 50% solution 

of DMSO was added and incubated under the same conditions for 10 min; after formazan 

crystals’ homogenization, the absorbance at 540 nm was assessed using a microplate 

reader. The percentage of cell proliferation/viability was calculated and compared to the 

control (100% viability). 

2.5. Hydrogen Peroxide-Induced Oxidative Stress in L929 Cells and Evaluation of Survival 

To evaluate the cytoprotective effect of extracts, hydrogen peroxide was used to in-

duce oxidative stress assay in accordance with the methods previously described by Bale-

kar et al. 2012, [28]. Briefly, the L929 cells were cultivated at a density of 5 × 103 cells/well 

in DMEM supplemented with 10% FBS and incubated at 37°C with 5% CO2 for 18 h. To 

establish the H2O2 concentration that provided cell damage, amounts of 0 to 1.0 mM were 

used for the hydrogen peroxide curve to evaluate the dose of H2O2, which caused a de-

crease of 50–80% in the cell viability after 24 h of exposure using the MTT method. The 

concentration chosen was 1.0 mM H2O2. For the assays, the L929 cells were cultured at a 

density of 5 × 103 cells/well containing DMEM medium supplemented with 10% FBS and 

incubated at 37°C with 5% CO2. After 18 h of incubation, the medium was replaced with 

fresh medium containing 0 to 400 µg/mL dry weight of B. × buttiana extracts (Var. Orange 

and Rose), which were used to treat the cells at the different time periods. 

2.6. In Silico Analysis of the Compounds 

All chemical compounds identified in this study were represented by using their 

chemical structure, which was obtained using the ChemAxon program [29]. Predictions 

of all compounds were determined using the chemical structure. PASSonline software 

(Way2Drug.com, 2011–2022, version 2.0, accessed 1 August 2022) [30] was used to predict 

antioxidant and cytoprotective activity. This program calculates the structural and phys-

icochemical properties necessary to make a comparison with its database. These results 

are expressed as a probability (P) ranging from 0 to 1, where 0 indicates that it is unlikely 

and 1 that it is very likely. 

The in silico toxicological properties were also determined using the OSIRIS Property 

Explorer program [31]. This software allows calculating the properties without risk of un-

wanted effects and is shown in green, while those with medium risk are indicated in yel-

low, and in the case of high risk, they are represented in red. 

2.7. Statistical Analyses 

The data were obtained for each sample and summarized, which was followed by 

statistical analysis using one-way ANOVA and Tukey´s test. Values of p lower than 0.05 

were considered to be statistically significant. The values were expressed as the mean ± 

SD. Pair-wise comparison of the control and each sample was carried out using a t-test. 

Significant statistical differences were considered at p < 0.01 compared to the untreated 

control. 
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3. Results 

3.1. Phytocompounds 

Each plant was extracted in 50% ethanol (v/v) under the same conditions. GC-MS 

analyses of these extracts showed several peaks for BxbO (nine compounds), BxbR1 

(seven compounds) and BxbR2 (eight compounds). Table 1 summarizes the compounds 

present and analyzed by chromatography GC-MS [32–34]. They were quantified by inte-

gration of the peaks areas, and the results are exhibited in Table 1. Between the com-

pounds obtained, the 2-Hydroxycinnamic acid and 3-O-methyl-D-glucose were present 

in all extract studies. The chemical structure of the compound 2-Hydroxycinnamic acid 

(Figure 1) was made with the ChemAxon version 22.13.0, (Budapest, Hungary) program 

[29]. 

Table 1. Comparison of the compounds found in Bougainvillea extract. 

Class Compounds R.T. (min) 
Area% 

BxbO BxbR1 BxbR2 

Pyran 3,5-Dihydroxy-6-methyl-2,3-dihydro-4H-pyran-4-one 10.293   5.867 

Phenol compounds 2-Hydroxycinnamic acid 11.306 11.240 1.190 8.206 

Benzofuran 2,3-Dihydro-1-benzofuran 11.621   15.469 

Phenol compounds 2-Methoxy-4-vinylphenol 11.925  0.224 5.588 

Carbohydrate 3-O-methyl-D-glucose 16.292 11.192 92.135 47.924 

Fatty acid Tetradecanoic acid 17.369 10.765   

Hydrocarbon 1-Nonadecene 17.750 10.726   

Fatty ester Methyl palmitate 19.096   5.535 

Fatty acid n-Hexadecanoic acid 19.445 11.522 0.760  

Fatty ester Hexadecanoic acid, ethyl ester 19.656  1.171 5.654 

Fatty ester Isopropyl palmitate 20.082 10.985   

Fatty ester 9,12-Octadecadienoic acid, ethyl ester 21.246  1.933 5.757 

Fatty ester Ethyl (9Z,12Z,15Z)-octadeca-9,12,15-trienoate 21.311  2.587  

Ester Diisopropyl maleate 21.967 11.258   

Phthalate ester 1,2-Benzenedicarboxylic acid, diisooctyl ester 25.692 11.237   

Terpene Squalene 29.981 11.075   

BxbO (Orange), BxbR1 (Rose1) and BxbR2 (Rose2). 

 

Figure 1. Chemical structure of 2-Hydroxycinnamic acid. 

3.2. Total Phenolic Contents in Bougainvillea Extracts 

The Total Phenolic Contents (TPC) in B. xbuttiana ethanolic extracts are presented in 

Table 2. The highest amounts of TPC were obtained in BxbR2 extract. The TPC ranged 

from 27.43, 29.55 and 32.48 mgGA/g dry extract for BxbO, BxbR1 and BxbR2, respectively. 
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Table 2. Different total phenolic contents in Bougainvillea extracts. 

Extract Total Phenolic Contents, mgGA*/Dry Extract 

BxbO 27.43 ± 0.03 

BxbR1 29.55 ± 0.05 

BxbR2 32.48 ± 0.08 

Data are expressed as the mean of triplicate ± SD. *Gallic Acid (GA). BxbO (Orange), BxbR1 (Rose1) 

and BxbR2 (Rose2). 

3.3. Comparative Antioxidant Activity 

The antioxidant activity of different extracts was evaluated by measuring their ability 

to scavenge DPPH and by ORAC assay. As shown in Table 3, the DPPH radical scaveng-

ing activities of three extracts followed the order of BxBR2 > BxbR1 > BxbO. Regarding the 

ORAC assay, BxbR1 and BxbR2 improve the ORAC values to 8,100.45 and 8,105.38 µmol 

Trolox/mg gallic acid, respectively. The lowest ORAC value was obtained in the BxbO 

extract. Results of antioxidant capacities were also correlated to phenolic compound con-

centration determined by the Folin–Ciocalteu method. Results were obtained with DPPH 

and ORAC assay. 

Table 3. Antioxidant activity of Bougainvillea extracts. 

Extract 
DPPH 

µMTE/100 g Dry Extract 

ORAC Value 

µM TROLOX Equivalent TE/g 

BxbO 1478.20 ± 100.80 7114.43 ± 781.48 

BxbR1 1684.63 ± 146.37 8100.45 ± 798.85 

BxbR2 1802.54 ± 158.46 8105.38 ± 787.92 

Values represent means (n = 3) ± SD. BxbO (Orange), BxbR1 (Rose1) and BxbR2 (Rose2). 

3.4. Effect of Extracts on Nitric Oxide Capture 

The antioxidant activity of ethanolic extracts of B. × buttiana was determined using a 

NO scavenging assay. Figure 2 shows the nitrite concentration values and the percentage 

of inhibition of the formation of this anion by increasing the concentrations of the Bougain-

villea extracts. The concentration of nitrite in the absence of the extract was approximately 

26.2 µM. The formation of nitrite occurs spontaneously in the reaction medium from NO 

and O2, being an indirect method of determination of NO generated by the decomposition 

of sodium nitroprusside [27]. The extracts of BxbO, BxbR1 and BxbR2 at the concentra-

tions used (0.001 and 0.01 mg/mL) were shown to be able to decrease the formation of 

nitrite, differentiating significantly in relation to the control but without a significant dif-

ference between them. The inhibition of NO increased with the use of extract concentra-

tions of 0.1 mg/mL, reaching the maximum with 1 mg/mL concentration of the extracts. 

At concentrations of 1 mg/mL, the inhibition NO percentages was 62.97, 63.75 and 64.85% 

for BxbO, BxbR1 and BxbR2, respectively. In contrast, when concentrations of 2 to 4 

mg/mL were used, the NO inhibition was significantly reduced (p < 0.001). These results 

suggest that extracts of BxbO, BxbR1 and BxbR2 act as antioxidants against NO (Figure 

2). 
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Figure 2. Inhibitory effect of Bougainvillea extracts on nitrite production (NO2-). The extracts in mg 

of dry mass per mL of assay. The percent inhibition of nitrite formation in the presence of extracts 

in relation to control with 180 min of reaction. All values are expressed as the mean ± SD (n = 3). The 

* indicate significant differences (p < 0.01). 

The kinetics of antioxidant activity is described in Figure 3. For the positive control 

for nitrite inhibition, gallic acid was used, reaching the highest percentage of antioxidant 

activity (48.84%) with 80 µg/mL incubated for 180 min (data not shown). The formation 

of nitrite decreased with increased exposure time to the extracts. The maximum antioxi-

dant activity percentages reached by the extracts at 1 mg/mL were 62.70, 63.75 and 64.85% 

for BxbO, BxbR1 and BxbR2, respectively (Figure 3). With increasing concentrations at 2 

to 4 mg/mL of extracts, the percentages of antioxidant activity were significantly reduced. 

 

Figure 3. Percent of antioxidant activity. The inhibitory effect of Bougainvillea extracts on nitrite pro-

duction (NO2-). The extracts in (A 1 mg), (B 2 mg), (C 3 mg), and (D 4 mg) of dry mass per mL of 

assay. The percent antioxidant activity inhibition of nitrite formation in the presence of extracts in 

relation to the control incubated for different times of reaction. All values were expressed as the 

mean ± SD (n = 3). This indicates values were significant differences (p < 0.01). 
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3.5. Effect of Extracts on Cell Viability and Proliferation 

The effect of the extracts from B. × buttiana using Var. Orange and Rose on the viabil-

ity was evaluated in L929 cells in different concentrations after 24 and 48 h using the MTT 

method (Figure 4). Cultures of cells were treated with 0.1, 1 and 10 µg/mL extracts, and 

the extracts did not prove to be toxic to the cells. For cultures treated for 24 h at 100 µg/mL, 

the percentages of cell viability were 96.4, 95 and 120% for the extracts BxbO, BxbR1 and 

BxbR2, respectively. Whereas, in cultures treated for 48 h at 100 µg/mL, the percentages 

of cell viability were 91.6, 90.8 and 100% for the extracts BxbO, BxbR1 and BxbR2, respec-

tively (Figure 4). The concentrations of 200 to 400 µg/mL in all extracts for both times of 

exposure significantly decreased the cell viability (p < 0.01). At the concentration of 100 

µg/mL of BxbR2 extract, it was possible to observe proliferation in both the intervals: 24 

and 48 h. In contrast, in cell cultures treated with 300 and 400 µg/mL of this extract, the 

percentages of viability were significantly lower for both 24 and 48 h (Figure 4). 

 

Figure 4. Effects of the extracts from B. × buttiana on the cell viability. Percentage of survival of L929 

cells treated with extracts after 24 and 48 h. The data are expressed as the mean ± SD (n = 20). *p < 

0.001. 
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This data allowed selecting the optimal non-cytotoxic concentrations of the extracts 

as 100 µg/mL, which was used in further experiments. 

3.6. Hydrogen Peroxide-Induced Oxidative Stress and Survival 

H2O2 as a precursor of various ROS was chosen as the oxidant reagent in this study. 

Various concentrations of H2O2 were used to determine the appropriate dose. L929 cells 

were treated with 1 mM hydrogen peroxide as a model of oxidative stress, and this caused 

a decrease in the cell viability by around 75% after 24 h of exposure. In Figure 5, the po-

tential antioxidant effect of the extracts was tested before and after exposure to H2O2 for 3 

h and combined with H2O2 for 24 h. In comparison, the extracts were effective in the cel-

lular protection against oxidative stress before exposure to H2O2, resulting in a protection 

of 83.46, 66.96 and 77.21% for the extracts BxbO, BxbR1 and BxbR2, respectively. However, 

when the cells were exposed to extracts after or combined with H2O2 for 3 h, they did not 

protect the cells against the oxidative stress caused by H2O2 (Figure 5). In the BxbO and 

BxbR2 extracts, the best cell protection, expressed as cell viability values, was observed 

for treatment with 10 and 100 µg/mL before H2O2. In contrast, for the BxbR1 extract with 

the best cell protection, the viability values for the treatments of 10 and 100 µg/mL were 

combined and after H2O2 (Figure 5). 
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Figure 5. Effect of extracts from B. × buttiana on the cell viability. The percentage of survival of L929 

cells treated with extracts in different conditions, before, combined and/or after exposition to H2O2 

for 24 h was calculated as described in the Materials and Methods. The data are expressed as the 

mean ± SD (n = 20). *p < 0.001. 
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Once the mode and amount of extract with the highest percentage of cell viability 

was established, we also compared the level of protection with the compounds present in 

the extracts. The results presented in Table 1 show that of all the different compounds 

found in the extracts BxbO, BxbR1 and BxbR2, where one of them was the phenolic com-

pound, we found 2-Hydroxycinnamic acid. Another new test was carried out to verify 

which of these compounds could be responsible for the protection of the oxidative stress 

of the extracts (Figure 6). The treatment of L929 cells with 2-Hydroxycinnamic acid was 

shown to be effective in cell protection under the three different conditions. In the cultures 

of cells treated with 100 µg/mL of this compound before H2O2, the viability was signifi-

cantly higher in relation to the control, with a percentage of 42.73% (Figure 6). In contrast, 

with the decrease in the concentration from 50 to 1.56 µg/mL, the viability was signifi-

cantly increased (Figure 6). In cultures treated with 100 µg/mL of 2-Hydroxycinnamic acid 

combined or after H2O2, the viability percentages were 44.24 and 46.05%, respectively (Fig-

ure 6). Decreasing the compound dose from 50 to 6.25 µg/mL increased the cell viability 

(Figure 6). Under the conditions performed in this study, treatment with concentrations 

of 0.78 to 3.125 µg/mL, the viability percentages were greater than 100% (Figure 6). 

 

Figure 6. Effects of 2-Hydroxycinnamic acid on the cell viability. The percentage of survival of L929 

cells treated with different amounts of 2-Hydroxycinnamic acid in different conditions, before, com-

bined and/or after exposure to H2O2 for 24 h was calculated as described in the Materials and Meth-

ods. The data are expressed as the mean ± SD (n = 20). *p < 0.001. 

The groups of cells treated with 1 mg of Bougainvillea extracts contained 2-Hy-

droxycinnamic acid in the concentrations of 11.24, 1.90 and 8.21 µg for BxbO, BxbR1 and 

BxbR2, respectively. The different concentrations present in each extract were used to 

compare their effects with the total extract in cell cultures treated before, combined, or 

after H2O2 (Figure 7). The results obtained in cell cultures treated before H2O2 showed that 

2-Hydroxycinnamic acid was not significant for the cytoprotective effect achieved for 

whole extracts. These results suggest that this treatment effect may be due to the action of 

other compounds. 



Molecules 2022, 27, 6555 13 of 19 
 

 

 

Figure 7. Comparison between B. × buttiana extracts and 2-Hydroxycinnamic acid on cell viability. 

The percentage of survival of L929 cells treated with 100 µg/mL of each extract and compared with 

culture cells with 11.24 µg/mL, 1.19 and 8.21 µg/mL of 2-Hydroxycinnamic acid for 24 h before ex-

position to H2O2 for 24 h was calculated as described in Material and Methods. Data are expressed 

as a mean ± SD (n = 20). 

3.7. In Silico Analysis of the Compounds 

The results of the analysis on the biological effects of the compounds present in the 

extracts were obtained from PASSonline (Table 4). It was observed that the phenolic com-

pounds and fatty acids presented a greater probability of acting as cytoprotective; how-

ever, the compound 2-Hydroxycinnamic acid was present in all three extracts and pre-

sented a higher probability of antioxidant and cytoprotective activity. 
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Table 4. PASSonline activities. 

Extracts Compounds 
Antioxidant Cytoprotective 

Pa Pi Pa Pi 

BxbR2 3,5-Dihydroxy-6-methyl-2,3-dihydro-4H-pyran-4-one 0.587 0.005 0.652 0.013 

BxbO, BxbR1, BxbR2 2-Hydroxycinnamic acid 0.523 0.006 0.679 0.008 

BxbR2 2,3-Dihydro-1-benzofuran 0.176 0.073 0.482 0.068 

BxbR1, BxbR2 2-Methoxy-4-vinylphenol 0.459 0.008 0.735 0.004 

BxbO, BxbR1, BxbR2 3-O-methyl-D-glucose - - 0.352 0.130 

BxbO Tetradecanoic acid 0.222 0.045 0.712 0.004 

BxbO 1-Nonadecene 0.282 0.027 0.655 0.013 

BxbR2 Methyl palmitate 0.210 0.050 0.701 0.005 

BxBO, BxbR1 n-Hexadecanoic acid 0.222 0.045 0.712 0.004 

BxbR1, BxbR2 Hexadecanoic acid, ethyl ester 0.201 0.055 0.715 0.004 

BxbO Isopropyl palmitate 0.227 0.043 0.654 0.013 

BxbR1, BxbR2 9,12-Octadecadienoic acid, ethyl ester 0.285 0.026 0.720 0.004 

BxbR1 Ethyl (9Z,12Z,15Z)-octadeca-9,12,15-trienoate 0.320 0.020 0.704 0.005 

BxbO Diisopropyl maleate 0.378 0.014 0.618 0.024 

BxbO 1,2-Benzenedicarboxylic acid, diisooctyl ester 0.174 0.075 0.512 0.059 

BxbO Squalene 0.657 0.004 0.552 0.047 

Pa—probability of being active, Pi—probability of being inactive., BxbO (Orange), BxbR1 (Rose1) 

and BxbR2 (Rose2). 

Derived from the previous analysis, an in silico analysis of the toxicological activity 

was performed in the OSIRIS Property Explorer program of the different compounds pre-

sent in the three extracts. The results are coded in colors, as shown in Table 5. The prop-

erties without risk are represented in green color, those of moderate risk are represented 

in yellow color and those with high risk are represented in red color for undesirable effects 

such as mutagenicity, teratogenicity, irritability, and effects on the reproduction. The 2-

Hydroxycinnamic acid compound shows zero risk of undesirable effects, and being pre-

sent in the three extracts was decisive for its antioxidant and cytoprotective evaluation. 

Table 5. Toxicity risk by OSIRIS Property Explorer. 

Extracts Compounds M T I R.E. 

BxbR2 3,5-Dihydroxy-6-methyl-2,3-dihydro-4H-pyran-4-one     
BxbO, BxbR1, BxbR2 2-Hydroxycinnamic acid     

BxbR2 2,3-Dihydro-1-benzofuran     
BxbR1, BxbR2 2-Methoxy-4-vinylphenol     

BxbO, BxbR1, BxbR2 3-O-methyl-D-glucose     
BxbO Tetradecanoic acid     
BxbO 1-Nonadecene     
BxbR2 Methyl palmitate     

BxbO, BxbR1 n-Hexadecanoic acid     
BxbR1, BxbR2 Hexadecanoic acid, ethyl ester     

BxbO Isopropyl palmitate     
BxbR1, BxbR2 9,12-Octadecadienoic acid, ethyl ester     

BxbR1 Ethyl (9Z,12Z,15Z)-octadeca-9,12,15-trienoate     
BxbO Diisopropyl maleate     
BxbO 1,2-Benzenedicarboxylic acid, diisooctyl ester     
BxbO Squalene     

M: Mutagenic, T: Tumorigenic, I: Irritability, R.E. Reproductive effect. : Risk free, : Medium 

risk, : High risk., BxbO (Orange), BxbR1 (Rose1) and BxbR2 (Rose2). 
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4. Discussion 

The antioxidant potentiality of plant extracts was also extensively proven by using 

various assays in vitro [35]. The radical-scavenging assay and chelate transition metals 

have gained acceptance among researchers for their capacity to rapidly screen materials 

of interest. The phenolics derived from plants are well known as beneficial for human 

health due to their antioxidant activity, and they can act in different ways to protect cells 

from oxidative damage. Research found that micromolar concentrations of vitamin E and 

many polyphenols are effective against oxidative stress through the direct scavenging of 

reactive oxygen species, as shown in the cell culture model for the study of different dis-

eases. The mechanism of action includes the prevention of reactive species formation, 

scavenging radicals or repairing damage to target molecules [36]. The estimation of total 

phenolic content is an important parameter to determine the amounts of antioxidants 

[21,22,32–34]. The amount of total phenolic contents in the extracts varied among extracts 

samples. These differences could be due to the different physicochemical properties of the 

phenolic components. In extracts of Bougainvillea, various phenolic compounds were ob-

tained, and we investigated the antioxidant activity of extracts [21,22,33,34]. We have doc-

umented that Bougainvillea extracts have significant antioxidant capacity due to their phe-

nolic compounds [22,32–34]. In the present study, the ability to inhibit DPPH production 

appeared to be significantly potent in all Bougainvillea extracts. With respect to the ORAC 

assay based on the delay of oxidation, the ORAC values of different extracts obtained in 

this study ranged from 7114.43 to 8105.38 µmol Trolox/g of dry extract, suggesting the 

extraction system used in this study was efficient at extracting potent antioxidant com-

pounds. 

The antioxidant activity of Bxb extract is thought to be related to its content of phe-

nolic compounds. However, these molecules are unstable and could easily suffer degra-

dation. Therefore, some parameters such as temperature, exposure to O2, and the time of 

extraction should be monitored during the extraction process to avoid the loss of biologi-

cal activity as a consequence of the phenolic compound degradation [36]. In this study, 

the scavenging properties of Bxb extracts were tested in vitro using the NO scavenging 

method. The NO is mediated by an antioxidant compound through nitrogen atom dona-

tion, forming a stable compound. Although the Bxb extracts revealed an interesting anti-

oxidant activity at higher concentrations, they were harmful to L929 cells in culture. In 

L929 cells treated with 1 mg/mL extract concentrations, the viability percentages were 

around 80%. Concentrations of 2 to 4 mg/mL of Bxb extracts were cytotoxic to L929 cells 

by around 30% after 24 and 48 h of exposure. This effect could be explained by a possible 

pro-oxidant property exerted by high concentrations of antioxidants. The phenolics com-

pounds were capable of converting iron and cooper ions into their reduction forms which 

react with hydrogen peroxide to produce the highly toxic hydroxyl radicals [37,38]]. Fac-

tors that contribute to turning antioxidants into pro-oxidants included the concentrations 

of the antioxidants, nature of the neighboring molecules and availability of transitions 

metals [39,40]. Nitrile oxide is a compound synthesized by living organisms from the mo-

ment that nitric oxide synthase (NOS) becomes catalytically active, converting the amino 

acid L-arginine to NO and L-citrulline. When stimulated, human phagocytes can also pro-

duce this radical in greater quantities. It is a free radical that acts on a variety of biological 

processes, such as muscle relaxation, transmission, and immune regulation. While diffus-

ing rapidly between and within cells, it is not reactive enough to attack DNA directly; 

however, it can react with the superoxide anion radical O2, and when exposed to air, it 

reacts with oxygen, forming NO2 [41,42]. 

Hydrogen peroxide alone is practically innocuous, and although it is not considered 

a free and important radical, it can easily diffuse through cell membranes and participate 

in reactions that produce the OH- radical in the presence of metals such as iron. H2O2 in 

vivo is generated by the dismutation of O2- or by the β-oxidation of fatty acids [43]. All 

Bxb extracts at concentrations between 0.001 and 1 mg/mL were investigated regarding 

their protective effect using an in vitro oxidative stress model. For this, L929 cells were 
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exposed to H2O2 for 3 h, and the extracts were added to the culture medium before or after 

H2O2 exposure. In addition, cells were also treated with a combination of Bxb extracts and 

H2O2 for 24 h. Hydrogen peroxide-induced oxidative stress concomitantly or after the ex-

tracts was lethal for L929 cells. H2O2 is a small uncharged molecule that could diffuse 

through cellular membranes easily [44]. This rapid transport to inside the cell could be 

responsible for the deleterious effect of H2O2 that acted faster than the cytoprotective phy-

tochemicals added to the culture medium. The mitochondria that are sources of O2 are 

also rich in dismutase superoxide (SOD) that converts this anion radical into H2O2, and, 

thus, the hydrogen peroxide generated and partially eliminated by catalase, peroxidase 

glutathione and peroxidase linked to thioredoxin. However, this elimination has low effi-

ciency, and a large part of the H2O2 is released from other regions of the cell. 

Extracts added before H2O2 exposure were effective in protecting L929 cells from 

death, mainly with the BxbR2 extract. Preincubation with the extracts led to metabolic 

changes that resulted in cytoprotective effects against severe stress caused by H2O2. Phy-

tochemicals can promote mild stress induction that elicits adaptative beneficial responses, 

thereby increasing protection against a further oxidative challenge. This process is known 

as hormesis and might contribute to explaining the results herein described [45,46]. 

Protection against oxidative stress occurs through two mechanisms [47]. First, the 

antioxidant functions through a direct antioxidant system, where the antioxidants are re-

dox active with a lifespan and are sacrificed when they act on ROS. Due to this direct 

effect, antioxidants need to be regenerated so that they can curtail ROS levels. The second 

mechanism is an indirect antioxidant effect, which can trigger the self-defense mecha-

nisms of the host cells to fight oxidative stress. Phenolic acids are divided into polyphe-

nols, oligophenols and monophenols or simple phenolic compounds such as benzoic and 

cinnamic acids and their hydroxylated derivatives. Hydroxycinnamic acid derivatives are 

naturally occurring phenolic compounds that have an aromatic ring with a carbon chain, 

consisting of three carbons attached to the ring. These acids exist in plants, usually in the 

form of esters, such as chlorogenic acid or the ester of quinic acid. They are also found in 

the form of glycosides or linked to proteins and other cell wall polymers and, rarely, as 

free acids. Isomers of chlorogenic acid and caffeic acid are described with antioxidants 

[48,49]. These groups of phenolic acids have shown antioxidant properties. Although 

other characteristics also contribute to the antioxidant activity of phenolic acids and their 

esters, this is generally determined by the number of hydroxyls present in the molecule 

[50]. The presence of a second hydroxyl in the ortho or para position also increases the 

antioxidant activity. The sequestering effect of the hydroxyl radical appears to be directly 

related to the hydroxyl groups located in the para position in the aromatic ring. 

In an in vivo model of the efficacy of 2-Hydroxycinnamic acid at a dose of 50 mg/kg 

body weight on oxidative stress in Winstar rats, a modest improvement in reactive oxygen 

species levels was demonstrated by induction with trichlorfon [51]. Therefore, it will be 

advisable to carry out studies in the future with other types of free radicals in an in vitro 

model in order to reduce the use of laboratory animals. 

The in silico analysis was carried out through PASSonline, a platform that makes 

predictions about biological activities through the structure–activity relationship with an 

accuracy greater than 95% [30]. The chemical compounds 2-Hydroxycinnamic acid and 3-

O-methyl-D-glucose are present in all three extracts; however, only 2-Hydroxycinnamic 

acid had high antioxidant and cytoprotective potential. The results obtained by the OSIRIS 

program on toxicity detected a greater number of molecules with a high risk of unwanted 

effects in the BxbO extract than in the other two extracts. 
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5. Conclusions 

The production of phenolic compounds by plants is vast (about 8000 compounds 

have already been detected). These compounds are natural constituents that exert antiox-

idant action due to their chemical structure (a benzene ring with associated hydroxyls), 

and they can provide several biological benefits. Among all that has been discovered, re-

search involving antioxidant agents in the B. × buttiana plant must continue, as they are of 

great importance for the pharmaceutical industry. With regard to the pharmaceutical 

field, the search continues for substances’ functional aspects in the fight against free radi-

cals and all the possible dangers they pose to human health. According to our results, we 

comparatively investigated the total phenolic contents of BxbO, BxbR1 and BxbR2 extracts 

and tested their antioxidant and cytoprotective activities. These extracts exerted scaveng-

ing activity on NO and DPPH radicals, with a higher inhibitory extend detected in the 

DPPH assay. Other potential antioxidant activity, determined using ORAC assay, showed 

that Bougainvillea extracts are active radical scavengers. In the present study, the results 

indicated that BxbO, BxbR1 and BxbR2 extracts exert antioxidant and protective activities 

against oxidative stress induced by H2O2 on L929 cells. The results obtained showed that 

these extracts exert a protective action by decreasing cell death and by inhibiting around 

of 64% of NO radical activity, suggesting that these phenolic contents may be useful for 

those oxidative stress-related degenerative diseases. Follow-up studies that isolate and 

test individual constituents in the extracts and different combination studies may help to 

determine the specific health-protective effects of each constituent. 

Author Contributions: Methodology, R.A.-V., M.C.-C. and V.L.P.; formal analysis, R.A.-V., M.C.-

C. and V.L.P.; investigation, R.A.-V., M.C.-C. and V.L.P.; resources R.A.-V., M.C.-C. and V.L.P.; data 

curation, R.A.-V., M.C.-C. and V.L.P.; writing—original draft preparation, R.A.-V., and V.L.P.; writ-

ing—review and editing, R.A.-V. and V.L.P.; project administration, V.L.P.; funding acquisition, 

V.L.P. All authors have read and agreed to the published version of the manuscript. 

Funding: This work was supported by the Secretaría de Educación Pública (SEP-PROMEP) and the 

Consejo Nacional de Ciencia y Tecnología (CONACyT), Mexico under number ON.551–6/18–7513. 

Informed Consent Statement: Not applicable. 

Data Availability Statement: The data are contained within the article. 

Conflicts of Interest: The authors declare that they have no conflicts of interest. The funding spon-

sors contributed the scholarship payment and had no role in the study design, collection, analysis, 

or interpretation of the data; in the writing of the manuscript; or in the decision to publish the re-

sults. 

References 

1. Hajam, Y.A.; Rani, R.; Ganie, S.Y.; Sheikh, T.A.; Javaid, D.; Qadri, S.S.; Pramodh, S.; Alsulimani, A.; Alkhanani, M.F.; Harakeh, 

S.; et al. Oxidative Stress in Human Pathology and Aging: Molecular Mechanisms and Perspectives. Cells 2022, 11, 552. 

2. Adwas, A.A.; Elsayed, A.; Azab, A.E.; Quwaydir, F.A. Oxidative Stress and Antioxidant Mechanisms in Human Body. J. Appl. 

Biotechnol. Bioeng. 2019, 6, 43–47. 

3. Sundaram Sanjay, S.; Shukla, A.K. Free Radicals Versus Antioxidants. In Potential Therapeutic Applications of Nano-Antioxidants; 

Springer: Singapore, 2021; pp. 1–17. 

4. Ali, S.S.; Ahsan, H.; Zia, M.K.; Siddiqui, T.; Khan, F.H. Understanding Oxidants and Antioxidants: Classical Team with New 

Players. J. Food Biochem. 2020, 44, e13145. 

5. Kruk, J.; Aboul-Enein, H.Y.; Kładna, A.; Bowser, J.E. Oxidative Stress in Biological Systems and Its Relation with Pathophysio-

logical Functions: The Effect of Physical Activity on Cellular Redox Homeostasis. Free Radic. Res. 2019, 53, 497–521. 

6. Munteanu, I.G.; Apetrei, C. Analytical Methods Used in Determining Antioxidant Activity: A Review. Int. J. Mol. Sci. 2021, 22, 

3380–3410. 

7. Sundaram Sanjay, S.; Shukla, A.K. Mechanism of Antioxidant Activity. In Potential Therapeutic Applications of Nano-Antioxidants; 

Springer: Singapore, 2021; pp. 83–99. 

8. Radi, R. Oxygen Radicals, Nitric Oxide, and Peroxynitrite: Redox Pathways in Molecular Medicine. Proc. Natl. Acad. Sci. USA 

2018, 115, 5839–5848. 

9. Parcheta, M.; Świsłocka, R.; Orzechowska, S.; Akimowicz, M.; Choińska, R.; Lewandowski, W. Recent Developments in Effec-

tive Antioxidants: The Structure and Antioxidant Properties. Materials 2021, 14, 1984. 



Molecules 2022, 27, 6555 18 of 19 
 

 

10. Juan, C.A.; Pérez de la Lastra, J.M.; Plou, F.J.; Pérez-Lebeña, E. The Chemistry of Reactive Oxygen Species (ROS) Revisited: 

Outlining Their Role in Biological Macromolecules (DNA, Lipids and Proteins) and Induced Pathologies. Int. J. Mol. Sci. 2021, 

22, 4642. 

11. Winterbourn, C.C. Biological Chemistry of Superoxide Radicals. ChemTexts 2020, 6, 7. 

12. Lundberg, J.O.; Weitzberg, E. Nitric Oxide Signaling in Health and Disease. Cell 2022, 185, 2853–2878. 

13. Ford, P.C.; Miranda, K.M. The Solution Chemistry of Nitric Oxide and Other Reactive Nitrogen Species. Nitric Oxide 2020, 103, 

31–46. 

14. Sies, H.; Belousov, V.V.; Chandel, N.S.; Davies, M.J.; Jones, D.P.; Mann, G.E.; Murphy, M.P.; Yamamoto, M.; Winterbourn, C. 

Defining Roles of Specific Reactive Oxygen Species (ROS) in Cell Biology and Physiology. Nat. Rev. Mol. Cell Biol. 2022, 23, 499–

515. 

15. Chirkov, Y.Y.; Nguyen, T.H.; Horowitz, J.D. Impairment of Anti-Aggregatory Responses to Nitric Oxide and Prostacyclin: 

Mechanisms and Clinical Implications in Cardiovascular Disease. Int. J. Mol. Sci. 2022, 23, 1042. 

16. Carlström, M. Nitric Oxide Signalling in Kidney Regulation and Cardiometabolic Health. Nat. Rev. Nephrol. 2021, 17, 575–590. 

17. Kim, S.-H.; Choi, H.-J.; Oh, H.-T.; Chung, M.-J.; Cui, C.-B.; Ham, S.-S. Cytoprotective Effect by Antioxidant Activity of Codonopsis 

lanceolata and Platycodon grandiflorum Ethyl Acetate Fraction in Human HepG2 Cells. Korean J. Food Sci. Technol. 2008, 40, 696–

701. 

18. Kamm, A.; Przychodzen, P.; Kuban-Jankowska, A.; Jacewicz, D.; Dabrowska, A.M.; Nussberger, S.; Wozniak, M.; Gorska-Poni-

kowska, M. Nitric Oxide and Its Derivatives in the Cancer Battlefield. Nitric oxide 2019, 93, 102–114. 

19. Compaore, M.; Bakasso, S.; Meda, R.N.T.; Nacoulma, O.G. Antioxidant and Anti-Inflammatory Activities of Fractions from 

Bidens engleri O.E. Schulz (Asteraceae) and Boerhavia erecta L. (Nyctaginaceae). Medicines 2018, 5, 53. https://doi.org/10.3390/med-

icines5020053. 

20. Saleem, H.; Htar, T.T.; Naidu, R.; Zengin, G.; Ahmad, I.; Ahemad, N. Phytochemical Profiling, Antioxidant, Enzyme Inhibition 

and Cytotoxic Potential of Bougainvillea glabra Flowers. Nat. Prod. Res. 2020, 34, 2602–2606. 

https://doi.org/10.1080/14786419.2018.1543684. 

21. Alvarez Perez Gil, A.L.; Barbosa Navarro, L.; Patipo Vera, M.; Petricevich, V.L. Anti-Inflammatory and Antinociceptive Activ-

ities of the Ethanolic Extract of Bougainvillea xbuttiana. J. Ethnopharmacol. 2012, 144, 712–719. 

22. Arteaga Figueroa, L.; Abarca-Vargas, R.; García Alanis, C.; Petricevich, V.L. Comparison between Peritoneal Macrophage Acti-

vation by Bougainvillea xbuttiana Extract and LPS and/or Interleukins. Biomed Res. Int. 2017, 2017, Article ID 4602952. 

23. da Silva, J.K.R.; Andrade, E.H.A.; Guimaraes, E.F.; Maia, J.G.S. Essential Oil Composition, Antioxidant Capacity and Antifungal 

Activity of Piper divaricatum. Nat. Prod. Commun. 2010, 5, 1934578X1000500327. 

24. Abarca-Vargas, R.; Peña Malacara, C.; Petricevich, V. Characterization of Chemical Compounds with Antioxidant and Cytotoxic 

Activities in Bougainvillea × buttiana Holttum and Standl, (Var. Rose) Extracts. Antioxidants 2016, 5, 45. https://doi.org/10.3390/an-

tiox5040045. 

25. Dávalos, A.; Gómez-Cordovés, C.; Bartolomé, B. Extending Applicability of the Oxygen Radical Absorbance Capacity (ORAC− 

Fluorescein) Assay. J. Agric. Food Chem. 2004, 52, 48–54. 

26. Akkari, H.; Hajaji, S.; B’chir, F.; Rekik, M.; Gharbi, M. Correlation of Polyphenolic Content with Radical-Scavenging Capacity 

and Anthelmintic Effects of Rubus ulmifolius (Rosaceae) against Haemonchus Contortus. Vet. Parasitol. 2016, 221, 46–53. 

27. Maia, L.B.; Moura, J.J.G. Nitrite Reduction by Molybdoenzymes: A New Class of Nitric Oxide-Forming Nitrite Reductases. JBIC 

J. Biol. Inorg. Chem. 2015, 20, 403–433. 

28. Balekar, N.; Jain, D.K.; Dixit, P.V.; Bhadoriya, S.S. Evaluation of Antiulcer Activity of Whole Plant Extract of Malvastrum tricus-

pidatum in Experimental Animals. Iran. J. Pharmacol. Ther. 2012, 11, 53–59. 

29. Marvin MarvinSketch 22.13 2022. Available online: http://www.chemaxon.com (accessed on 1 August 2022). 

30. PASSonline Available online: http://www.way2drug.com/passonline/predict.php (accessed on 1 August 2022). 

31. Sander, T. OSIRIS Property Explorer. Available online: https://www.organic-chemistry.org/prog/peo/ (accessed on 1 August 

2022). 

32. Arteaga Figueroa, L.; Barbosa Navarro, L.; Patino Vera, M.; Petricevich, V.L. Preliminary Studies of the Immunomodulator 

Effect of the Bougainvillea xbuttiana Extract in a Mouse Model. Evid. Based. Complement. Alternat. Med. 2015, 2015, Article ID 

479412. https://doi.org/10.1155/2015/479412. 

33. Abarca-Vargas, R.; Petricevich, V.L. Bougainvillea Genus: A Review on Phytochemistry, Pharmacology, and Toxicology. Evi-

dence-Based Complement. Altern. Med. eCAM 2018, 2018, 9070927. 

34. Villanueva Guerrero, R.; Abarca-Vargas, R.; Petricevich, V.L. Chemical Compounds and Biological Activity of an Extract from 

Bougainvillea × buttiana (Var. Rose) Holttum and Standl. Int J Pharm Pharm Sci 2017, 9, 42–46. 

35. Pohl, F.; Kong Thoo Lin, P. The Potential Use of Plant Natural Products and Plant Extracts with Antioxidant Properties for the 

Prevention/Treatment of Neurodegenerative Diseases: In Vitro, In Vivo and Clinical Trials. Molecules 2018, 23, 3283. 

36. Engwa, G.A.; EnNwekegwa, F.N.; Nkeh-Chungag, B.N. Free Radicals, Oxidative Stress-Related Diseases and Antioxidant Sup-

plementation. Altern. Ther. Health Med. 2022, 28, 114–128. 

37. Moseley, R.; Stewart, J.E.; Stephens, P.; Waddington, R.J.; Thomas, D.W. Extracellular Matrix Metabolites as Potential Bi-

omarkers of Disease Activity in Wound Fluid: Lessons Learned from Other Inflammatory Diseases? Br. J. Dermatol. 2004, 150, 

401–413. 



Molecules 2022, 27, 6555 19 of 19 
 

 

38. Fellegrini, N.; Ke, R.; Yang, M.; Rice-Evans, C. Screening of Dietary Carotenoids and Carotenoid-Rich Fruit Extracts for Antiox-

idant Activities Applying 2, 2′-Azinobis (3-Ethylenebenzothiazoline-6-Sulfonic Acid Radical Cation Decolorization Assay. In 

Methods in Enzymology; Elsevier: Amsterdam, The Netherlands, 1999; Volume 299, pp. 379–389, ISBN 0076-6879. 

39. Leite-Legatti, A.V.; Batista, Â.G.; Dragano, N.R.V.; Marques, A.C.; Malta, L.G.; Riccio, M.F.; Eberlin, M.N.; Machado, A.R.T.; de 

Carvalho-Silva, L.B.; Ruiz, A.L.T.G. Jaboticaba peel: Antioxidant Compounds, Antiproliferative and Antimutagenic Activities. 

Food Res. Int. 2012, 49, 596–603. 

40. Batista, Â.G.; Lenquiste, S.A.; Cazarin, C.B.B.; da Silva, J.K.; Luiz-Ferreira, A.; Bogusz Jr, S.; Hantao, L.W.; de Souza, R.N.; Au-

gusto, F.; Prado, M.A. Intake of Jaboticaba peel Attenuates Oxidative Stress in Tissues and Reduces Circulating Saturated Lipids 

of Rats with High-Fat Diet-Induced Obesity. J. Funct. Foods 2014, 6, 450–461. 

41. Kim, Y.K.; Guo, Q.; Packer, L. Free Radical Scavenging Activity of Red Ginseng Aqueous Extracts. Toxicology 2002, 172, 149–

156. 

42. de Castro, V.C.; da Silva, P.H.A.; de Oliveira, E.B.; Desobry, S.; Humeau, C. Extraction, Identification and Enzymatic Synthesis 

of Acylated Derivatives of Anthocyanins from Jaboticaba (Myrciaria cauliflora) Fruits. Int. J. food Sci. Technol. 2014, 49, 196–204. 

43. Gangwar, M.; Gautam, M.K.; Ghildiyal, S.; Nath, G.; Goel, R.K. Mallotus Philippinensis Muell. Arg Fruit Glandular Hairs Ex-

tract Promotes Wound Healing on Different Wound Model in Rats. BMC Complement. Altern. Med. 2015, 15, 123.. 

44. Möller, M.N.; Cuevasanta, E.; Orrico, F.; Lopez, A.C.; Thomson, L.; Denicola, A. Diffusion and Transport of Reactive Species 

across Cell Membranes. In Bioactive Lipids in Health and Disease; Springer International Publishing: Cham, Switzerland, 2019, 

pp. 3–19. 

45. Fulda, S.; Vucic, D. Targeting IAP Proteins for Therapeutic Intervention in Cancer. Nat. Rev. Drug Discov. 2012, 11, 109–124. 

46. Waligórska-Stachura, J.; Jankowska, A.; Waśko, R.; Liebert, W.; Biczysko, M.; Czarnywojtek, A.; Baszko-Błaszyk, D.; Shimek, V.; 

Ruchała, M. Survivin–Prognostic Tumor Biomarker in Human Neoplasms–Review. Ginekol. Pol. 2012, 83. 537–540. 

47. Dinkova-Kostova, A.T.; Talalay, P. Direct and Indirect Antioxidant Properties of Inducers of Cytoprotective Proteins. Mol. Nutr. 

Food Res. 2008, 52, S128–S138. 

48. Tajner-Czopek, A.; Gertchen, M.; Rytel, E.; Kita, A.; Kucharska, A.Z.; Sokół-Łętowska, A. Study of Antioxidant Activity of Some 

Medicinal Plants Having High Content of Caffeic Acid Derivatives. Antioxidants 2020, 9, 412. 

49. Marchiosi, R.; dos Santos, W.D.; Constantin, R.P.; de Lima, R.B.; Soares, A.R.; Finger-Teixeira, A.; Mota, T.R.; de Oliveira, D.M.; 

Foletto-Felipe, M. de P.; Abrahão, J.; et al. Biosynthesis and Metabolic Actions of Simple Phenolic Acids in Plants. Phytochem. 

Rev. 2020, 19, 865–906. https://doi.org/10.1007/s11101-020-09689-2. 

50. Kumar, N.; Goel, N. Phenolic Acids: Natural Versatile Molecules with Promising Therapeutic Applications. Biotechnol. Reports 

2019, 24, e00370. https://doi.org/10.1016/j.btre.2019.e00370. 

51. Sharma, P.; Singh, R. Efficacy of Trans-2-Hydroxycinnamic acid against Trichlorfon-Induced Oxidative Stress in Wistar Rats. 

Toxicol. Int. 2012, 19, 295–300. https://doi.org/10.4103/0971-6580.103671. 

 


