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Abstract: Trunk barks of Sacoglottis ceratocarpa Ducke (ScTB) are used in Amazonian folk medicine 

against hyperglycemia and dyslipidemia, although scientific information on efficacy and quality control is 

lacking. Thus, pharmacognostic parameters, qualitative phytochemical profile, antioxidant properties 

(DPPH, TEAC and FRAP), toxicity and cytotoxicity were evaluated. The purity tests in the quality 

control performed for the vegetable raw material showed compliance with the specifications in official 

compendiums. Tannins, catechins, terpenes and steroids were characterized. Bergenin, a gallic acid 

derivative, was isolated and identified. The ScTB was rich in total phenolic (0.420-0.562 g/g) and 

flavonoid (11.37-24.31 mg/g) content, and considerable antioxidant potential. ScTB did not demonstrate 

cytotoxicity for human erythrocytes and renal fibroblasts, nor toxicity for brine shrimp. The results 

demonstrated the importance of the pharmacognostic study for the immediate knowledge of the quality 

and qualitative chemical profile of the trunk barks, contributing to the safe and effective use of the 

species. 
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Resumen: La corteza del tronco de Sacoglottis ceratocarpa Ducke (ScTB) se utiliza en la medicina 

popular Amazónica contra la hiperglucemia y la dislipidemia, aunque se carece de información científica 

sobre su eficacia y control de calidad. Así, se evaluaron parámetros farmacognósticos, perfil fitoquímico 

cualitativo, propiedades antioxidantes (DPPH, TEAC y FRAP), toxicidad y citotoxicidad. Las pruebas de 

pureza de la materia prima vegetal demostraron el cumplimiento de las especificaciones de los 

compendios oficiales. Se caracterizaron taninos, catequinas, terpenos y esteroides. Se aisló e identificó la 

bergenina, un derivado del ácido gálico. El ScTB fue rico en contenido fenólico total (0,420-0,562 g/g) y 

flavonoides (11,37-24,31 mg/g), y un considerable potencial antioxidante. ScTb no demostró 

citotoxicidad para células humanas, ni toxicidad para camarones en salmuera. Los resultados demostraron 

la importancia del estudio farmacognóstico para el conocimiento inmediato de la calidad y perfil químico 

cualitativo de las cortezas del tronco, contribuyendo al uso seguro y eficaz de la especie. 

 

Palabras clave: Propiedades antioxidantes; Humiriaceae; Perfil fitoquímico; Toxicidad; Uso tradicional. 
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INTRODUCTION 

Brazil stands out among the world's ecosystems due 

to its high biodiversity value. The abundance of plant 

species still unknown, mainly from the Amazon 

biome, represents a bioresource of important 

chemical substances that may have bioactivities of 

great medicinal interest (Arruda et al., 2018). Most 

species of this biome are used in different 

preparations based on the associated popular and 

traditional use for the treatment of various diseases 

(Schultes & Raffauf, 1990; Nunomura et al., 2009; 

Bento et al., 2014; Alade et al., 2017; De Oliveira et 

al., 2017). As a promising source of natural bioactive 

compounds, these species can serve as a model for 

the development of new therapeutic options (Nafiu et 

al., 2017; Kim et al., 2021).  

It is known that the quality of bioactive 

chemical compounds present in plants used as natural 

medicine can vary greatly, due to biotic and abiotic 

influences. This may result in interference with 

therapeutic efficacy, as well as making the species 

toxic (Kim et al., 2021). For the establishment of a 

consistent phytochemical profile and proof of the 

safety and quality of medicinal plants, it is essential 

to standardize the preparation of the plant material 

through evaluation of some pharmacognostic 

parameters (Bessa et al., 2013; Chanda, 2014; Kim et 

al., 2021). This standardization is important to ensure 

the quality and identity of the species and to control 

the variability in the content of chemical constituents. 

Therefore, it is essential to establish specifications 

such as collection, purity and physical-chemical 

aspects of the plant material in order to ensure the 

correct, safe and effective use by the population 

(Chanda, 2014; Nafiu et al., 2017; Patnala & Kanfer, 

2021). 

Species of the Humiriaceae have aroused 

scientific interest due to the various extractive 

products used as natural medicine by different folks 

from tropical and neotropical regions (Bove & 

Melhem, 2000). Among the species that have aroused 

medicinal interest in popular medicine in the 

Brazilian Amazon are those of the Sacoglottis genus. 

Sacoglottis ceratocarpa Ducke, or “achuá”, 

is a small to large tree that reaches up to 30 meters in 

height, being native and endemic to the Brazilian 

Amazon. It is also found in Colombia, Bolivia, Peru 

and Venezuela (Cuatrecasas 1945; Ducke, 1945; 

Cuatrecasas, 1961; Woodson et al., 1975; Schultes, 

1979; Carvalho & Holanda, 2018). The trunk barks of 

S. ceratocarpa (ScTB) are used by traditional 

communities in respiratory problems and to reduce 

serum levels of glucose and cholesterol. They are 

also used as a natural medicine due to their 

expectorant, antimicrobial, anti-inflammatory and 

obesity control properties, associated or not with 

other species of the genus (Schultes & Raffauf, 1990; 

Mohagheghzadeh et al., 2006; Bento et al., 2014). 

Although it is not a pharmacopoeial plant and 

does not have an official monograph, the ScTB is 

sold in popular fairs and herbalists in the Brazilian 

Amazon region. There is a lack of data and studies 

that prove the quality and efficacy for the safe and 

rational use of this species as a natural medicine. 

Furthermore, its chemical composition and toxicity 

are unknown. Thus, the present study aimed to define 

the pharmacognostic parameters, prepare and purify 

the plant extract from the ScTB and investigate 

qualitative phytochemical profile. As well evaluate 

the antioxidant properties and test the preliminary in 

vivo toxicity and in vitro cytotoxicity, in order to 

contribute to the immediate knowledge of the quality, 

qualitative chemical profile and toxicity for safe and 

effective use of this species. 

 

MATERIALS AND METHODS 

Plant material 

Trunk barks of Sacoglottis ceratocarpa Ducke were 

collected from a specimen cataloged and identified in 

the herbarium of the “Instituto Nacional de Pesquisa 

da Amazônia (INPA)”, voucher number 177668. The 

collection was carried out in june, at the “Reserva 

Florestal Adolpho Ducke”, Manaus, Amazonas, 

Brazil (02°53`S and 59°58'W). Proof of collection 

and transport of botanical material number 52964 and 

authorization for activities with scientific purpose 

number 54035, issued by the Ministry of the 

Environment of Brazil through SISGEn, ICMBio and 

SISBio, were granted. The trunk barks collected were 

smooth and thin. They were dried in an drying oven 

for 48 hours at 35-40°C, crushed and pulverized to 

obtain the powder. 

 

Pharmacognostic assays 

The pharmacognostic assays were performed in 

triplicate according to the methods described by 

Brasil (2019). 

 

Total ash 

To determine the total ash content, the ScTB powder 
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(3 g) was incinerated using a temperature gradient 

from 200ºC to 600ºC for approximately 180 minutes. 

At the end of the process, the incineration product 

was left in a desiccator to cool and then the resulting 

mass of ash was recorded. The result was expressed 

as an average percentage of total ash (TA%) 

according to: TA% = [(fresh powder (g)/(incinerated 

powder (g)] x 100. 

 

Moisture content 

For this purpose, approximately 2 g of ScTB powder 

were weighed exactly. The containers with the 

powder were kept in an oven at 100-105ºC, firstly for 

3 hours. After this, the containers were allowed to 

cool in a desiccator and then the masses were 

registered in an analytical balance. This process was 

repeated until constant weight. The moisture content 

(MC%) was calculated according to: MC% = [(fresh 

powder (g) – (dry powder (g))/fresh powder (g)] x 

100. 

 

Powder particle size 

In this assay, exactly 25 g of ScTB powder were 

weighed and placed on top of a set of vibrating 

sieves, whose mesh openings ranged from 53 to 300 

μm. A medium vibration was maintained for 25 min. 

The mass of powder retained in each mesh was 

weighed and the retention percentage (R%) was 

calculeted as: R% = [(powder on the sieve 

(g)/(powder on the sieve and collector (g)] x 100. The 

particle size of the powder (µm) was obtained 

through the linear regression between the percentages 

of passage and retention of the powder in the sieve. 

 

Uncompacted bulk density  

For the uncompacted bulk density assay, a graduated 

cylinder with a volume of 100 mL was used, which 

was filled to its total volume with the sieved ScTB 

powder. Uncompacted bulk density (g/mL) was 

calculeted as: UBD = [(graduated cylinder with 

powder (g) – (graduated cylinder without 

powder)/(total volume of the graduated cylinder)]. 

 

Ethanolic extract preparation 

The ethanolic extract was prepared using a Soxhlet 

apparatus, modified by Carvalho et. al. (2009), 

patented by the National Institute of Industrial 

Property under No. 0601703-7 A2. The ScTB powder 

(500 g) and absolute ethanol (1.5 L) kept under reflux 

until exhaustively complete extraction (± 20 h). Then, 

the liquid extract was vacuum filtered, concentrated 

in a rotary evaporator and dried at room temperature, 

vielding the dry ethanolic extract named ESC. 

 

Phytochemical prospection 

Qualitative phytochemical profile 

Thin-layer chromatography (TLC) phytochemical 

screening of ESC (10 mg/mL) was performed 

according to the methods described by Wagner & 

Bladt (1996). Hexane:chloroform (7:3), 

hexane:chloroform (3:7), Hexane:ethyl acetate (8:2), 

hexane:ethyl acetate (2:8), chloroform:ethyl acetate 

(7:3) , chloroform:ethyl acetate (3:7), 

chloroform:methanol (7:3), chloroform:methanol 

(3:7), ethyl acetate:methanol (7:3), ethyl 

acetate:methanol (3:7 ), butanol:acetic acid:water 

(4:1:1), ethyl acetate:formic acid:water (100:10:5) 

and ethyl acetate:formic acid:acetic acid:water 

(100:11:11:27), were used as mobile phases. Sulfuric 

vanillin, ceric sulfate, dragendorff reagent, 

diphenylboryloxyethylamine polyethylene glycol 

(NP-PEG) and ferric chloride were the and 

development solutions. Gallic acid, tannic acid, 

catechin, quercetin, rutin and bergenin were used as 

comparison standards.  

 

Purification of ESC  

A chromatography column was prepared from 5 g of 

the ESC solubilized in methanol and incorporated in 

silica gel 60 (10 g). Through this column, the sample 

was eluted by passing a solvent mixture initiated by 

hexane (100), to hexane:dichloromethane (95:5), 

dichloromethane (100), dichloromethane:ethyl 

acetate (90:10), ethyl acetate (100), ethyl 

acetate:methanol (90:10), and ending in methanol 

(100). The eluates collected in each gradient were 

allowed to evaporate at room temperature. 

 

Chemical characterization of isolated compound 

Samples eluted with dichloromethane:ethyl acetate 

(20:80), dichloromethane:ethyl acetate (10:90), ethyl 

acetate:methanol (40:60), and ethyl acetate:methanol 

(30:70) showed similarity on ccd, being gathered and 

yielding a slightly white crystalline powder. 

Thereafter, it was left to evaporate at room 

temperature, resulting in 165 mg of a crystallized 

material, which was identified by X-ray diffraction 

and Nuclear Magnetic Resonance (13C{1H}and 1H 

NMR). 
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X-Ray Diffraction (XRD) 

A fragment of crystallized material purified from the 

ESC was analyzed in mineral oil and transferred to a 

mesh-type micro-assembly. A fragment of 

crystallized material purified from the ESC was 

analyzed in a Bruker-D8 Venture diffractometer 

equipped with a Photon100 CMOS area detector, 

graphite monochromator and Kryoflex II device. The 

analysis was performed at 100 K using the Cu-kα 

radiation source (λ = 0.54178 Å). The intensities of 

the reflections, collected at room temperature, were 

measured by ω and φ scans. The results obtained 

were compared with data from the Cambridge 

Structural Database (CSD) database. The values 

referring to the crystal structure were made with the 

program ORTEP3 (Farrugia, 2012).  

 
13C{1H} and 1H NMR  

Crystal sample isolated from ESC (5 mg/mL) was 

solubilized in MeOD-d4 containing 0.1% (v/v) 

tetramethylsilane (TMS). The 13C{1H} and 1H NMR 

spectra were acquired at room temperature 20°C (± 

5°C) in a Bruker AVANCE III 400 NMR 

spectrometer, operated at 9.4 Tesla, observing the 

nucleus of 13C{1H} and 1H at frequencies of 100.6 

and 400.1 MHz, respectively. The device was 

equipped with a 5 mm direct detection multinuclear 

probe (X-core and 1H) with a field gradient on the Z 

axis. The chemical shifts of 13C{1H} and 1H were 

expressed in parts per million (ppm) and referenced 

against the TMS signal, as an internal reference, at 

0.00 ppm. The data obtained were compared with the 

literature data. 

 
Total phenolic content (TPC) 

The TPC was determined in triplicate according to 

the method described by De Oliveira et al., (2017). 

Methanolic ESC solutions (2.5 to 20 μg/mL) were 

mixed with Folin-Ciocalteu reagent/sodium carbonate 

solution (10% w/v) and left for 25 minutes at room 

temperature in the dark. Absorbances were recorded 

in a spectrophotometer at 760 nm. The results were 

expressed in grams equivalent in gallic acid (g 

GAE/g), tannic acid (g TAE/g) and catechin (g EC/g) 

per gram of sample. To build the analytical curves, 

standard solutions were used: gallic acid (15 to 150 

μg/mL), tannic acid (40 to 180 μg/mL) and catechin 

(20 to 200 μg/mL). 

 

Total flavonoids content (TFC) 

The TFC was determined in triplicate according to 

the method described by De Oliveira et al. (2017). 

Methanolic solutions of ESC at 3 mg/mL were 

prepared by heating under reflux. This methanolic 

solution was diluted with deionized water and then 

clarified by partitioning with chloroform. The 

clarified hydromethanolic solution was centrifuged at 

3,500 rpm for 10 minutes and left under refrigeration 

(2-8°C) for 24 hours. The mixture of different 

volumes (50 to 400 µL) this hydromethanolic 

solution with 48 µL of glacial acetic acid, 800 µL of 

pyridine-methanol (2:8), 200 µL of anhydrous 

aluminum chloride 8% and 2 mL of methanol was 

left in rest for 30 minutes, at room temperature in the 

dark. Absorbances were recorded in a 

spectrophotometer at 415 nm and 420 nm. The results 

were expressed in milligram equivalent in quercetin 

(mg EQ/g) and rutin (mg ER/g) per gram of sample. 

To build the analytical curves, standard solutions 

were used: quercetin (12.5 to 250 μg/mL) and rutin 

(50 to 750 μg/mL). 

 

Antioxidant properties: DPPH radical reduction  

The DPPH radical reduction assay was determined in 

triplicate using the method described by Rocha et al. 

(2010). 300 µM DPPH ethanolic solution was reacted 

for 30 min with ethanolic solutions of ESC (2.5 to 15 

µg/mL), Bergenin (3.5 to 49 µg/mL), or standardized 

dry extract of Ginkgo biloba (5 to 75 µg/mL) used for 

comparison. After the reaction time, at room 

temperature, in the dark, the absorbances were 

recorded in a spectrophotometer at 517 nm. The 

percentages of antioxidant activity (AA%) were 

calculated according to: AA% = 100 – [(sample 

absorbance) – (blank absorbance)/(DPPH 

absorbance) x 100)]. The results were expressed in 

50% effective concentration (EC50) 

 

Trolox equivalente antioxidant capacity (TEAC) 

The TEAC was determined in triplicate using the 

method described by Re et al. (1999). A volume of 

9.82 mL of the aqueous solution of ABTS•+ was left 

to react with 0.176 mL of potassium persulfate 

(K2S2O8: 2.45 mM), in the dark, for 16 hours, at room 

temperature, to generate the ABTS•+ radical (7 mM). 

Reaction kinetics after mixing 30 µL of methanolic 

solutions of ESC (2.5 to 10 μg/mL), Bergenin (7 to 

21 μg/mL) or Trolox (0.75 to 6.0 μg/mL) with 2970 

µL of ABTS•+ solution (7 mM), were measured for 5 
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minutes in 30-second periods. The absorbances of the 

samples were measured in a spectrophotometer at 

734 nm. Radical inhibition percentages were 

calculated using an integrated area under absorbance 

decay curves (AUC) according to: I% = [(ABTS•+ 

decay curve) - (sample decay curve)/(ABTS•+ decay 

curve)] x 100. The TEAC value was calculated by the 

ratio of the slope coefficients of the linear regression 

of the samples to that of Trolox.  

 

Ferric reducing antioxidant potential (FRAP) 

For this assay the FRAP reagent was prepared by 

mixing 2.5 ml of TPTZ (10 mM) in 40 mM 

hydrochloric acid, 2.5 ml of 216 mM ferric chloride 

in deionized water and 25 mL of 0.3 M sodium 

acetate buffer, pH 3.6. The mixture was left in the 

dark for 30 minutes at 37°C to generate the Fe+3-

TPTZ radical (Pulido et al., 2000). The assay was 

performed by reacting methanolic solutions of ESC 

(0.5 to 3.5 µg/mL) or Bergenin (40 to 100 µg/mL) 

with the FRAP reagent for 30 minutes at 37°C in the 

dark. Absorbances were recorded in a 

spectrophotometer at 593 nm. Gallic acid (8.5 to 55 

μg/mL), tannic acid (55 to 155 μg/mL), catechin (35 

to 85 μg/mL), quercetin and rutin (15 to 120 μg/mL) 

were used for comparison. The results were 

expressed in equivalent concentration in micromol of 

ferrous ion (EC μmol Fe+2/L). To build the analytical 

curves, standard solution was used: FeSO4 (125 to 

2000 μM). 

 

In vivo toxicity assay: Brine shrimp lethality 

The in vivo assay was conducted in triplicate 

according to the method described by Meyer et al. 

(1982), with modifications. The mixture of 4.5 mL of 

Instant Ocean Sea Salt® (35% w/v), pH 8-10 and 500 

μL of the solutions in DMSO:H20 (1:9) of Quinidine 

sulfate (comparison standard), ESC or Bergenin (10 

to 1000 µg/mL) was incubated with 10 nauplli of 

Artemia salina Leach for 24 hours and allowed to 

rest, at ambient temperature and light. The average 

lethality percentages (L%) were calculated according 

to: L% = [(sample with dead nauplii) – (control with 

dead nauplii)/(100 – control with dead nauplii)] x 

100. Results were expressed as mean lethal 

concentration 50% (LC50). 

 

In vitro cytotoxicity assays: Human erythrocytes 

cytotoxicity 

The cytotoxicity assay was conducted in triplicate 

using the method described by Aslam et al. (2011), 

with modifications. The mixture of 180 μL of the 1% 

erythrocyte suspension (in phosphate buffered saline 

- PBS, pH 7.2-7.4) with 20 μL of the ESC or 

Bergenin solutions (10 to 1000 µg/mL) in 

DMSO:PBS (0.5:9.5) was incubated at 37°C ( 

overnight). After that, the reaction mixtures were 

centrifuged at 3,000 rpm for 5 minutes and the 

supernatants were used to record the absorbances in a 

spectrophotometer at 540 nm. The 1% saponin 

solution was used as a positive control (100% 

hemolysis) and the negative control consisted of 

DMSO:PBS (0.5:9.5). The average of the percentages 

of hemolysis (H%) was calculated according to: H% 

= [(supernatants absorbance) – (negative control 

absorbance)/(positive control absorbance) – (negative 

control absorbance)] x 100. Results were expressed 

as mean percentage of hemolysis. 

 

Human kidney fibroblastos cytotoxicity 

The cytotoxicity assay was performed in HEK-293 

cell line exhibiting epithelial morphology (isolated 

from the kidney of a human embryo). The MTT 

colorimetric method (Mosmann, 1983; Liu & Nair, 

2010) was used to determine the viability of HEK-

293 cells, with 90% confluence and at a density of 

2x104 cells/well, against ESC or Bergenin solutions 

(10, 100 and 500 μg/mL) in culture medium 

(DMEM/FBS and 1% penicillin/streptomycin) for 72 

h at 37°C and 5% CO2. The absorbances of purple 

formazan crystals dissolved in a solution of 

DMSO/Ethanol (1:1) were registered in a microplate 

reader at 570 nm. The percentages of cell viability 

(CV%), compared to the test samples, were 

calculated as: CV% = (sample absorbance − sample 

blank absorbance)/(negative control absorbance − 

white absorbance negative control)] x 100. Results 

were expressed as the percentage of cell viability 

relative to control (0.05% DMSO v/v), considered 

100%. 

 

Statistical analysis 

Results were expressed as the mean of three 

replicates ± standard deviation. Data comparisons 

between all groups were performed by ANOVA 

followed by Tukey's test using the GraphPad® prism 

program, version 5 (2007). The correlation between 

antioxidant properties and the content of phenolic 

compounds was evaluated by Pearson's coefficient 

(r). Statistical significance was assigned with a 95% 
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confidence interval (p<0.05) in all tests. 

 

RESULTS 

Pharmacognostic assays 

The data for total ash, moisture content, powder 

particle size, uncompacted bulk density and 

extractive content (Table No. 1), are in compliance 

with monographs of plant species. The ScTB powder 

was classified as semi-fin with particles size of 189 ± 

0.11 μm (Figure No. 1).  

 

Table No. 1 

Pharmacognostic assays 

Sample Total ash* 

(TA%) 

Moisture content* 

(MC%) 

Particle size 

(µm) 

Uncompacted 

bulk density* 

(UBD) 

Extractive content 

(%) 

ScTB powder 5,62 ± 0,37 

RV: 2 a 16 

7,02 ± 0,12 (after 3h) 

RV: 7 a 14 

189 ± 0,11 

Semi-fine 

0,515 ± 0,012 

RV: 0,1 a 0,7 

16,86 ± 0,22 

(Yield: 84,29 g) 

*Data represents the mean ± standard deviation of three independent experiments. RV: reference value 

(Amidon et al., 2017; Brasil, 2019) 
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Figure No. 1 

ScTB powder particle size 

*Data represents the mean ± standard deviation of three independent experiments 

 

 

Phytochemical prospection 

Qualitative phytochemical profile  

Phytochemical screening characterized fatty acids, 

terpenes (mono, di and triterpenes), steroids, 

metabolites of phenolic origin such as glycosylated 

flavonoids, non-glycosylated flavonoids, flavone, 

flavonol, as well as coumarin, catechin, hydrolysable 

and condensed tannin (Figures No. 2, Figures No. 3 

and Figures No. 4). Gallic acid and bergenin, a 

derivative of gallic acid, were identified by 

comparison with reference standard (Figure No. 2 

and Figure No. 3). 
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Figure No. 2 

Phytochemical screening by TLC. Ceric sulfate development solution, identification of terpenes and steroids 

(A), fatty acids and flavonoids (B), bergenin (C), standard bergenin (D). Sulfuric vanillin development 

solution, identification of monoterpenes, diterpenes and triterpenes (E, F, G, H), bergenin (I) and standard 

bergenin (J) 

 

 

 

 
 

                          

            

Figure No. 3 

Phytochemical screening by TLC. NP-PEG development solution, identification of coumarin (A), non-

glycosylated flavonoid (B), phenolic carboxylic acids and flavones (C, D and E), flavonol and glycosylated 

flavonoid (F), phenolic carboxylic acids and flavonol aglycone (G), phenolic carboxylic acids, non-

glycosylated flavonoid and flavonol (H and I), flavones and flavonol aglycone (J), gallic acid (K) standard 

gallic acid (L) 
 

 

 

A            B            C          D           E           F            G           H             I             J 

A           B           C          D           E           F          G           H          I            J          K         L         
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Figure No. 4 

Phytochemical screening by TLC. Ferric chloride development solution, identification of catechin and 

flavonoids (A), trihydroxylated phenolics (B), hydrolyzable tannin and trihydroxylated phenolics derived 

from gallic acid (C), condensed tannin and non-glycosylated flavonoid (D), condensed tannin and catechin 

(E) , condensed tannin, glycosylated and non-glycosylated flanonoid (F), condensed tannin (G), catechin and 

glycosylated and non-glycosylated flavonoid (H), catechin and dihydroxylated phenolic derivatives tannic 

acid (I), hydrolysable tannin and flavonoids (J) and tannin hydrolysable and trihydroxylated phenolics (K) 

 

 

 

Chemical characterization of isolated compound  

X-Ray Diffraction (XRD) 

Crystalline unit cell parameter data are in compliance 

with the Bergenin monohydrate structure described in 

the CSD database (Figure No. 5). Bergenin was 

crystallized in the orthorhombic space group P212121 

(Table No. 2). 

 

 

 

Table No 2 

Unit cell parameters of the dentified isolate 

Crystal data Experimental 

C14H16 O9.H2O  

Space group Orthorhombic P (P212121) 

a/Å 7.48 

b/Å 13.87 

c/Å 14.13 

α = β = γ/ ° 90 

Crystal volume / Å3 1466 

Rexp 3.1528 

Rwp 7.4972 

Adjustment quality, X2 2.3779 

Analysis temperature 200 K 
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Figure No 5 

ORTEP projection of the molecular structure of Bergenin monohydrate crystallized  

in the orthorhombic space group P212121 

 

 

 
13C{1H}and 1H NMR  

Structural elucidation of the isolated compound was 

performed by comparing the 13C{1H} and 1H NMR 

data with the literature (Nunomura et al., 2009). The 

data obtained showed compliance with that reported 

for Bergenin (Figure No. 6). 

 

 

 

 

 
 

Figure No. 6 

Structure of Bergenin monohydrate isolated from the trunk barks of Sacoglottis ceratocarpa Ducke 
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In the 1H spectrum (400.13 MHz, MeOD-d4) 

11 signals were observed (Table No. 3). Singlet at δ 

7.08 (1H) is typical of hydrogen bonded to an 

aromatic ring. Signals between δ 3.45 (dd, 9.5; 7.6, 

1H) and 4.07 (dd, 9.5; 10.04, 1H, H-14), are 

characteristic of hydrogen bonded to electronegative 

atoms (oxygen). The signal at δ 3.91 (3H; s) 

characterizes a methoxyl group. Doublet at δ 4.96 

(1H, 10.0), suggests of a sugar in the molecule 

structure. 

 

 

Table No 3 
13C{1H} and 1H NMR data for bergenin 

Position δC a δH a 

1   

2 165,80  

3 119,42  

4 111,11 7,08 (s, 1H) 

5 152,32  

6 142,31  

7 149,43  

8 117,33  

9 74,27 4,96 (d, 10,0, 1H) 

10   

11 83,05 3,69 (m, 1H) 

12 71,92 3,45 (dd, 9,5; 7,6, 1H) 

13 75,65 3,72 (dd, 9,5, 7,6, 1H) 

14 81,41 4,07 (dd, 10,4; 9,5, 1H) 

15 60,95 3,91 (s, 3H, OMe) 

16 62,70 3,68 (m, 1H) 

4,04 (dd, 11,7; 2,0, 1H) 
a NMR experimente performed at 100.6 MHZ for 13C{1H} and 440.1 MHZ for 1H on MeOD-d4.  

b (δ) Chemical shift in ppm 

 

 

 

 

In the spectrum of 13C{1H} (100.61 MHz, 

MeOD-d4), 14 signals were observed (Table No. 3). 

The signal at δ 165.8 is characteristic of the presence 

of cyclic ester carbon (lactone). The signals at δ 

111.1 (C-4), 119.4 (C-3), 117.3 (C-8), 142.3 (C-6), 

149.4 (C-7) and 152.3 (C-5) were assigned to the 

pentasubstituted aromatic ring. The signal at δ 60.9 

confirmed the presence of a methoxyl group in the 

molecule. Oxygen-linked carbon signals in the ranges 

δ 83.0 to 62.7 confirmed the presence of a glycosidic 

unit. 

 

Total phenolic and flavonoid content 

The ESC showed rich in total phenolic compounds 

(Figure No. 7A). The equivalent content of tannic 

acid (0.562 ± 0.017 g EAT/g) was higher than the 

equivalent content of catechin (0.464 ± 0.013 g EC/g) 

and gallic acid (0.420 ± 0.012 g EAG/g), ANOVA, 

p<0.05. The rutin equivalent glycosylated flavonoid 

content (24.31 ± 0.562 mg RE/g) was higher than the 

quercetin equivalent non-glycosylated flavonoid 

content (11.37 ± 0.265 mg QE/g), ANOVA, p<0.05, 

(Figure No. 7B).  
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Figure No 7 

Total phenolics and flavonoids content 

*Data represents the mean ± standard deviation of three independent experiments. a vs. b and b vs. c 

(p<0.001); a vs. c (p<0.01). (ANOVA and Tukey, p<0.05).  Total phenolic content (TPC). Total flavonoid 

content (TFC). Gallic acid equivalent (GAE). Tanic acid equivalent (TAE). Catechin equivalent (CE). 

Quercetin equivalent (QE). Rutin equivalent (RE) 
 

 

 

Antioxidant properties: DPPH radical reduction  

In the DPPH radical reduction assay, the ESC (EC50 

= 7.41 ± 0.22 µg/mL) and Bergenin (EC50 = 29.53 ± 

0.21 µg/mL) showed higher antioxidant activity than 

standardized extract of Ginkgo biloba (EC50 = 40.63 

± 2.09 μg/mL), widely known for its antioxidant 

activity and content of phenolic metabolites (Figure 

No. 8). 
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Figure No 8 

Effect of ESC and Bergenin on DPPH radical reduction  

*Data represents the mean ± standard deviation of three independent experiments. a vs. b; a vs. c; b vs. c 

(p<0.001). (ANOVA and Tukey, p<0.05). 50% effective concentration (EC50). Standardized dry extract of 

Ginkgo biloba (GB). Ethanolic extract from the trunk barks of Sacoglottis ceratocarpa Ducke (ESC) 
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Trolox equivalente antioxidant capacity (TEAC) 

The reaction kinetics of ESC, Bergenin and Trolox 

are shown in Figure No. 9. Trolox caused an 

instantaneous drop in the absorbance of the ABTS+ 

radical, without prolonging the reaction (Figure No. 

9A). The ESC reacted slowly, causing the initial 

drops in absorbances to be smaller. However, the 

reaction continued and extended over time (Figure 

No. 9B). For Bergenin, all reactions were slow, 

continuous and occurred gradually over time (Figure 

No. 9C). In this assay, the ESC (TEAC = 2.659 ± 

0.102) and Bergenin (TEAC = 1.23 ± 0.045) showed 

higher antioxidant activity than Trolox (TEAC = 1.0 

± 0.045), ANOVA, p<0.05. 
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Figure No 9 

Effect of ESC and Bergenin on ABTS•+ radical reduction kinetics 

*Data expressed as mean ± standard deviation of three independent experiments. *** vs. Trolox (p<0.001) 

and ** vs. Trolox (p<0.01). Ethanolic extract from the trunk barks of Sacoglottis ceratocarpa Ducke (ESC) 
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Ferric reducing antioxidant potential (FRAP) 

The ESC and Bergenin were highly effective in 

reducing Fe+2 (Figure No. 10). The ESC (EC = 

284.55 ± 0.13 μmol Fe+2/L) and Bergenin (EC = 

294.47 ± 1.69 μmol Fe+2/L), with quercetin (EC = 

276.50 ± 1.73 μmol Fe+2/L), catechin (EC = 281.90 ± 

6.92 μmol Fe+2/L) and tannic acid (EC = 290.02 ± 

0.81 μmol Fe+2/L), showed equivalent concentration 

lower than rutin (EC = 378.01 ± 17.20 μmol Fe+2/L) 

and gallic acid (EC = 395 .29 ± 1.41 μmol Fe+2/L) 

and, consequently, higher antioxidant power of 

reduction of the FRAP reagent than these compounds 

(ANOVA, p<0.05). 
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Figure No 10 

Effect of ESC and Bergenin on FRAP reagent reduction 

*Data represents the mean ± standard deviation of three independent experiments. a vs. b (p<0.001). 

(ANOVA and Tukey, p<0.05). Ethanolic extract from the trunk barks of Sacoglottis ceratocarpa Ducke 

(ESC) 

 

 

Pearson's coefficient (r) 

The correlation between total phenolic content (GAE, 

TAE and EC) and the antioxidant properties (DPPH, 

TEAC and FRAP) showed r >0.9, (p<0.001), i.e., 

very strong and positive correlations (Table No. 4). 

 

Table No. 4 

Pearson`s coefficient 

                                          Correlation (r)* 

 DPPH TEAC FRAP 

GAE 0,983 0,990 0,981 

TAE 0,987 0,993 0,983 

CE 0,989 0,997 0,986 

Gallic acid equivalent (GAE). Tannic acid equivalent (TAE). Catechin equivalent (CE). 2,2-Diphenyl-1-

picrylhydrazyl (DPPH). Trolox equivalent antioxidant capacity (TEAC). Ferric ion reducing antioxidant 

power (FRAP). * p<0.001 (ANOVA, p<0.05) 
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In vivo toxicity assay: Brine shrimp lethality 

In the in vivo toxicity assay the ESC and Bergenin 

showed LC50 > 1000 µg/mL and did not toxicity for 

brine shrimp, when compared to quinidine sulfate 

(LC50 = 165,91 ±18,91 µg/mL), ANOVA, p<0.05. 

Samples are toxic when LC50 < 1000 µg/mL (Meyer 

et al., 1982). 

 

In vitro cytotoxicity assays: Human erythrocytes 

cytotoxicity 

The ESC (H% = 1,60-3,27± 0,15) and Bergenin (H% 

= 0,53-5,80 ± 0,16) did not cytotoxic to human blood 

cells, when compared to positive control (100% 

hemolysis) and negative control (H% = 2.63 ± 

0.130), ANOVA, p<0.05. Samples are cytotoxic 

when H% ≥ 10-49%, in all tested concentrations 

(Pagano & Faggio, 2015). 

 

Human kidney fibroblastos cytotoxicity 

The ESC and Bergenin did not cytotoxic to HEK-293 

cells (Figure No. 11). The lowest concentration of the 

ESC (10 µg/mL) and the concentrations of 10 and 

100 µg/mL of the Bergenin did not differ 

significantly from the control condition (ANOVA, 

p<0,05). Interestingly, a mild increase of the cell 

viability was observed in cells treated with the ESC 

at 500 µg/mL and the concentrations of 100 and 500 

µg/mL with the Bergenin (ANOVA, p>0,05). In 

contrast, microscopic visualization performed prior 

the assay suggested a complete absence of effect on 

cell viability, since the confluence of cells were 

similar in all conditions tested (data not shown). 

 

0

50

100

150

       NC         10    100   500          10    100   500

                   ______________      ________________

                      ESC (g/mL)        Bergenin (g/mL)

** ***
**

C
el

l v
ia

bi
lit

y 
(%

)

 
Figure No. 11 

Effect of ESC and Bergenin on HEK-293 cells. Data represents the mean ± standard deviation of three 

independent experiments. Negative control (NC). ** vs. NC (p<0.01), *** vs. NC (p<0.001). (ANOVA, 

p<0.05). Ethanolic extract from the trunk barks of Sacoglottis ceratocarpa Ducke (ESC) 

 

 

DISCUSSION 

Studies of pharmacognostic parameters and 

qualitative chemical composition of non-validated 

medicinal species are important for knowledge of the 

use and proof of quality, safety and efficacy (Arruda 

et al., 2018; Kim et al., 2021). In this work, the purity 

and physicochemical tests showed compliance with 

the specifications described in official compendiums 

(Brasil, 2019; Patnala & Kanfer, 2021). The 

collection, drying and pulverization conditions 

contributed to the quality of the vegetable raw 

material. 

In the total ash test, the data showed a 

compliant content for plant materials of a compacted 

nature (Table No. 1) and showed greater purity for 

ScTB than other species of the Sacoglottis genus 

(TA% = 5.91-6.55), allowing the identification and 

differentiation between species (Politi, 2009; Alade et 

al., 2017; Brasil, 2019; Liu, 2019). In this study, the 

total ash test was used to quantify non-volatile 

inorganic impurities (physiological ash) and external 

materials (non-physiological ash). As well as 

evaluating the identity and purity of the plant material 

(Passialis et al., 2008; Hytonen & Nurmi, 2015; 
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Trishala & Thangavelu, 2018; Brasil, 2019; Fedorov 

& Ryazanova, 2021). 

Moisture content was determined to provide 

quantitative data of residual substances (water, 

essential oils and volatile substances) in ScTB 

powder after drying. In addition, for provide data on 

chemical and microbiological stability of plant 

material and degradation and decomposition of 

bioactive chemical compounds (Dias & Marenco, 

2016; Malavasi et al., 2016; Hytönen et al., 2018; 

Brasil, 2019). The assay time and moisture content 

presented for ScTB (Table No. 1) was lower than 

other Humiriaceae species (MC% = 7.38-8.16) 

(Politi, 2009; Alade et al., 2017). Normally, thinner 

trunk barks are less resistant to heat and their 

exchange, resisting the drying process for shorter 

time. In absolute terms, the moisture content is lower 

and, consequently, less heat is stored and less drying 

time is required (Gava et al., 1995; Loram-Lourenço 

et al., 2020; Ilek et al., 2021). Thus, the time and 

temperature used in this study were sufficient to 

release all the moisture retained in the ScTB powder, 

showed the good drying process of the trunk barks 

after collection. 

The determination of the particles size of 

ScTB powder is essential in the process of 

standardization of the vegetable raw material, as it 

influences the evaluation of parameters such as total 

ash, moisture content and storage conditions. In 

addition, it is one of the first stages for obtaining the 

plant extract (Mozafar et al., 1990; Makanjuola, 

2017; Patnala & Kanfer, 2021). After linear 

regression analysis, the ScTB powder was classified 

as semifine (particle size: 189 ± 0.11 µm) (Brasil, 

2019). Powders with particles < 180 µm are compact 

and reduce the contact area of the plant material with 

the extracting solvent, making the extraction process 

more difficult, resulting in lower yields. In addition, 

they absorb a greater quantity of moisture during 

storage, increasing the moisture content and total ash 

content by carrying, along with excess moisture, 

contamination (Mozafar et al., 1990; Michelin et al., 

2010; Cardoso et al., 2017; Patnala & Kanfer, 2021). 

Thus, the homogeneity of the particle size powder 

allows the standardization of the quality parameters 

of the vegetable raw material and efficient 

extractions. 

The uncompacted bulk density is a parameter 

directly related to the thickness and compact nature 

of the vegetable raw material, but also to the drying 

and spraying process of the sample. Compact 

materials and high moisture content will 

consequently give rise to denser powders (Santomaso 

et al., 2003; Amidon et al., 2017). However, the bulk 

density obtained for the ScTB powder was medium 

density (Table No. 1). According to reference data for 

powders of vegetable origin, the fact that the ScTB 

powder has a low moisture content and particle sizes 

>180 μm, probably influenced the obtained density to 

be below the values considered of high density (0.7- 

1 g/mL). Semifine particles, in addition to resisting 

intra and interparticle cohesion forces, have larger 

dimensions, reducing the space and number of 

particles inside the measuring cylinder, reducing the 

density value of this powder (Amidon et al., 2017; 

Neikov & Yefimov, 2019; Barona et al., 2021). 

The ethanolic extract (ESC) was obtained 

with a modified Soxhlet apparatus. This extraction 

method is simple, fast, with a high extraction capacity 

and proved to be efficient with yield >16% (Table 

No. 1). High yields are common using modified 

Soxhlet apparatus. The Soxhlet reflux system 

combined with the amphiphilic characteristics of 

ethanol (extraction solvent) and standardized 

pharmacognostic parameters, can influence the 

integrity of cellular structures in plant material 

(Carvalho et al., 2009; Jahromi, 2019). Thus, several 

chemical compounds present in ScTB, such as high 

molecular weight antioxidant compounds, are easily 

transferred to the solvent and solubilized, obtaining 

an extract rich in plant biomass and antioxidant and 

biological potential (Cardoso et al., 2017; Hoyos-

Martinez et al., 2019; Tanase et al., 2019; Fedorov & 

Ryazanova, 2021). 

The Bergenin was isolated from the ESC 

extract. The Bergenin or 4-methoxy-2-[(1S, 2R, 3S, 

4S, 5R)-3,4,5,6-tetrahydro-3,4,5-trihydroxy-6-

(hydroxymethyl)-2H-pyran-2-yl]-α-resorcylic δ-

lactone monohydrate, (C14H16O9.H2O), is a 

pentahydroxylated 4-O-methylgallic acid C-glucoside 

(Figures No. 5 and Figures No. 6). The molecule is 

composed of three six-membered rings: an aromatic 

ring, a glucopyranose ring and an ringed δ lactone 

ring (Patel et al., 2012, Castro, 2013). Bergenin has 

been reported in genus of different families. In the 

Humiriaceae, it was described and reported in the 

Endopleura genus, in the species Endopleura uchi 

(Uber) Cuatrec endemic to the Brazilian Amazon. In 

the S. ceratocarpa it is reported for the first time, 

being possibly the major compound of the species 
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due to easily of isolation by the extraction technique 

used. Bergenin is a compound of pharmacological 

interest for having a variety of biological activities, 

such as antiulcerative, hepatoprotective, antiviral, 

antidiabetic, antimicrobial, anti-inflammatory, 

neuroprotective, enzyme inhibitor, in addition great 

antioxidant potential (Abreu et al., 2008; Rastogi & 

Rawat, 2008; Nunomura et al., 2009; Patel et al., 

2012, Castro 2013). 

Preliminary prospecting research of bioactive 

compounds performed by TLC is a fast, efficient and 

low-cost qualitative method. It is a widely used 

method for immediate quality control of plant raw 

materials and investigation studies of the chemical 

composition of non-validated medicinal species 

(Wagner & Bladt, 1996; Gatto et al., 2021; Patnala & 

Kanfer, 2021). In the ESC extract, TLC identified 

different natural compounds, predominantly phenolic 

compounds, such as flavonoids, tannins and catechins 

(Figures No. 1, Figures No. 2, Figures No. 3 and 

Figures No. 4). Polyphenolics are well described in 

some Humiriaceae species and are associated with 

antimicrobial, antiparasitic, anti-inflammatory, 

antiviral, antitumor and antidiabetic activities. The 

absence of nitrogen compounds and alkaloids in 

ScTB is a common profile in species of the 

Sacoglottis genus (Abreu et al., 2008; Ferreira et al., 

2009; Nunomura et al., 2009; Politi et al., 2011; 

Abreu et al., 2013; Bento et al., 2014; Frausin et al., 

2015; Silva & Teixeira, 2015; Hidalgo et al., 2016; 

Alade et al., 2017; De Oliveira et al., 2017). 

Phenolic compounds are one of the principal 

and most diverse groups of antioxidant substances 

presents in plants. They are of great interest due to 

known biological and pharmacological properties 

(Dai & Mumper, 2010; Tanase et al., 2019). In this 

study, the phenolics were easily extracted with 

ethanol, resulting in high concentrations in the ESC. 

The contents in the three determinations were greater 

than 0.05 g/g of sample (Gatto et al., 2021). 

However, the tannin and catechin equivalent contents 

were higher than the gallic acid content (Figure No. 

7A). Polyphenolics such as tannins, catechins and 

their polymers are easily found in the heartwood or 

close to organs and tissues for growth and nutrient 

exchange of the trunk barks. This is the form of 

protection and survival of the species, obtaining 

yields > 40%. In contrast, derivatives of gallic acid 

have different biosynthetic pathways, moving to 

different parts of the plant organism, obtaining low 

yields (Dai & Mumper, 2010; Okuda & Ito, 2011; 

Ashok & Upadhyaya, 2012; Hoyos-Martinez et al., 

2019). The data for the ESC were superior to those of 

other Humiriaceae species (contents: 0.250 to 

0.400g/g), and the catechin content is reported for the 

first time in a species of the Sacoglottis genus (Politi, 

2009; Politi et al., 2011; Silva & Teixeira, 2015; De 

Oliveira et al., 2017).  

Flavonoids are polyphenolic derivatives that 

are concentrated in leaves, flowers and branches, 

contributing to lower yields in trunk barks (Stalikas, 

2007; Huber & Rodriguez-Amaya, 2008; Stalikas, 

2010). In ESC the flavonoid content varied in 

glycosylated and non-glycosylated (Figure No. 7B). 

However, the rutin content (glycosylated flavonoid) 

was higher than the quercetin content (non-

glycosylated flavonoid). Non-glycosylated flavonoids 

are linked to cellulose, fibers and proteins in the trunk 

barks, extraction difficult and contributing to lower 

yields. In contrast, glycosylated flavonoids are found 

free in plant material because they have a 

glycosylated bond, contributing to higher yields (Dai 

& Mumper, 2010; Savi et al., 2017). Comparing with 

other Humiraceae species (contents: 1.35 to 2.13 

mg/g), the flavonoid contents in ESC were 10 times 

higher than those reported (Politi, 2009; De Oliveira 

et al., 2017). 

The antioxidant properties of S. ceratocarpa 

were evaluated, since most of the therapeutic effects 

observed for medicinal species and their natural 

compounds are related to the antioxidant potential 

(Abreu et al., 2008; Silva & Teixeira, 2015; De 

Oliveira et al., 2017). At low concentrations, ESC 

and Bergenin significantly neutralized the action of 

three distinct species of radicals through three 

different mechanisms (Figures No. 8, Figures No. 9 

and Figures No. 10). The high content of phenolic 

compounds and polyhydroxylated derivatives present 

in ESC contributed to this antioxidant potential 

(r>0.9). The antioxidant activity shown in the tests in 

the DPPH and FRAP assays can be attributed to the 

presence of hydroxyls; or the double bonds in the 

heterocycle of the flavonoid molecule and 

derivatives, allowing the conjugation between rings 

A, B and C, or the degree of hydroxylation and 

position of the hydroxyl in the molecule, or the 

degree of conjugation of the phenolic compounds 

present in the ESC (Pulido et al., 2000; Dornas et al., 

2007; Tian & Schaich, 2013; Santos-Sánchez et al., 

2019; Tanase et al., 2019). For bergenin, free radical 
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attack is favored on the aromatic ring or on the 

methoxy group, i.e., the methoxy group is the target 

for radical attack (Patel et al., 2012; Castro, 2013). 

Specifically, in the TEAC test (Figure No. 9), 

the ESC and Bergenin showed higher values than the 

Trolox, mainly ESC, due to the high content of 

polyphenolic compounds present, since two electrons 

can be transferred from each phenol group. The 

difference between reaction time and effectiveness 

presented in the TEAC assay probably shows a 

certain dependence on the size and molecular 

concentration of the bioactive compounds present in 

the ESC when reacting. Normally, high molecular 

weight and polyhydroxylated compounds such as 

flavonoids, tannins, catechins and derivatives have 

greater difficulty in approaching the radical and 

reacting. This is due to the decrease in diffusion, or 

excessive presence of hydroxyls, and the steric 

accessibility created by the radical. So, they need 

more time to reorient and engage. This is in contrast 

to monohydroxylated or simpler molecules, such as 

Trolox, which react in a matter of minutes by rapid 

electron transfer or generation of secondary species 

that easily approach the radical (Pulido et al., 2000; 

Tian & Schaich, 2013; Santos-Sánchez et al., 2019; 

Tanase et al., 2019). In the case of Bergenin, also it 

may be related to the presence and position of 

hydroxyls and methoxyl group in the molecule, since 

its molecule is pentahydroxylated (Patel et al., 2012; 

Castro, 2013).  

The fact that ESC and Bergenin showed a 

prolongation of their activities on the ABTS•+ radical 

and at the same time increased their antioxidant 

capacity over the reaction time is advantageous, as it 

indicates that both have the ability to maintain their 

antioxidant activity for a long time longer, maintaing 

an adequate antioxidant status (Tian & Schaich, 

2013). A greater antioxidant capacity over time may 

mean a more prolonged protective effect of these 

metabolites present in ESC, against oxidative damage 

in biological and physiological systems related to 

various diseases. 

Information on the toxicity of plant extracts 

and isolated natural substances is important, since 

several medicinal species, whose use is poorly 

validated, are used based on popular knowledge. 

Thus, toxicity assays provide chemical quality and 

safety data of the use of these species by the 

population. In the brine shrimp lethality assay, the 

ESC and Bergenin were not toxic (LC50>1000 

µg/mL). The assay was conducted as a pre-screening 

for cytotoxicity assays, to define and estimate the 

concentrations/doses to be used. As well as a form of 

initial evaluation of the safety of the use of ScTB, 

being a useful alternative to models that use animals, 

as to predict the preliminary in vivo toxicity (Meyer 

et al., 1982; Hamidi et al., 2014; Gatto et al., 2021).  

Cytotoxicity assays were used in this study to 

evaluate the biological effects caused by ESC and 

Bergenin in humans cells of different lineages. 

Erythrocytes and human embryo kidney cells are 

good models to be used in in vitro cytotoxicity 

assays, being suitable for measuring cell damage 

caused by plant extracts or natural molecules 

(Mosmann, 1983; Liu & Nair, 2010, Aslam et al., 

2011). In the human erythrocyte cytotoxicity assay, 

ESC and Bergenin were not cytotoxic. In all 

concentrations the homolysis porcentage was > 10% 

(Pagano & Faggio, 2015). In the cytotoxicity assay 

by the MTT method, the samples were also not 

cytotoxic (Figure No. 11). The increase in the cell 

viability observed for ESC and Bergenin related to 

the interference on MTT method in presence of 

mitochondrial-targeted compounds. The antioxidant 

potential presented by the ESC and Bergenin explain 

this result (Figure No. 8, Figure No. 9 and Figure No. 

10). In addition, polyhydroxylated phenolic 

compounds such as flavonoids, tannins and catechins, 

present in the ESC, have produced a direct effect on 

MTT reduction. 

 

CONCLUSION 

The pharmacognostic study accomplished in this 

work contributed to define the quality parameters, the 

qualitative chemical profile of the trunk barks of S. 

ceratocarpa and for the isolation and identification of 

bergenin, a gallic acid derivative. The species proved 

to be non-toxic and a promising source of natural 

antioxidant bioactive compounds, contributing to the 

knowledge of safe and effective use of the species. 

The observed antioxidant properties are probably 

related to the therapeutic effects of the species based 

on popular and traditional use, contributing to the 

future development of herbal medicines and serving 

as a model for new therapeutic options. 
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