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ORIGINAL ARTICLE
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This study is part of the thesis: Samame-Caramutti EA. Evaluación del efecto antiinflamatorio y antioxidante de los 
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[Master’s Thesis]. Lima: Facultad de Medicina, Universidad Nacional Mayor de San Marcos; 2025. The preprint of this 
study is available on BioRxiv at https://doi.org/10.1101/2025.01.24.633472. The data supporting the findings of this study 
are available in the Science Data Bank at https://doi.org/10.57760/sciencedb.23619.   

ABSTRACT 

Objectives. To evaluate the in vitro antioxidant and anti-inflammatory activity of the hydroethanolic ex-
tract of the bark of Anadenanthera colubrina from northern Peru, as well as its total polyphenol (TPC) and 
flavonoid (TFC) contents. Materials and methods. Antioxidant activity was evaluated using chemical as-
says for 2,2-diphenyl-1-picrylhydrazyl (DPPH●) radical scavenging and ferric reducing antioxidant power 
(FRAP), as well as by measuring lipid peroxidation (formation of thiobarbituric acid reactive substances, 
TBARS) and H2O2-induced hemolysis. Anti-inflammatory activity was determined through heat-induced 
ovalbumin denaturation and hypotonicity-induced hemolysis assays. Results. The extract showed high an-
tioxidant activity in both the DPPH● radical scavenging assay (747.6 mg Trolox equivalents/gram of dry 
extract) and the FRAP assay (435.9 mg FeSO4 equivalents/gram of dry extract). The extract (50 to 1000 µg/
mL) inhibited lipid peroxidation, H2O2-induced hemolysis, and ovalbumin denaturation. No activity was 
observed in the hypotonicity-induced hemolysis assay. TPC and TFC were 642.7 mg gallic acid equivalents/
gram and 416.2 mg catechin equivalents/gram of dry extract, respectively. Conclusions. These activities 
were reported for the first time for A. colubrina from northern Peru, suggesting that the hydroethanolic 
extract of A. colubrina bark possesses significant preliminary in vitro antioxidant and anti-inflammatory 
properties and that the high polyphenol and flavonoid contents may be responsible, at least partially, for 
these activities. 

Keywords: Anti-Inflammatory Agents; Antioxidants; Flavonoids; In Vitro Techniques; Polyphenols (sour-
ce: MeSH NLM).

INTRODUCTION   

Anadenanthera colubrina (Vell.) Brenan is a South American Fabaceae widely used in folk medicine 
due to its known anti-inflammatory properties (1), which is why it is considered a potential source 
of compounds with biological activity. One of the most used parts is the bark, mainly in the form of 
syrup, decoction, infusion, and maceration. These preparations are used to treat a variety of condi-
tions, ranging from common problems such as allergies and inflammation to serious diseases such 
as anemia, respiratory diseases (for example, bronchitis and tuberculosis), and cancer; they also 
serve as healing agents (2). In this sense, several studies have reported the antioxidant properties of 
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Motivation for the study. Despite its widespread use in South 
American folk medicine, Anadenanthera colubrina from 
northern Peru is primarily used as timber, largely ignoring its 
medicinal potential. 

Main findings. The hydroethanolic extract of A. colubrina 
bark presented substantial preliminary in vitro antioxidant 
and anti-inflammatory activities, attributable, at least par-
tially, to its high polyphenol and flavonoid contents. 

Implications. These findings demonstrate that A. colubrina 
from northern Peru has significant potential for preventing 
and treating inflammatory conditions and will benefit local 
inhabitants, who are often unaware of the medicinal properties 
of our natural resources, thereby reinforcing its value both in 
Peru and abroad.     

KEY MESSAGES   

the bark (3,4), which may explain its anti-inflammatory activity 
in vivo (5) and in vitro (6). A. colubrina grows in the tropical ra-
inforests and seasonally dry forests of Peru between 600 and 
2000 m above sea level (7). Although this species has been widely 
used in South American folk medicine (8), it has not received 
due importance in northern Peru, where it is primarily used for 
wood production (7). Considering that there is scarce scientific 
information supporting its traditional use (9) and that the native 
variety from Peru has not been previously studied, the objective 
of this study was to determine the in vitro antioxidant and an-
ti-inflammatory activities of the bark of A. colubrina from nor-
thern Peru, as well as its total polyphenol and flavonoid content.   

MATERIALS AND METHODS   

Reagents and standards 
2,2-diphenyl-1-picrylhydrazyl (DPPH●), Folin–Ciocalteu 
phenol reagent (2N), gallic acid, (+)-catechin, (+)-6-hy-
droxy-2,5,7,8-tetramethylchromane-2-carboxylic (Trolox), 
acid (Trolox), 2-thiobarbituric acid, and sodium monoba-
sic phosphate (> 99%) were obtained from Sigma-Aldrich 
(MO, USA). Sodium carbonate, sodium chloride (>  99.5%), 
D(+)-glucose, Perhydrol® 30% H2O2, and anhydrous diso-
dium phosphate (99%) were purchased from Merck (Ger-
many). Citric acid-1-hydrate was obtained from Riedel-de 
Haën (Germany). Diclofenac sodium was a generous do-
nation from a national pharmaceutical laboratory. All oth-
er chemicals used were of analytical grade. All absorbance 
values were determined using a Thermo Fisher Scientific 
Genesys 50S UV-Vis spectrophotometer (Waltham, MA, 
USA) in 1 cm quartz cuvettes.   

Plant material and extraction 
The bark of Anadenanthera colubrina (3 kg) was collected locally 
in the primary forest of Las Juntas (Department of Cajamarca, 
Peru) (5°20’30” S, 78°46’00” W; average altitude 625 m) (10), with 
the authorization of the local inhabitants. The plant was authen-
ticated by Prof. Eric Rodríguez-Rodríguez, and two reference 
specimens were deposited in the Herbarium Truxillense of the 
Universidad Nacional de Trujillo (Trujillo, Peru) (specimen 
code numbers: 57669-HUT and 57670-HUT) (supplementary 
material: figure 1). 

The hydroethanolic extract was obtained using methods 
reported in the literature for other Fabaceae (11,12), with modi-
fications; briefly, the bark was dried for 14 days at room tem-
perature and ground. A sample of powdered bark (1.4 kg) 
was extracted through successive exhaustive extraction with 

96% ethanol (1:2 w/v) for 48 hours at room temperature 
under stirring. The crude extracts were combined, filtered, 
and concentrated to dryness, yielding a reddish-brown dry 
product (A. colubrina bark hydroethanolic extract, EEAC). 
The extraction yield was 20.7%. The EEAC was stored at 4°C.

The EEAC was completely dissolved in a mixture of 96% 
ethanol: bidistilled water (1:29), and this solution was used 
for all assays.

   
Physicochemical analysis 
The soluble solids content of the EEAC (2 mg/mL) was de-
termined gravimetrically using an Ohaus® PioneerTM 
analytical balance (120 g, d = 1 mg; Parsippany, NJ, USA), 
and by measuring the refractive index (solvent: 96% ethanol: 
bidistilled water, 1:29) using an ATAGO® PAL-α handheld 
refractometer (Tokyo, Japan). The pH was obtained using 
pH indicator strips (Merck, Germany).   

Qualitative phytochemical analysis and total 
polyphenol (TPC) and flavonoid (TFC) content: 
Qualitative phytochemical analysis was performed accord-
ing to Lock de Ugaz (13). TPC was determined by the Fo-
lin-Ciocalteu method (14). The EEAC (40-120 µg/mL, 0.1 mL) 
was incubated with 10% Folin reagent (0.5 mL) and 7.5% 
w/v Na2CO3 (0.4 mL) at room temperature for 30 minutes. 
Absorbance changes were read at 765 nm. Results were 
expressed in mg of gallic acid equivalents (GAE)/g of dry 
EEAC, and were calculated from a calibration curve using 
gallic acid as a standard (0-100 μg/mL) and the formula: 

https://doi.org/10.5281/zenodo.19462011
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TPC: mg GAE / g EEAC = (A_s * DF) / (m * c) 
where As is the absorbance with the sample (EEAC), m is the slope of the gallic 
acid standard curve equation, c is the concentration of the sample (EEAC), and 
DF is the dilution factor. 

TFC was estimated as described by Zhishen et al. (15). The 
EEAC (50-250 µg/mL, 0.5 mL) was incubated, successively, 
with 5% NaNO2 (w/v; 0.15 mL) for 5 minutes, 2.5% AlCl3 

(w/v; 0.25 mL) for 6 minutes, and 1M NaOH (0.25 mL) for 
10 minutes. Changes in absorbance were read at 510 nm. Re-
sults were expressed as mg of catechin equivalents (CE)/g 
of dry EEAC, and were calculated from a calibration curve 
using catechin as a standard (0-72 µg/mL) and the formula: 

TFC: mg CE / g EEAC = (A_s * DF) / (m * c) 
where m is the slope of the catechin standard curve equation, and As, c, and DF 
are as indicated before.   

Antioxidant activity (Chemical and biological 
assays):   

DPPH● free radical scavenging assay 
The DPPH● free radical scavenging activity was evaluated 
according to Brand-Williams et al. (16). Briefly, a DPPH●so-
lution (20 mg/dL) prepared in ethanol was stirred for 40 
minutes; this stock solution was kept in the dark at 4°C. The 
initial absorbance of the working solution was adjusted to 
0.9 + 0.02 at 517 nm (DPPH● concentration: 78.5 μM) with 
the same solvent, and was used to prepare the control (ab-
sorbance: 0.6 + 0.02). The EEAC (5-20 µg/mL, 0.4 mL) was 
incubated with the DPPH● working solution (0.8 mL) for 30 
minutes in the dark. Changes in absorbance were read at 517 
nm. The radical scavenging percentage was calculated as: 

% radical scavenging = ((A_c – A_s) * 100) / A_c 
where Ac and As are the absorbances without (negative control) and with the 
sample, respectively. 

The inhibitory concentration values of EEAC required to 
scavenge 50% of the initial free radical (IC50) were calcula-
ted by linear regression. The Trolox equivalent antioxidant 
capacity (TEAC- DPPH●) was expressed as mg TE/g of dry 
EEAC, and was calculated from a calibration curve using 
Trolox as a standard (0-15 µg/mL) and the formula: 

TEAC- DPPH●: mg TE / g EEAC = IC_50  Trolox / IC_50  EEAC  

Ferric reducing antioxidant power (FRAP) assay 
The assay was performed according to Benzie and Strain (17). 
The EEAC (40-160 μg/mL, 50 μL) was added to 950 μL of the 
FRAP working solution (10mM 2,4,6-tris(2-pyridyl)-s-triazine 
(TPTZ) in 40mM HCl, 20mM FeCl3 in bidistilled water, and 
0.3M acetate buffer, pH 3.6, in a ratio of 1:1:98). The reaction 

mixtures were incubated for 10 min. Changes in absorbance 
were read at 593 nm. Results were expressed as mg FeSO4 equiv-
alents/g of dry EEAC, and were calculated from a calibration 
curve using FeSO4 as a standard (0-91 µg/mL) and the formula: 

FRAP: mg Eq FeSO_4 / g EEAC = (A_s * DF) / (m * c) 
where As is the absorbance with the sample (EEAC), m is the slope of the FeSO4 

standard curve equation, c is the concentration of the sample (EEAC), and DF is 
the dilution factor.   

Lipid peroxidation inhibition assay using 
thiobarbituric acid reactive substances (TBARS) 
Oxidative stress, expressed as TBARS, was measured by the 
method of Buege and Aust (18), with modifications. Frozen 
liver tissue from a Holtzman rat (previously perfused with 
ice-cold 0.154M KCl) was homogenized in cold phosphate 
buffered saline (PBS, pH 7.4). Lipid peroxidation was initiated 
by adding 4 mM ascorbic acid (0.045 mL) and 2 mM FeSO4 

(0.015 mL) successively to the 5% liver homogenate (w/v, 0.9 
mL). Subsequently, different concentrations of EEAC (100-
1000 μg/mL, 0.06 mL) or PBS (pH 7.4, 0.06 mL and 0.12 mL 
for the induced stress and control groups, respectively) were 
included in the reaction mixtures; then, these were incubated 
for 30 minutes at room temperature. Afterward, each reaction 
mixture (0.3 mL) was mixed with 20% trichloroacetic acid 
(0.6 mL), heated in boiling water for 15 minutes, cooled with 
tap water, mixed with 0.67% thiobarbituric acid (TBA in 0.25 
N HCl, 0.9 mL) and heated again in boiling water for 30 min-
utes. After cooling with cold tap water, each tube was centri-
fuged (5488xg for 10 minutes), the supernatant was collected, 
and the absorbance was determined at 535 nm. 

Antioxidant activity was expressed as a percentage of 
lipid peroxidation inhibition and as TBARS concentration. 
The percentage of lipid peroxidation inhibition was calcu-
lated as follows: 

% lipid peroxidation inhibition = ((A_c – A_s) * 100) / A_c 
where Ac is the absorbance of the induced stress group (0% lipid peroxidation inhibi-
tion, negative control) and As is the absorbance with the sample (EEAC). 

The TBARS concentration was expressed as nmol of TBARS/
mg of liver tissue and was calculated as follows: 

TBARS: (nmol TBARS/mg liver tissue) = (A_s * V_t) / 
(ε * l * Vs * CH) 

where As is the absorbance of each reaction mixture, Vt is the final volume of the reac-
tion mixture, ε is the molar absorption coefficient of the MDA-TBA2 complex at 535 
nm (1.56 x 105 M-1 cm-1), l is the optical path of the cuvette (1 cm), Vs is the sample 
volume in the reaction mixture, and CH is the rat liver homogenate concentration.

H2O2-induced oxidative hemolysis assay 
The assay was performed following the method of Xu et al. (19), 
with modifications. Fresh human venous blood (3 mL) was 
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employed from a healthy donor and diluted with sterilized 
Alsever’s solution (2% dextrose, 0.8% sodium citrate, 0.05% 
citric acid, and 0.42% NaCl in bidistilled water). The solution 
was centrifuged (625xg for 3 minutes) and washed three times 
with the same volume of vehicle (cold 1X PBS, pH 7.4) to sep-
arate human red blood cells (RBCs) from the white blood cell 
layer, plasma, and free hemoglobin (Hb) released from injured 
RBCs. A 5% RBC suspension (in ice-cold Alsever’s solution, 0.1 
mL) was mixed with EEAC (50-150 μg/mL, 0.45 mL) or vehicle 
(0.45 mL and 0.9 mL for the induced stress and control groups, 
respectively). The reaction mixtures were preincubated at 37 °C 
for 15 minutes. Then, 166mM H2O2 (in vehicle, 0.45 mL) was 
added, the reaction mixture was incubated at 37°C for 4 hours 
and centrifuged at 625xg for 10 minutes. The Hb content in the 
supernatant was estimated at 405 nm. After each assay, the RBC 
solution was stored at 4°C for a maximum of 72 h to ensure 
viability and the level of cellular antioxidants. The percentage of 
hemolysis prevention was calculated as follows: 

% hemolysis prevention = ((A_c – A_s) * 100) / A_c 
where Ac is the absorbance of the induced stress group (0% hemolysis prevention, 
negative control) and As is the absorbance with the sample (EEAC).   

Anti-inflammatory activity   

Inhibition of ovalbumin denaturation 
The assay was carried out as described by Mizushima and 
Kobayashi (20) and Chandra et al. (21), with modifications. The 
reaction mixture (1.3 mL) consisted of fresh ovalbumin: PBS 
(pH 6.4) (1:1, 0.1 mL), PBS (pH 6.4, 0.7 mL), and different 
concentrations of the EEAC (125-750 μg/mL, 0.5 mL). Bidis-
tilled water and diclofenac sodium (0.5-3 mg/mL) were used 
for the induced stress group and as a standard, respective-
ly. The reaction mixtures were incubated at 37 + 1°C for 20 
minutes and subsequently heated at 65 + 2°C for 5 minutes 
to induce denaturation. After cooling, absorbance changes 
were read at 660 nm. The percentage of protein denaturation 
inhibition was calculated as: 

% protein denaturation inhibition = ((A_c – A_s) * 
100) / A_c 

where Ac is the absorbance of the induced stress group (0% protein denaturation 
inhibition, negative control) and As is the absorbance with the sample.

Human red blood cell (RBC) membrane stabilization 
The assay was performed according to the procedures de-
scribed by Lavanya et al. (22) and Torres Carro et al. (23), with 
modifications. Fresh human venous blood (3 mL) from a 
healthy donor was used and diluted with an equal volume 

of sterilized Alsever’s solution. The solution was centrifuged 
(5,488xg for 10 minutes) and the cell pack was washed five 
times with an equal volume of isotonic saline solution (0.85% 
NaCl, pH 7.2) to prepare a 10% (v/v) RBC suspension with 
isotonic saline solution. The suspension was stored at 4°C. 
The reaction mixture (1.5 mL) consisted of the 10% RBC 
suspension (0.2 mL), 0.14M sodium phosphate buffer (pH 
7.4, 0.333 mL), and different concentrations of the EEAC 
(250-750 μg/mL, 0.267 mL). Bidistilled water (0.7 mL) was 
used to induce hypotonic hemolysis. Vehicle (96% ethanol: 
bidistilled water, 1:29) and diclofenac sodium (1-3 mg/mL) 
were used for the induced stress group and as a standard, re-
spectively. The reaction mixtures were incubated at 37 + 1°C 
for 30 minutes and then centrifuged at 650xg for 3 minutes. 
The Hb content in the supernatant was measured at 550 nm. 
After each test, the RBC solution was stored at 4°C for a 
maximum of 72 h to ensure cell viability. The percentage of 
hemolysis prevention was calculated as follows: 

% hemolysis prevention = ((A_c – A_s) * 100) / A_c 
where Ac is the absorbance of the induced stress group (0% hemolysis prevention, 
negative control) and As is the absorbance with the sample.   

Statistical analysis 
The assays were performed in three independent experi-
ments, each conducted in duplicate or triplicate. All analy-
ses were performed using Minitab Statistical Software and 
GraphPad Prism (version 8.0.1). Normality and homoge-
neity of data variances were evaluated using Shapiro-Wilk 
and Levene tests, respectively (p>0.05 in both). Since the 
data were normally distributed, a one-way ANOVA followed 
by Tukey’s post-hoc test was used. Results are expressed as 
mean + standard deviation, and statistical significance was 
defined as p<0.05.   

Ethical aspects 
The study was carried out in accordance with the Declara-
tion of Helsinki (24) and established ethical standards. A hu-
man blood sample was obtained from a healthy volunteer 
at the Institute of Biochemistry and Nutrition Research 
(IIBN), UNMSM, after receiving written informed consent. 
Regarding the animal component, we used liver tissue from 
a rat without prior treatment as a secondary use of samples 
from a parallel IIBN project, following the 3Rs principles 
(Replacement, Reduction, and Refinement) to avoid the sa-
crifice of additional animals. This project was approved by 
the Ethics Committee of the Faculty of Medicine of the UN-
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Figure 1. Free radical scavenging effects of DPPH● (78.5 μM) of the 
hydroethanolic extract of Anadenanthera colubrina bark (EEAC) and 
Trolox. Results are presented as mean + standard deviation (n = 3), 
representative of two replicates

Figure 2. Reactivity of the hydroethanolic extract of Anadenanthera 
colubrina bark (EEAC) and ferrous sulphate in the ferric reducing 
antioxidant power (FRAP) assay. Results are presented as mean + standard 
deviation (n = 3), representative of two replicates.
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MSM (Ethics Approval No. 0185-2024), in accordance with 
the Ethical Evaluation Act of Research Studies.   

RESULTS   

Physicochemical analysis 
The soluble solids content was 1.606 + 0.3 mg/mL and 1.711 + 
0.2 mg/mL, according to the refractive index and gravimetric 
analysis, respectively. The pH was 5.5-6.0 (slightly acidic).   

Qualitative phytochemical analysis, TPC and TFC 
As presented in supplementary material: table 1, the EEAC 
has a high content of phenolic compounds (tannins and flavo-
noids), low content of glycosides, anthraquinones, and anthro-
nes, and undetectable or null presence of alkaloids, triterpenes, 
steroids, and saponins. 

The determination of total polyphenols and flavonoids 
confirmed their abundance, with 642.7 + 17 mg (3.78 + 0.1 
mmol) GAE/g and 416.2 + 20 mg (1.6 + 0.08 mmol) CE/g 
dry extract, respectively; that is, TPC represents approxi-
mately 65% in GAE of the extract, which mainly includes 
flavonoids (around 41% in CE of the extract). The flavonoid/
polyphenol ratio was 0.65.   

Antioxidant activity (Chemical and biological 
assays)   
DPPH● free radical scavenging assay 
The EEAC showed an IC50 value (4.37 µg/mL) close to the 
Trolox standard (3.26 µg/mL, figure 1 and supplementary 
material: table 2). The aforementioned value represents a 
TEAC- DPPH● of 747.55 mg (2.99 mmol) Trolox equiva-
lents/g dry EEAC (supplementary material: table 2).   

FRAP assay 
The EEAC exhibited an antioxidant capacity of 435.88 mg 
(2.87 mmol) FeSO4 equivalents/g dry EEAC (figure 2 and 
supplementary material: table 2).   

Lipid peroxidation inhibition assay using TBARS 
All tested concentrations (100, 500, and 1000 μg/mL) were 
effective in reducing lipid peroxidation in a dose-dependent 
manner, by 22, 59, and 68%, respectively, with respect to the 
induced stress (IS) group (Figure 3a). No differences were 
found between treatment with EEAC at 1000 μg/mL and the 
Control group (72%). 

When expressed as nmol/mg of liver tissue, TBARS pro-
duction was higher in the IS group than in the EEAC treat-

ments at 500 and 1000 μg/mL, indicating a dependency on the 
extract concentration. No differences were found between the 
IS group and EEAC at 100 μg/mL, nor between the Control 
and EEAC treatments at 500 and 1000 μg/mL (Figure 3b).   

H2O2-induced oxidative hemolysis assay 
The EEAC, administered at 50, 100, and 150 μg/mL, de-
creased hemolysis caused by H2O2 when compared with 
the IS group (Figure 4). Hemolysis prevention was dose-de-
pendent only for the 50 and 100 μg/mL treatments (49 and 
75% inhibition, respectively) since the 150 μg/mL treatment 
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Figure 4. Inhibition of oxidative hemolysis by H2O2 by the hydroethanolic 
extract of Anadenanthera colubrina bark (EEAC). Results are presented 
as mean + standard deviation (n = 3), representative of three replicates, 
and were evaluated using one-way analysis of variance and Tukey’s test 
(p<0.05). Statistical differences are indicated by different letters. IS: 
induced stress.
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caused an inhibition (65%) similar to that observed for the 
100 μg/mL group. Interestingly, the percentage of inhibition 
for the three concentrations of EEAC was much higher than 
that reported for the Control group (18%).

Anti-inflammatory activity   
Inhibition of ovalbumin denaturation 
A dose-dependent inhibition of ovalbumin denaturation 
was observed with EEAC at 125, 250, and 500 μg/mL, at 
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34, 42, and 47%, respectively, with respect to the IS group 
(Figure 5). Curiously, the extract at 750 μg/mL reduced de-
naturation by only 40%, lower than the inhibition observed 
at 500 μg/mL. In any case, the EEAC at all analyzed con-
centrations showed higher inhibition than the non-steroidal 
anti-inflammatory drug (NSAID) diclofenac sodium at 0.5 
and 1 mg/mL (19 and 22%, respectively), but lower than said 
reference at 3 mg/mL (58%). The EEAC at 250 and 500 μg/
mL showed better inhibition of protein denaturation than 
diclofenac sodium at 2 mg/mL.   

RBC membrane stabilization 
EEAC at 250, 500, and 750 μg/mL did not have a significant 
effect on hypotonicity-induced hemolysis. In this aspect, the 
extract at 250 and 500 μg/mL produced slightly higher he-
molysis than the IS group (6 and 5%, respectively). Likewise, 
the concentration of 750 μg/mL inhibited hemolysis by only 
6%. Despite this, none of the concentrations showed a sig-
nificant difference compared to the IS group. On the other 
hand, diclofenac sodium inhibited hemolysis between 29% 
and 42% at the concentrations used (1, 2, and 3 mg/mL).   

DISCUSSION   

The results concerning the phytochemical content of the EEAC 
are consistent with previous reports on the bark of A. colubrina, 
i.e., the hydroalcoholic extract is rich in phenolic compounds (4,25), 
which include both tannins and flavonoids (6). However, some 
previous studies are inconsistent with the results of this phyto-
chemical analysis. Silva et al. (26) reported the presence of alka-
loids and saponins, as well as the absence of flavonoids, anthra-
quinones, and glycosides in the hydroalcoholic bark extract. On 
the other hand, Sá et al. (27) revealed that the hydroalcoholic bark 
extract contains phenolic compounds, tannins, and sugars, but 
flavonoids, steroids, or terpenoids were not detected. Additiona-
lly, Pessoa et al. (28) reported the presence of reducing sugars, sapo-
nins, triterpenes, and steroids. These differences would indicate 
that edaphic and environmental conditions, as well as differences 
in extraction procedures, affect the biosynthesis or the presence 
of secondary metabolites despite being the same species. 

Interestingly, the hydroethanolic bark extract of the 
Brazilian variety reported by Mota et al. (4) showed higher 
TPC and TFC values than those of the native A. colubrina 
variety from northern Peru investigated in this study (682 
mg GAE/g extract and 445 mg CE/g extract for the Brazilian 
variety vs. 643 mg GAE/g extract and 416 mg CE/g extract 
for the Peruvian variety, respectively). Despite this, the Pe-

ruvian variety has higher antioxidant properties than the 
aforementioned Brazilian variety. 

The EEAC showed good behavior in two antioxidant 
assays with different mechanisms of action, single electron 
transfer for the FRAP assay and hydrogen atom transfer or 
single electron transfer for the DPPH● radical scavenging 
assay (29). Moreover, as reported by Desmarchelier et al. (30), 
the EEAC decreased the formation of malondialdehyde and 
other TBARS as by-products of lipid peroxidation in rat liver 
homogenates and, furthermore, reduced the oxidative da-
mage caused by H2O2 in an RBC model, showing the ability 
of the EEAC to decrease oxidative stress in vitro. 

These results suggest that the Peruvian variety of A. co-
lubrina possesses the antioxidant activity previously repor-
ted for the bark. This antioxidant activity is likely due to 
the phytochemical content of the EEAC, mainly phenolic 
compounds (tannins and flavonoids) (4). Nonetheless, there 
are some contradictory results regarding polyphenol pro-
duction by A. colubrina under different environmental con-
ditions (31), which in turn could explain some discrepancies 
between the present study and previous reports (4,26,32). 

It is noteworthy that the Peruvian variety exhibited a higher 
TEAC- DPPH● value and a lower IC50 than the Brazilian variety 
reported by the aforementioned study by Mota et al. (4) (269 mg 
Trolox equivalents/g extract and 13 μg/mL for the Brazilian va-
riety vs. 748 mg Trolox equivalents/g extract and 4 μg/mL for the 
Peruvian variety, respectively). Consequently, the antioxidant 
properties (TEAC- DPPH● and IC50) of the Brazilian variety 
would be considered only moderately intense (4), and lower than 
those of the Peruvian variety reported here. 

These findings indicate that, as previously mentioned, 
in addition to differences in extraction techniques, edaphic 
and environmental conditions influence the presence of sec-
ondary metabolites and, consequently, the biological activity 
of the extracts. This is particularly evident when comparing 
these results with the studies by Mota et al. (2017) (4) and 
Silva et al. (2020) (26) mentioned above, since all these studies 
used hydroethanolic extracts. Worth noting is the report by 
Silva et al. (2020) (26), which revealed the presence of com-
pounds absent in the EEAC, as well as the absence of flavo-
noids, which were abundant here. Furthermore, their extract 
exhibited an IC50 of 20 μg/mL in the DPPH assay, much 
higher than the 4.37 μg/mL reported in the present work. 

The different extraction methods also contribute to vari-
ations in phytochemical content and antioxidant activity. In 
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this context, several studies have reported the activity of hy-
dromethanolic extracts of A. colubrina bark; for example, Sá 
et al. (2016) reported reduced extraction of flavonoids (27), 
which were abundant in the present study. Additionally, Pes-
soa et al. (2012) detected molecules such as saponins, triter-
penes, and steroids (28) that were absent in this investigation. 
This type of extract also showed higher antioxidant activity 
in the TBARS assay (IC50 of 62 μg/mL) (30) compared to the 
present study (IC50> 100 μg/mL), but lower activity in the 
DPPH assay (IC50 of 73 μg/mL) (32). 

The use of aqueous extracts of A. colubrina bark also yield-
ed interesting results. Specifically, Damascena et al. (2014) (3) 
revealed an IC50 of 8.63 μg/mL in the DPPH assay, indicating 
lower antioxidant activity compared to this work. Conversely, 
aqueous extracts showed variable antioxidant activities in the 
TBARS assay, which were similar (3) or higher (30) than those 
observed with the EEAC. 

The ovalbumin denaturation assay was used to evaluate 
the anti-inflammatory activity of A. colubrina. This method 
is based on the stabilizing action of NSAIDs on heat-indu-
ced protein coagulation (20). Since the denaturation of tis-
sue proteins is capable of initiating immune responses and 
causing inflammatory disorders, it has been suggested that 
compounds that prevent protein denaturation could have 
anti-inflammatory potential (33). In this aspect, the EEAC 
prevented heat-induced ovalbumin denaturation to a grea-
ter extent than the NSAID diclofenac sodium, which has 
a known protective activity against protein denaturation.  
To corroborate this anti-inflammatory effect, the RBC mem-
brane stabilization assay was performed. This assay is based 
on the similarity between erythrocyte and lysosomal mem-
branes. Lysosomal membrane stabilization is desirable, since 
lysosomes can release their hydrolytic enzymes into affected 
tissues during the inflammatory response. The effect of any 
extract on erythrocyte stabilization could be extrapolated 
to lysosomal membrane stabilization and, therefore, the an-
ti-inflammatory activity of an extract can be evaluated by 
preventing hemolysis (34). 

No activity was observed at the same concentrations used 
in the denaturation assay; on the contrary, the EEAC increased 
hypotonicity-induced hemolysis, although these results were 
not entirely unexpected. The EEAC is rich in tannins (supple-
mentary material: table 1), which could have hemolytic acti-
vity on RBCs (35). In this sense, Rocha et al. (25) reported that 
the hydroalcoholic extract of A. colubrina bark was slightly 
toxic to RBCs, even at low concentrations (0.25 to 32 mg/mL). 
From this perspective, the high tannin content of the EEAC 

could explain the hemolysis observed in the present study. 
As described by Deng et al. (2019) (35), high concentrations of 
some tannins could cause changes in erythrocyte morphology 
and hemolysis, possibly due to the phenolic hydroxyl groups 
of tannins, which adsorb onto the cell membrane, causing 
deformations that lead to its rupture. It is well known that 
tannins bind to and alter cell membrane proteins and lipids, 
thereby modifying their permeability and causing cell damage 
and lysis, which also affects blood coagulation. 

Although these results would indicate that the EEAC 
is a potential source of anti-inflammatory compounds, es-
pecially those related to protein denaturation, it must be 
considered that the assays were performed in vitro, and do 
not necessarily show what would occur in vivo, as the bioa-
vailability of active compounds, such as tannins, must be 
considered. However, it is promising that A. colubrina has 
demonstrated better inhibitory activity than an NSAID like 
diclofenac sodium, which can inhibit protein denaturation 
in a dose-dependent manner. 

In conclusion, the biological properties of Anadenanthera 
colubrina from northern Peru were reported for the first time. 
In this sense, the hydroethanolic bark extract (EEAC) possesses 
strong preliminary in vitro antioxidant activity, as well as a high 
content of total polyphenols and flavonoids. Furthermore, the 
EEAC prevented heat-induced ovalbumin denaturation to a 
greater extent than the NSAID diclofenac sodium. These results 
suggest that A. colubrina from northern Peru is a good source of 
compounds with biological activity, benefiting the inhabitants 
of those areas, who might be unaware of the medicinal proper-
ties of their own resources. Furthermore, a practical methodo-
logy for evaluating the antioxidant and anti-inflammatory acti-
vities of Peruvian medicinal plants is provided. 

As an additional recommendation for the use of A. co-
lubrina, it is suggested that excess saponins and tannins be 
removed using standardized extraction methods to optimize 
its biological properties, since these compounds, although 
present in the bark, can exert toxic effects at high concentra-
tions. Further research is needed to determine the safety and 
specific mechanisms of action of A. colubrina, and to purify 
and identify the potential molecules responsible for the ob-
served pharmacological activity.   
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