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The Tipuana tipu is a leguminous tree employed in popular medicine for its healing and anti-inflammatory 

properties. This study aimed to assess the antioxidant activity and bioactivity of fractions of the crude extract 

from the T. tipu leaves. The chemical composition, antioxidant activity, lipid peroxidation inhibition and 

antihemolytic activity were assessed on the dichloromethane and ethyl acetate (pH 4 and 8) fractions of the crude 

extract obtained from T. tipu leaves. The fractions presented significant antioxidant activity (IC50 DPPH = 246, 185 

and 244 mg/L for dichloromethane, ethyl acetate at pH 8 and ethyl acetate at pH 4, respectively), protection against 

lipid peroxidation (inhibition of 10-81%) and hemoprotective properties in hypotonic conditions (H50, Control = 0.45%; 

H50, dichloromethane = 0.41%; H50, ethyl acetate pH 8 = 0.36%; H50, ethyl acetate pH 4 = 0.37%), as well as inhibiting hemolysis in 

oxidative conditions (between 23-30%). 

 

Graphical abstract 

                   

1. Introduction  

The Tipuana tipu (Benth.) (Figure 1), the only species of the 
Tipuana genus (Fabaceae/Leguminosae: Faboideae, Tribe 
Dalbergieae), is a leguminous tree common in South America, 

especially in Brazil and Argentina. It is a plant used in popular 
medicine for wound-healing and to treat uterine 
inflammations, abdominal pains, hemorrhoids and gastritis, 
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with such properties being commonly associated to the 
leaves of this plant [1], which also presents a high nutritional 

value [2]. 

 

 

Fig. 1. Tipuana tipu specimen located in the State University of Ponta Grossa’s campus. 

 

Studies have reported the identification and isolation of 
some secondary metabolites of T. tipu leaves, such as β-
sitosterol, alpinumisoflavone, protocatechuic acid, 
protocatechuic aldehyde [3], and an acylated kaempferol 
tetraglycoside [4], which are compounds that present 
analgesic, anti-inflammatory [4–6], antioxidant [7], and 
antitumor [3,8] properties. However, no studies were found in 
the literature that corroborate these properties of T. tipu 
leaves in folk medicine. 

To investigate the bioproperties of this plant and identify 
the compounds responsible for each bioactivity, the 
fractioning of the crude extract is usually carried out. It is not 
rare that the several fractions of the same crude extract 
present different biological properties [9–13], given that the 
chemical composition of each fraction is different. 
Compounds with a low polarity, such as fatty acids, esters and 
steroids, are present in nonpolar fractions, e. g. the hexane 
fraction. Methoxylated flavonoids, sesquiterpenes and 
coumarins are often present in fractions with intermediary 
polarity, for instance, the dichloromethane fraction. Whereas 
polar fractions, obtained with ethyl acetate and n-butanol 
contain flavonoids, phenolic acids and saponins [14]. 

In view of this, this study aimed to evaluate: the antioxidant 
capacity in chemical and biological media, the antihemolytic 
property in osmotic and oxidative stress conditions of 
dichloromethane (DF) and ethyl acetate (EAF) pH 4 and pH 8 
fractions of the aqueous crude extract of Tipuana tipu leaves. 

2. Material and Methods  

2.1 Chemicals 

The chemicals used in this study are listed below, followed 
by the name and location of their suppliers: absolute ethanol, 
sodium hydroxide and hexahydrate aluminum chloride from 

Dinâmica (Indaiatuba, Brazil); Sodium azide, dichloromethane 
and hydrochloric acid 37% from Emaia (Indaiatuba, Brazil); 
hexane and isobutanol from Nuclear (São Paulo, Brazil); 2,2-
diphenyl-1-picrylhydrazyl (DPPH), methanol, ethyl acetate, and 
ascorbic and acetic acids from Vetec (Rio de Janeiro, Brazil); 
NaH2PO4.H2O, Na2HPO4.12H2O, sodium chloride and Folin–
Ciocalteu reagent from Biotec (Curitiba, Brazil); dimethyl 
sulfoxide (DMSO) and hydrogen peroxide from Synth 
(Diadema, Brazil); anhydrous sodium hydroxide from Quimex 
(Uberaba, Brazil); potassium hexacyanoferrate, and 
hexahydrate ferrous and pentahydrate copper sulfates from 
Neon (São Paulo, Brazil); sodium nitrite, hexahydrate ferric 
chloride, 2,4,6-Tri(2-pyridyl)-s-triazine (TPTZ), protocatechuic, 
chlorogenic, and thiobarbituric acids, as well as quercetin, (+)-
catechin, rutin, ferrozine, pyrocatechol violet from Sigma-
Aldrich (São Paulo, Brazil); formic acid from Reagen 
(Colombo, Brazil); and anhydrous sodium acetate from 
Anidrol (São Paulo, Brazil). All assays were carried out with 
ultrapure water. 

 

2.2 Vegetable material and extraction procedure 

The leaves were collected from a T. tipu specimen located 
at the Uvaranas Campus of the State University of Ponta 
Grossa (UEPG), in the municipality of Ponta Grossa, Paraná, 
Brazil (25º5’23’’S 50º6’23’’W), on March 10th, 2018, at 10 AM 
(exsiccate n° 19120/2012 from UEPG’s herbarium). The 
leaves were manually removed from the branches and dried 
at ambient temperature away from direct sunlight until 
constant mass was obtained. 

Three litters of ultrapure water and 270 g of leaves were 
utilized (Figure 2). Following the 1-hour hydrodistillation and 
simple filtration, a liquid-liquid extraction was carried out with 
300 mL hexane. Subsequently, another liquid-liquid extraction 
was performed, with 300 mL dichloromethane, for 3 times, 
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resulting in the dichloromethane fraction (DF). The aqueous 
phase was alkalinized up to pH 8 with 6 mol/L NaOH, followed 
by a liquid-liquid extraction with 300 mL ethyl acetate, thrice, 
to obtain the pH 8 ethyl acetate fraction (EAF pH 8). 
Furthermore, the aqueous phase was acidified with HCl 1:1 

until pH 4 and a new extraction employing 300 mL ethyl 
acetate was performed three times again, to obtain the pH 4 
ethyl acetate fraction (EAF pH 4). 

 

 

 

Fig. 2 Flowchart for the obtention of Tipuana tipu leaves’ crude extract and its fractions. 

 

DF, EAF pH 8, and EAF pH 4 were dried with anhydrous 
Na2SO4 and rotoevaporated. The extraction sequences were 
carried out to obtain a polarity gradient of the phenolic 
compounds, being DF the one with the least polarity, while EAF 
pH 4 presented the highest one [15]. 

 

2.3 Phenolic Composition 

2.3.1 Total phenolics and flavonoids determination 

The total phenolic content (TPC) was quantified using the 
Prussian Blue method [16], starting from a gallic acid 
analytical curve (5-35 mg/L, R² = 0.9979), with the results 
shown as mg of gallic acid equivalent per each gram of 
fraction (mg AGE/g). The total flavonoid content (TFC) (Herald 
et al. 2012) was quantified from a (+)-catechin calibration 
curve (25-250 mg/L, R² = 0.9964) with results shown as mg of 
catechin equivalent per gram of fraction (mg CE/g).   

 

2.3.2 Phenolics Identification by HPLC/DAD/UV 

The quercetin, rutin, protocatechuic and chlorogenic acid 
content was quantified using High-Performance Liquid 
Chromatography (HPLC) in a Shimadzu LC-20T, equipped with 
a Diode Detector Array (DAD; 210, 270, 320, and 360 nm), 
degasser system, and auto sampler. The chromatographic 
separation took place in a reverse phase column (C18, 150 mm 
x 4.6 mm, particle size: 3.5 µm) maintained at 40 ºC. The 
fractions were filtered in a 0.45 μm nylon membrane, where 
10 μL of the samples were thrice injected with an eluent flow 
rate of 500 μL/min. The compounds were 
chromatographically separated following elution gradients 
according to the literature [17], in which the mobile phase 
corresponds to water acidified with formic acid 0.2% (v/v) and 
acetonitrile. The phenolic compounds were quantified using 
calibration curves (R² ≥ 0.9970) with the results shown as mg 
per fraction gram (mg/g). 

 

2.4 Antioxidant activity assays 

The antioxidant capacity of the fractions was tested by the 
two main oxidation protection mechanisms employed by non-
enzymatic antioxidants: electron donating to reactive species 
and chelation of transition metals, in this case, Fe2+ and Cu2+ 
[18]. The Ferric Reducing Antioxidant Power (FRAP) [19] was 
determined by means of an ascorbic acid calibration curve 
(10-90 mg AAE/g, R² = 0.9986) with results expressed as mg 
of ascorbic acid equivalent per gram of fraction (mg AAE/g). 
The DPPH reducing antioxidant capacity [20] was evaluated, 
with results shown as inhibition percentage (%Inhibition). The 
Total Reducing Capacity (TRC) (Berker et al. 2013) was 
quantified using a quercetin calibration curve, 50-500 mg/L 
and R² = 0.9990, with results expressed as mg of quercetin 
equivalent per gram of fraction (mg QE/g). The Cu2+ Chelation 
Ability and the Fe2+ Chelation Ability were analyzed [21], with 
results shown as chelating percentage (%Chelation) and refer to 
the fractions with a concentration of 1000 mg/L. 

 

2.5 Inhibition of lipoperoxidation 

The lipid peroxidation inhibition capacity was assessed in 
two biological matrices: white-shelled eggs’ yolk [22] and 
cerebral tissue from Wistar rats [17], employing a 
methodology approved by the Animal Usage Ethics 
Committee (Protocol 047/2017). The analysis was carried out 
with fractions in a 50 µg/mL concentration and the control 
was obtained through the substitution of the sample by a 0.1 
mol/L phosphate buffer.  The lipid peroxidation inhibition was 
calculated by means of equation 1, where AControl is the control 
absorbance and ASample is the sample absorbance, both at 532 
nm, and the results are expressed as inhibition percentage 
(%Inhibition).  

%Inhibition = [(AControl−ASample)/AControl] x 100  (Eq. 
1) 
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2.6 Antihemolytic activity 

All the analysis employing erythrocytes were carried out 
thrice, with blood samples from three O+ donors, obtained 
from the University Regional Hospital Wallace Thadeu de 
Mello e Silva. The procedures were previously approved by the 
Ethics Committee of the State University of Ponta Grossa 
(Certificate of Presentation for Ethical Consideration - CAAE 
94830318.1.0000.0105). The erythrocytes were isolated [23] 
and resuspended in PBS until hematocrit were at 12.5% (v/v), 
and stored. During the assays, the volumes of the solution to 
be employed were chosen as to obtain a final hematocrit of 
0.8% (v/v).  

 

2.6.1 Isotonic condition 

The hemolytic activity in isotonic conditions [24] was 
assessed with the fractions in their final concentrations of 1, 
5 and 9 µg/mL. Total Hemolysis (TH) was measured by the 
substitution of the sample by ultrapure water. Mechanical 
Hemolysis (MH) was measured by substituting the fractions 
by PBS. The hemolysis percentage (%Hemolysis) was calculated 
according to equation 2, where ASample is the sample 
absorbance and ATH the total hemolysis absorbance, both at 
576 nm. 

%Hemolysis = (ASample/ATH) x 100  (Eq. 2) 

 

2.6.2 Hypotonic and H2O2-induced hemolysis 

 The hemoprotective potential 
of the fractions (5 µg/mL) was studied in hypotonic conditions 
[23, 25]. The assay in H2O2-induced oxidative stress was 
performed according to [26]. In both assays, TH was obtained 
by the substitution of the fractions with ultrapure water and 
the hemolysis rate was calculated according to equation 2.   

 

2.7 Statistical analysis 

All the analysis were carried out in triplicates, with the 
results expressed in means and standard deviation. The 
statistical analysis employed the Statistica v.13.3 software 
(Statsoft, USA), with a significance level of 0.05. The normality 
and homoscedasticity of the data were analyzed with the 
Shapiro-Wilk and Brown-Forsythe tests, respectively, whereas 
the difference between the values obtained was evaluated 
through the one-way variance analysis (ANOVA). Pearson 
correlation matrices were utilized to statistically correlate the 
chemical composition of the fractions with their antioxidant 
and antihemolytic activities. 

3. Results and Discussion 

3.1 Phenolic composition 

The fractions’ yield (Table 1), is a result of the use of water 
as solvent to obtain the crude extract, extracting the most 
polar compounds. Hence the yields increased from DF to EAF 
pH 4. The pH value of the fractions in ethyl acetate were 
selected because, at pH 8, phenolic acids are deprotonated. 
As a result, there is greater interaction with the aqueous phase 
and they are not extracted by ethyl acetate. Values of pH 
greater than that might lead to the capture of the phenolic 
hydroxyl hydrogen, turning the extraction less specific. The 
subsequent acidification of the aqueous phase to pH 4 
protonates the previously deprotonated phenolic compounds, 
allowing their extraction by ethyl acetate [15].  

 

Table 1. Yield and quantification of compound classes in the 
fractions of Tipuana tipu leaves. 

Sample 
Yield 
(mg) 

TPC 
(mg 

AGE/g) 

TFC 
(mg 

CE/g) 

DF 115 81 ± 1b 121 ± 
10b 

EAF pH 8 200 97 ± 1a 144 ± 8a 
EAF pH 4 580 80 ± 1b 128 ± 3ab 

p-Value 
(Homoscedasticity) 

NA 0.8900 0.7461 

p-Value (one-way 
ANOVA) 

NA < 0.05 < 0.05 

Note: DF = Dichloromethane fraction; EAF = Ethyl Acetate 
fraction; TPC = Total Phenolic Content; TFC = Total Flavonoid 
Content. Different letters on the same column represent 
statistically significative differences (p ≤ 0.05). NA = Non-
Appliable. 

 

All fractions presented significant amount of total 
phenolic compounds, mainly EAF pH 8 (97 mg AGE/g), when 
compared to values found within the aqueous extract of 
Medicago minima L. leaves (16.65 mg AGE/g) [27], which also 
belongs to the Fabaceae family. The highest value of total 
flavonoids (Table 1) was detected on EAF pH 8 (144 mg CE/g). 
The fact that the fractions presented a lower content of total 
phenols than that of total flavonoids is possibly due to the low 
accuracy of the methods employed. The vegetable matrix 
presents a large number of interferents that may maximize or 
minimize the assessed response, therefore, other compounds 
might react in the same way as the target molecules or inhibit 
their action [16]. 

 

Table 2. Quantification by HPLC-DAD of individual phenolic 
compounds in the fractions of Tipuana tipu leaves. 

Sample 

Querc
etin 

(mg/1
00 g) 

Rutin 
(mg/1
00 g) 

Protocate
chuic acid 
(mg/100 

g) 

Chlorog
enic 
acid 

(mg/100 
g) 

DF ND 
137 ± 

11c 
ND ND 

EAF pH 8 98 ± 7a 
550 ± 

13b 
ND ND 

EAF pH 4 88 ± 6a 
2225 

± 
119a 

ND ND 

p-Value 
(Homoscedas

ticity) 
0.3080 

0.142
7 

NA NA 

p-Value (one-
way ANOVA) 

< 0.05 < 0.05 NA NA 

Note: DF = Dichloromethane fraction; EAF = Ethyl Acetate 
fraction. Different letters on the same column represent 
statistically significative differences (p ≤ 0.05). ND = Not 
Detected; NA = Non-Appliable. 

 

This study sought to quantify quercetin, rutin, and 
chlorogenic and protocatechuic acids, since these 
compounds were previously reported in T. tipu extracts [3,28] 
(Table 2). Rutin was detected in all three fractions and 
quercetin only in the ethyl acetate fractions. Factors such as 
geographical location, climate and seasonality might have 
interfered in the phenolic compositions of the fractions 
[27,29], which might justify the absence of protocatechuic and 
chlorogenic acids. 

 

3.2. Antioxidant activity 
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The antioxidant activity of the fractions, assessed by Ferric 
Reducing Antioxidant Power (FRAP) Assay, varied between 
120-134 mg AAE/g, these values are over the ones found in 
the aqueous extracts of Aspalathus linearis Burm leaves, (29-
35 mg AAE/g) [24]. The fractions also exhibited a total 
reducing capacity between 215 and 280 mg QE/g, and EAF pH 
8 was the most efficient one. 

The fractions obtained were able to capture DPPH• in a 
dose-dependent manner (Figure 3), and EAF pH 8 was the 
most efficient in all the tested concentrations. In low 
concentrations, DF presented a radical capture efficiency 
similar to that of EAF pH 8, while in high concentrations, EAF 
pH 4 and 8 exhibited a similar reducing capacity. Table II 
shows the IC50 values, i.e. the antioxidant concentration 
capable of reducing 50% of the DPPH• initially added to the 
sample. The fraction which presented the lowest IC50 value, 
and, therefore, the highest efficiency in capturing the radical, 
was EAF pH 8 (185 mg/L). The IC50 of these samples were 
greater than those found in extracts with a binary methanol-
water mixture (1:1) from Parkia roxburghii G. Don leaves (16 
mg/L) [30].  

The antioxidant activity responses were statistically 
correlated (p ≤ 0.05) to the samples’ total phenolic content 
(TPC) (r FRAP = 0.8535; r CRT = 0.8170; r DPPH = -0.9951), in 
addition, the FRAP and DPPH results were correlated (p ≤ 
0.05) to the flavonoids content in the fractions (r FRAP = 0.7180; 
r DPPH = -0.8138). This confirms the report that demonstrated 
the correlation between the content of phenolic compounds 
and the capacity of reducing reactive species detected in 
extracts of 30 plants with potential industrial usage [31]. 
Furthermore, the analysis showed that EAF pH 8 was the most 
efficient at reducing reactive species among the fractions. 

The DF and EAF pH 8 were the most efficient fractions in 
the chelation of Fe (II) and Cu (II) (Table 3). The chelating 
capacity of the fractions was different to each metal, with 

chelation rates for Fe2+ between 17% (EAF pH4) and 23% (EAF 
pH 8), and for Cu2+ between 10% (EAF pH 4) and 14% (DF). The 
chelation of transition metals is an important mechanism of 
antioxidant action, because if such metals are free in a 
biological medium, they can take part in reactions that 
generate free radicals [32], and, eventually, be involved in an 
array of cellular injuries [33–35]. 
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Fig. 3 Dose-dependent inhibition of the DPPH radical (0.10 
mmol/L) in the presence of the fractions of Tipuana tipu leaves 
in: dichloromethane (DF) and ethyl acetate (EAF) at pH 8 and 

4. 

3.3 Inhibition of lipoperoxidation 

The effects of the samples presented different intensities 
on each tissue, being more efficient on the egg yolk than on 
the brain, which agrees with the literature (Table 4) [17]. Such 
divergence may be ascribed to the different lipid composition 
of such matrices [36,37], which, in fact, influences the sample 
induced protection. 

 

Table 3. Antioxidant activity of Tipuana tipu leaves fractions. 

Sample 
FRAP 
(mg AAE/g) 

TRC 
(mg QE/g) 

DPPH IC50 

(mg/L) 
Fe2+ Chelating 
Ability (%) 

Cu2+ Chelating 
Ability (%) 

DF 120 ± 4b 242 ± 8b 246 ± 3a 22 ± 1a 14 ± 1a 
EAF pH 8 134 ± 5a 280 ± 20a 185 ± 2b 23 ±1a 12 ± 1ab 
EAF pH 4 120 ± 3b 215 ± 10b 244 ± 4b 17 ± 1b 10 ± 1b 

p-Value (Homoscedasticity) 0.8463 0.4872 NA 0.9880 0.8801 
p-Value (one-way ANOVA) < 0.05 < 0.05 NA < 0.05 < 0.05 

Note: DF = Dichloromethane Fraction; EAF = Ethyl Acetate Fraction; FRAP = Ferric Reducing Antioxidant Power; TRC = Total Reducing 
Capacity. The chelating percentages of Fe2+ e Cu2+ correspond to 1000 mg/L of the fractions. Different letters in each column represent 
statistically different values (p ≤ 0.05). 

 

EAF pH 8 was the most efficient fraction at IPL in both 
matrices (81% for egg yolk and 70% for Wistar rats’ brains). 
These results were similar to those found in the presence of 
quercetin 10 µg/mL. Despite presenting a similar antioxidant 
activity in chemical medium (FRAP, DPPH, and Fe2+ and Cu2+ 
Chelation Activity), EAF pH 4 and DF displayed a lipid 
peroxidation inhibition capacity statistically different in both 
matrices. Such difference may be ascribed to changes in the 
environment, from a solely chemical medium to a biological 
matrix, which presented interferents that might optimize or 
minimize the fraction action, reinforcing the importance of 
carrying out analysis employing biological models, especially 
in vivo assays [38]. Additionally, DF interacts in a more 
efficient manner with lipids because it contains substances 
with a lower polarity than that of ethyl acetate pH 4, which 
favours the protection against lipid peroxidation. 

3.5 Antihemolytic activity 

The analysis in an isotonic condition evidenced the non-
toxicity of the fractions regarding erythrocytes (Figure 4A). DF, 
in 1, 5 and 9 µg/mL concentrations did not favour hemolysis 
in this osmotic condition. However, it did not significantly 
decrease the hemolysis rate when compared to the control 
sample (0 µg/mL). As regards EAF pH 8 and 4, they minimized 
the hemolysis in a dose-dependent manner. Such results are 
similar to those reported for fractions of dichloromethane and 
ethyl acetate (1-2%) of Rhynchosia pseudo-cajan (Camb.) 
leaves [39]. The decreased hemolysis rate is due to the 
reduction in oxygen reactive species generated in the medium, 
even without the oxidizing agent addition, by the reaction 
between hemoglobin iron and the oxygen present in the 
sample [40]. 
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Fig. 4 Hemolysis in erythrocytes O+ (hematocrit 0.8%) in isotonic conditions and pre-incubated with the fractions at 1, 5 and 9 µg/mL 
(A); in hypotonic conditions and pre-incubated at 5 µg/mL of the fractions DF (B), EAF pH 8 (C) and EAF pH 4 (D); In oxidative condition 
induced by H2O2 incubated with the fractions at 50 µg/mL (E). Note: Different letters represent statistically different results (p ≤ 0.05). 

On (A), the values were compared between the different concentrations of each extract and not between the extracts themselves. 

 

Table 4. Lipid peroxidation inhibition potential of the fractions 
(50 µg/mL) in two biological matrices. 

Sample 
(50 µg/mL) 

Egg Yolk 
Homogenate 

(%Inhibition) 

Wistar Rat Brain 
Homogenate 

(%Inhibition) 

DF 80 ± 1a 32 ± 3b 

EAF pH 8 81 ± 2a 70 ± 1a 

EAF pH 4 69 ± 6b 10 ± 1c 
Quercetin 10 µg/mL 79 ± 7a 65 ± 3a 

p-Value 
(Homoscedasticity) 

0.0627 0.1993 

p-Value (one-way 
ANOVA) 

< 0.05 < 0.05 

Note: DF = Dichloromethane Fraction; EAF = Ethyl Acetate 
Fraction; Different letters on the same column indicate 
statistically different values (p ≤ 0.05). 

All three fractions displayed hemoprotective activity in 
hypotonic conditions (Figure 4), that is, in susceptible 
conditions of the erythrocyte membrane. The control curve, 
built only with erythrocytes in hypotonic PBS ([NaCl] = 0.0-
0.9% m/v), presented a H50 of 0.452%. Such value indicates 
the NaCl concentration in which 50% hemolysis is obtained. 
The fractions provided lower H50 values, namely, 0.408% for 
DF, 0.375% for EAF pH 8, and 0.385% for EAF pH 4, validating 
the hemoprotective profile of the samples, given that under a 
gradual decrease in osmotic pressure, even in low 
concentrations, the compositions of the fractions hinder 
erythrocyte rupture. 

Total flavonoid (r = -0.7220) and quercetin (r = -0.9146) 
contents were statistically correlated (p ≤ 0.05) with H50 
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values. The flavonoids of the fractions were capable of 
decreasing membrane fluidity through hydrogen bonds with 
the polar heads of phospholipids and, therefore, protecting the 
erythrocytes from osmotic stress [41]. The more polar these 
flavonoids are, the more efficient the protection is [42], which 
explains the EAF pH 4 higher efficiency in membrane 
protection when compared to DF, considering that both 
fractions presented similar flavonoid contents.  

In H2O2 induced oxidative stress conditions, the responses 
obtained also evidenced a significant protection from 
hemolysis (Figure 4E). However, there was no statistical 
difference between the percentages of hemolysis in the 
presence of the fractions, even though all those values were 
statistically different from the hemolysis value in the absence 
of antioxidants (23-29% hemolysis inhibition). The results 
obtained under oxidative stress were higher than those found 
with the methanolic extract of Carica papaya L. leaves (7-15% 
inhibition) [43]. This protection is probably due to the 
antioxidant potential shown by the fractions, thus preventing 
the oxidation of membrane lipids and proteins, and, 
consequently the occurrence of cellular rupture. 

4. Conclusions  

The presence of quercetin and rutin was detected in the 
tested fractions. Those samples were rich in phenolic 
compounds and flavonoids, presenting results that suggest 
their efficiency regarding antioxidant activity (FRAP, DPPH, 
TRC, and Iron and Copper Chelation Abilities), antihemolytic 
activity (isotonic, hypotonic and oxidative conditions), and 
lipid peroxidation inhibitive activity (white-shelled egg’s yolk 
and Wistar rats’ brain).  EAF pH 8 was the most efficient 
fraction. Hence, T. tipu leaves can be considered an important 
source of antioxidant substances with in vitro properties 
related to membrane protection. 

Supporting Information  

Table S1 – Analytical curves for the quantification of 
individual phenolic compounds by HPLC-DAD and Figure S1 – 
Chromatograms obtained in the HPLC-DAD analysis for each 
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method; (C) EAF pH8, phenolic acids method; (D) EAF pH8, 
flavonoids method; (E) EAF pH4, phenolic acids method; (F) 
EAF pH4, flavonoids method. 
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