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Abstract Doxorubicin is an anticancer drug whose toxic effects on non-cancer cells are associ-
ated with increased oxidative stress. This study investigated the chemical composition, antioxi-
dant activity of the methanolic extract of Schinus terebinthifoliusRaddi leaves (MESL) as well as
effects against doxorubicin-induced toxicity in human erythrocytes, K562 human
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erythroleukemia cells, and mouse hearts. The chemical composition indicated the presence of
phenolic compounds, flavonoids, tannins, and ascorbic acid. MESL showed antioxidant activity
by scavenging free radicals and inhibiting hemolysis and lipid peroxidation in human erythrocytes
incubated with an oxidizing agent, and was able to increase the enzymatic activity of superoxide
dismutase and glutathione peroxidase in human erythrocytes, without influencing the activity of
enzyme catalase. The increase of oxidative hemolysis and malondialdehyde levels in erythrocytes
incubated with doxorubicin was reduced by treatment with MESL. The cytotoxic activity of
doxorubicin in erythroleukemia cells treated with MESL was unmodified. Additionally, the
extract protected mice against the doxorubicin-induced cardiotoxicity. In conclusion, the MESL
exhibits antioxidant activity, reducing doxorubicin-induced oxidative stress without changing the
anticancer action of the drug, and protects against doxorubicin-induced cardiotoxicity. Hence,
these findings suggest that these effects are via anti-oxidative by inhibiting free radicals, decreased
oxidative stress, and increased antioxidant enzyme activity.

Keywords Cardiotoxicity . Natural products . Malondialdehyde . Lipid peroxidation . Reactive
oxygen species . Medicinal plants

Introduction

Doxorubicin is widely used for treating various cancers including acute leukemias, malignant
lymphomas, and various solid tumors. However, prolonged use can cause toxic side effects such as
cardiotoxicity [1, 2]. The antitumor action mechanisms of doxorubicin include inhibition of
topoisomerase II and intercalation of the drug between pairs of DNA, and increased oxidative
stress, which is considered a limiting factor for its long-term use due to the accumulation of reactive
oxygen species [3, 4]. In view of the oxidative stress induced by the clinical use of doxorubicin,
compoundswith antioxidant properties that do not interfere with the therapeutic potential of the drug
have been investigated [5, 6]. Among the antioxidant compounds most widely used against the
toxicity of doxorubicin, terpenoids [7, 8] and phenolic compounds [9–11] stand out. In recent years,
there has been a growing interest in the pharmacological properties of medicinal plants in order to
produce new herbal, semi-synthetic drugs and derivatives of natural products with fewer side effects
that can assist in the treatment of various diseases [12, 13].

Schinus terebinthifolius Raddi (Anacardiaceae) is a medicinal plant, popularly known as
Brazilian pepper tree, aroeira, rose pepper, or broadleaved pepper tree, and is a tree species
native to Brazil. This plant is included in the Brazilian Pharmacopeia and is popularly used in
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the treatment of wounds and skin ulcers, tumors, diarrhea, arthritis, and urinary and respiratory
tract infections [14, 15]. The anti-inflammatory [16], antimicrobial [17], and antitumor [18, 19]
activities of the leaves and fruits of this plant have been investigated and described in various
pharmacological models and have been attributed to its chemical constituents such as terpe-
noids and phenolic compounds.

In this context, the aim of this study was to evaluate the chemical composition, antioxidant
activity of the methanolic extract of S. terebinthifolius Raddi leaves (MESL) as well as effects
against doxorubicin-induced toxicity in human erythrocytes, K562 human erythroleukemia
cells, and mouse hearts.

Materials and Methods

Plant Material and Preparation of MESL

S. terebinthifolius Raddi leaves were collected under coordinates 22° 11′ 43.7568″ S and 54°
56′ 8.0916″W. Avoucher specimen was deposited in the Herbarium of the Federal University
of Grande Dourados, Brazil DDMS (No. 4889). Dried leaves (2.128 g) were kept in thorough
maceration in absolute methanol. The filtrate was concentrated under vacuum at 45 °C and
lyophilized to obtain the methanolic extract of S. terebinthifolius leaves (MESL). The yield
was approximately 13%.

Chemical Composition

Total Phenolic Compound Content

The content of phenolic compounds in the MESL was determined using the Folin-Ciocalteu
colorimetric method, as detailed by Meda et al. [20], with some modifications. The MESL
(200 μg/mL) was diluted in absolute ethanol, and a 0.5-mL aliquot was added to 2.5 mL of
Folin-Ciocalteu reagent (diluted 1:10 with distilled water). This solution was allowed to stand
for 5 min at room temperature. After this period, 2 mL of a 14% sodium carbonate solution
was added to the samples, the mixture was incubated for 2 h at room temperature, and the
absorbance was read at 760 nm in a T70 UV/VIS spectrophotometer (PG Instruments Limited,
UK). A standard curve was prepared using gallic acid in the concentration range of 0.4–
11.0 μg/mL. The total amount of phenolic compounds was expressed in milligrams of gallic
acid equivalents per gram of extract (mg GAE/g extract). Assays were performed in triplicate.

Flavonoid Content

The total flavonoids present in the MESL were determined according to the method described
by Liberio et al. [21], with some modifications. Briefly, 4.5 mL of a hexahydrate aluminum
chloride solution (AlCl3·6H2O) at 2% in absolute methanol was mixed with 0.5 mL of the
MESL (200 μg/mL). The mixture was incubated for 30 min at room temperature, and the
absorbance was read at 415 nm in a T70 UV/VIS spectrophotometer (PG Instruments Limited,
UK). A standard curve was prepared using quercetin in the concentration range of 0.4–
11.0 μg/mL. The total flavonoids were expressed as milligrams of quercetin equivalents per
gram of extract (mg QE/g extract). Assays were performed in triplicate.
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Tannin Content

One milliliter of MESL (2 mg/mL) was mixed with 2 mL of 4% vanillin solution in methanol
and 2 mL of 8% HCl in methanol. The mixture was allowed to 30 °C stand for 20 min, and
absorption was measured at 500 nm against methanol as a blank. Quantitation was performed
using a calibration curve with increasing concentrations of catechin. The amount of total
condensed tannins is expressed as milligrams of catechin equivalents per gram of extract (mg
CE/g extract). Assays were performed in triplicate.

Ascorbic Acid Content

The ascorbic acid content was investigated using the titration method described by Benassi and
Antunes [22], being expressed as milligrams of ascorbic acid equivalent per gram of extract
(mg AAE/g extract). Assays were performed in triplicate.

Presence of Saponins

The presence of saponins was determined using method described by Tirloni et al. [23]. For this
assay, 5 mg ofMESLwas solubilized in 1 mL of 80% ethanol and then, 2.5 mL of boiling water
was added. The mixture was vigorously stirred and allowed to stand for 20 min. In this assay,
the presence of foam indicates the presence of saponins. Assays were performed in triplicate.

Antioxidant Activity Determination

DPPH· Free Radical Scavenging Assay

The 2,2-diphenyl-1-picrylhydrazyl (DPPH·) free radical scavenging assay was performed
according to method described by Campos et al. [24]. Different MESL concentrations (0.1–
1000 μg/mL) were mixed with DPPH· solution (0.11 mM) in 80% ethanol. The mixture was
homogenized and incubated at room temperature in the dark for 30 min and read at 517 nm.
Ascorbic acid was used as standard. Three independent experiments were performed in
triplicate. The percentage of DPPH· inhibition in samples was calculated by the equation
described: % inhibition of DPPH· = (1 − Abssample / AbsDPPH·) × 100.

Assessment of the Activity of Antioxidant Enzymes

In all assays, dilution of erythrocytes at 1:200 was used (25 mmol/L potassium phosphate buffer,
pH 7.5, supplemented with 0.1% bovine serum albumin and 1 mmol/L EDTA). All assays were
performed in microplates (Multiskan GO Microplate Spectrophotometer; Thermo Scientifc®,
Vantaa, Finland). Erythrocytes were incubated with different MESL concentrations (50–500 μg/
mL) for 20 min at 37 °C. Two independent experiments were performed in triplicate.

SOD Activity

SOD was determined using the Fluka® commercial kit (Sigma-Aldrich®, Seelze, Germany)
according to manufacturer’s instructions. Data are expressed as the total international unit (IU)
normalized to the hemoglobin concentration in milligrams/milliliter (IU/Hb, mmol/L).
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CAT Activity

CAT activity was spectrophotometrically determined by the hydrogen peroxide (H2O2) de-
composition rate, according to method described by Xu et al. [25], with modifications for
microplates. Data were normalized for hemoglobin levels, and activity was expressed as
micromoles per minute per milliliter per millimolar hemoglobin.

GPx Activity

GPx activity was determined using colorimetric method described by Paglia and Valentine [26],
adapted for microplates. Data were normalized by hemoglobin levels and the enzyme activity
was expressed as nanomoles per minute per milliliter per hemoglobin, millimolar per liter.

Antioxidant Assay Using Model of Human Erythrocytes

Preparation of Erythrocyte Suspensions

About 15 mL of peripheral blood was collected from healthy donors (procedure approved by
the Ethics Research Committee of the Federal University of Grande Dourados - UNIGRAN -
No. 123/12). Blood was centrifuged at 700×g; plasma and blood buffy coat were discarded.
Erythrocytes were washed three times in 0.9% sodium chloride (NaCl) and after washing, two
erythrocyte suspensions were prepared at 10 to 20% in 0.9% NaCl.

Hemolysis Assay and Inhibition of Oxidative Hemolysis

The hemolytic capacity and inhibition of oxidative hemolysis of MESL was determined
according to method described by Campos et al. [24], with modifications. The assays were
performed with 10% erythrocyte suspensions. Erythrocytes were preincubated at 37 °C for
30 min in test tubes in the presence of different concentrations of ascorbic acid or MESL (50–
500 μg/mL). Subsequently, 0.9% NaCl or 2,2′-azobis (2-amidinopropane) dihydrochloride
(AAPH) 50 mM was added to evaluate the hemolytic capacity and oxidative hemolysis
inhibition, respectively. Samples remained at 37 °C for 240 min with periodic shaking. Ethanol
was used as solvent control at final concentration of 0.8%. Total hemolysis was induced by
incubating erythrocytes with distilled water. Three independent experiments were performed in
duplicate. The hemolysis percentage was determined by measuring absorbance at 540 nm, by
the equation described: % hemolysis = Abssample / Abstotal hemolysis × 100.

Effect of Lipid Peroxidation Inhibition in Erythrocytes

Assays were carried out with 20% erythrocyte suspensions. Erythrocytes were preincubated at
37 °C for 30 min in the presence of different concentrations of ascorbic acid or MESL (50–
500 μg/mL). Then, 50 mM AAPH was added to the erythrocyte solution and incubated at
37 °C for 4 h with periodic shaking. After this period, samples were centrifuged at 700×g and
aliquots of 500 μL of the supernatant were transferred to tubes with 1 mL of 10 nmol
thiobarbituric acid (TBA). As a standard, 500 μL of 20-mMmalondialdehyde (MDA) solution
was added to 1 mL of TBA. Samples were incubated at 96 °C for 45 min. Then, 4 mL of n-
butyl alcohol was added and centrifuged at 1600×g. The absorbance of supernatants was
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measured at 532 nm. Two independent experiments were performed in triplicate. The MDA
concentration in samples was expressed in nanomoles per milliliter, obtained from the equation
described: MDA = Abssample × (20 × 220.32 / Absstandard).

Oxidative Hemolysis and Lipid Peroxidation Doxorubicin-Induced in vitro
and in vivo

Oxidative Hemolysis

Erythrocytes 10% were preincubated at 37 °C for 30 min with different concentrations of
MESL (50–500 μg/mL). Later, doxorubicin was added (160 μg/mL), being maintained at
37 °C for 240 min with periodic shaking. After this period, the hemolysis percentage was
determined by measuring the absorbance at 540 nm, by the equation described: % hemoly-
sis = Abssample / Abstotal hemolysis × 100. Total hemolysis was induced by incubating erythro-
cytes with distilled water. Three independent experiments were performed in duplicate.

Lipid Peroxidation

Erythrocytes were preincubated at 37 °C for 30 min in the presence of different MESL
concentrations of (50–500 μg/mL). Then, doxorubicin (160 μg/mL) was added to the eryth-
rocyte solution and incubated at 37 °C for 4 h with periodic shaking. After this period, samples
were centrifuged at 700×g and aliquots of 500 μL of the supernatant were transferred to tubes
with 1 mL of 10 nmol TBA. As a standard, 500 μL of MDA solution (20 mM) was added to
1 mL of TBA. Samples were incubated at 96 °C for 45 min. Then, 4 mL of n-butyl alcohol was
added and centrifuged at 1600×g. The supernatants of samples were removed and the
absorbance was measured at 532 nm. Two independent experiments were performed in
triplicate. The MDA concentration in samples was expressed in nanomoles per milliliter,
obtained from the equation described: MDA = Abssample × (20 × 220.32 / Absstandard).

Cell Viability Assay by MTT

K562 cells 2 × 104 in RPMI medium supplemented with 10% inactivated fetal bovine serum,
100 U/mL penicillin, and 100 μg/mL streptomycin were placed in a 96-well plate, followed by
addition of doxorubicin 0.5 μg/mL and different concentrations of MESL (50–500 μg/mL).
Cells were incubated in a final volume of 200 μL for 48 h at 37 °C in CO2 atmosphere at 5%
of humidity. After a 48-h incubation, the plates were centrifuged to pellet the cells, the
supernatant was removed, and 100 μL of MTT (1 mg/mL) dissolved in RPMI medium was
added followed by incubation for 4 h at 37 °C in a humid, 5% CO2 atmosphere. After this
period, the plates were centrifuged again, the supernatant was removed, and the insoluble
formazan crystals were dissolved in 100 μL of dimethyl sulfoxide. The absorbance was read in
ELISA plate reader at 630 nm. The results were expressed as percentage inhibition relative to
control cells (considered as 100%).

Doxorubicin-Induced Cardiac Oxidative Stress: Levels of Malondialdehyde

Experimental procedures followed the standards of the National Council for the Control of
Animal Experimentation (CONCEA) and were approved by the Ethics Committee for Animal
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Use of the Federal University of Grande Dourados (protocol no. 37/2015 CEUA/UFGD).
Female C57Bl/6 mice were maintained in 12-h light/dark cycle under controlled temperature
(22 ± 2 °C) and given food and water ad libitum. The doxorubicin-induced cardiac stress was
performed according to method described by Momin et al. [27], with modifications. The
animals weighing approximately 30 g treated for 18 days, divided into three groups of five
animals each: Group 1: control—mice treated with 0.9% NaCl intraperitoneal injection (i.p.),
Group 2: DOX—mice treated with doxorubicin with total cumulative dose of 24 mg/kg i.p. in
six divided dosages, and Group 3: DOX + MESL—mice pretreated with methanolic extract of
Schinus terebinthifolius Raddi leaves 200 mg/kg oral gavage (p.o.) along with doxorubicin
treatment. Groups 2 and 3 received doxorubicin at alternate days from the 7th day (the days
selected for doxorubicin injection was on the 7th, 9th, 11th, 13th, 15th, and 17th. On the 18th
day, parameters studied were general appearance and heart weight.

To verify the levels of MDA in mouse hearts with doxorubicin-induced cardiac oxidative
stress, 1:4 (m/v) of cardiac tissue was homogenized with 1.15% KCl. Thereafter, the samples
were centrifuged at 1600×g for 10 min and 0.5-mL aliquots of the supernatant were mixed
with 1 mL of trichloroacetic acid (10% TCA) and 1 mL of 10 nM TBA and incubated at 96 °C
for 45 min. After cooling, they were added with 3 mL of n-butyl alcohol and centrifuged at
1600×g for 10 min; the supernatants of samples were removed and the absorbance was
measured at 532 nm. The MDA concentration in samples was expressed in nanomoles per
milliliter, obtained from the equation described: MDA = Abssample × (60 × 220.32 /
Absstandard). As a standard, 0.5 mL of MDA solution (60 mM) was added to 1 mL of TCA
and 1 mL TBA.

Statistical Analysis

Data are expressed as mean ± standard error of the mean (SEM). For analysis and comparison
of results, the one-way analysis of variance (ANOVA) test and Student-Newman-Keuls post-
test were used. Data were considered significant when P < 0.05.

Results

Total Phenolic Compound, Flavonoid, Tannin, Ascorbic Acid, and Saponin
Contents

MESL showed the presence of phenolic compounds 145.45 ± 4.5 mg GAE/g of extract,
flavonoid 12.46 ± 1.6 QE/g of extract, tannin 129.36 ± 0.9 CE/g mg of extract, and ascorbic
acid 7.78 ± 0.5 mg AAE/g of extract. The presence of saponins was not verified.

Antioxidant Activity

DPPH· Free Radical Scavenging Activity

Considering the presence of substances with antioxidant potential, in vitro assay was per-
formed to evaluate the DPPH· free radical scavenging activity by MESL. The concentration
that inhibited 50% of DPPH· free radicals (IC50) and the maximum activity shown by MESL
was similar to that presented by ascorbic acid as shown in Table 1.
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Activity of SOD, CAT, and GPx Antioxidant Enzymes

The activities of SOD, CAT, and GPx antioxidant enzymes were evaluated in human
erythrocyte lysates. MESL increased the enzymatic activity of SOD at all concentra-
tions evaluated by approximately 25 ± 2% (Fig. 1a), but did not influence the activity
of CAT (Fig. 1b) and GPx enzymes (Fig. 1c), except for the GPx in most evaluated
concentration (500 μg/mL).

Oxidative Hemolysis Inhibition Assay

MESL was also evaluated for its hemolytic property and capacity to protect erythrocytes
against oxidative hemolysis. MESL showed no hemolytic activity at concentrations up to
250 μg/mL during the experimental period of 240 min (Fig. 2a), indicating that these are not
toxic for this cell model at the evaluated concentrations. However, at the highest concentra-
tions tested, 500 μg/mL, MESL induced hemolysis. Additionally, MESL exhibited anti-
hemolytic activity at all concentrations evaluated during the entire experimental period of
240 min (Fig. 2b).

Lipid Peroxidation Inhibition

The capacity of MESL to inhibit lipid peroxidation in human erythrocytes induced by AAPH
was confirmed with the dosage of MDA generated. MESL inhibited lipid peroxidation induced
by AAPH as indicated by the decrease in MDA levels by 76, 92, 90, 90, 84, and 72% at
concentrations of 50, 75, 100, 125, 250, and 500 μg/mL, respectively, compared to the AAPH
group, already to the effect of ascorbic acid at the same concentrations, decreased by 36, 43,
78, 80, 89, and 90% (Fig. 3).

Table 1 IC50 values and maximum activity (Amax) of ascorbic acid and methanolic extract of S. terebinthifolius
leaves (MESL) to scavenge the DPPH· free radical

Samples IC50 (μg/mL) Amax (%) Amax (μg/mL)

Ascorbic acid 2.3 ± 0.4 95.7 ± 0.2 50
MESL 3.7 ± 1.6 94.2 ± 0.4 50

Values are expressed as mean ± SEM

Fig. 1 Activity of antioxidant enzymes superoxide dismutase (a), catalase (b), and glutathione peroxidase (c) in
erythrocyte lysates incubated with different concentrations of MESL (μg/mL). Values are expressed as mean ±
SEM. *P < 0.05; ***P < 0.001 compared to the control group
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Reduction of Oxidative Hemolysis and Doxorubicin-Induced Lipid Peroxidation
in a Model of Human Erythrocytes

MESL was able to reduce doxorubicin-induced oxidative hemolysis by
34.83 ± 5.23 and 52.53 ± 5.6% at concentrations of 250 and 500 μg/mL,
respectively (Fig. 4a), and MDA levels by 17.89 ± 5.24, 33.09 ± 5.04, and
46.23 ± 1.51% at concentrations of 125, 250, and 500 μg/mL, respectively
(Fig. 4b).

Fig. 2 Human erythrocytes incubated for 240 min with different concentrations of ascorbic acid and MESL (μg/
mL) in the absence (a) and presence (b) of 50 mM AAPH. Values are expressed as mean ± SEM. *P < 0.001
compared to 0.9% NaCl control group (a) and AAPH (b)
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Cell Viability in the Presence of Doxorubicin and MESL

The viability of K562 leukemic cells was measured using MTTassay. Doxorubicin was able to
reduce approximately 73% cell viability, the MESL also reduce the cell viability (Fig. 5a);
however, there was no change on the cytotoxic activity of doxorubicin in K562 cells at all the
concentrations tested (Fig. 5b).

Malondialdehyde Levels in Mouse Hearts

Oxidative stress is a major cause of doxorubicin-induced cardiotoxicity. The MESL was able
to protect mice against the doxorubicin-induced cardiotoxicity, as observed by reduced MDA
levels, restoring the values to those observed in the control (Fig. 6).

Discussion

During cancer treatment, doxorubicin increases the production of free radicals and reduces the
expression of antioxidant enzymes in the heart, indicating that this drug induces oxidative stress
resulting in cardiotoxicity, which becomes the major limitation for its clinical use [28, 29].

Currently, combinations of anticancer drugs with antioxidant agents are being investigated
to improve clinical response and reduce the toxic effects caused by anticancer drugs. It has
been demonstrated that the administration of antioxidant agents like carotenoids and flavo-
noids may prevent damage caused by the use of doxorubicin [8, 30].

Our results show that the phytochemical constituents of MESL are phenolic compounds, and
among these, tannins, and flavonoids, besides ascorbic acid, which are known as antioxidants,
because of their ability of complexing metal ions and macromolecules, inactivating free radicals,
and preventing the conversion of hydrogen peroxide [31–34]. The inhibition of free radicals can
prevent hydrogen peroxide conversion into reactive oxyradicals resulting in cellular protection.

Fig. 3 MDA content in erythrocytes incubated with different concentrations of ascorbic acid and MESL (μg/
mL) for 240 min. The control group was incubated only with AAPH. Values are expressed as mean ± SEM.
*P < 0.001 compared to the control group
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Phenolic compounds and some terpenoids such as carotenoids also inactivate radical
reactions preventing hydroperoxide conversion into reactive oxyradicals [32]. In addition,
the body produces endogenous enzymatic antioxidants including SOD, CAT, and GPx en-
zymes, which act in preventing as well as controlling the formation of reactive oxygen species
[35]. Ascorbic acid may be associated with increased activity of SOD enzyme, which is
capable of transforming superoxide anion radical (O2

·−) into H2O2 [36]. Antioxidants maintain
the balance between the formation and elimination of oxidative compounds, inhibiting the
formation of lipid hydroperoxides and aldehydes, such as MDA, which has been associated
with the development of various diseases and complications [37, 38].

In our study, the activity of CAT enzyme showed no significant changes, which may
indicate that the capacity of reducing oxidative stress observed in erythrocytes in the presence
of the oxidative agent AAPH and anticancer agent doxorubicin may be linked to the
complexing of phenolic compounds present in MESL with iron metal, inhibiting Fenton
reactions, resulting in the generation of hydroxyl radical (·OH) for which there is no specific

Fig. 4 Human erythrocytes incubated with DOX (160 μg/mL) and different MESL concentrations (μg/mL) for
240 min at 37 °C: hemolysis percentage (a) and MDA content (b). Values are expressed as mean ± SEM.
*P < 0.05; **P < 0.01; ***P < 0.001 compared to the control group (treated only with doxorubicin)
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defense enzymatic system [39]. Additionally, the aromatic ring with one or more hydroxyl
groups of phenolic compounds can donate electron pairs to stabilize free radicals such as ·OH
radicals, inhibiting lipid peroxidation [40].

There is cell damage during the oxidative stress process, some resulting from the formation
of lipid hydroperoxides and aldehydes, such as MDA, substance known to be associated with
the development of several diseases [41]. The reduction in the generation of MDA in
erythrocytes incubated with AAPH or doxorubicin in the presence of MESL confirmed its
antioxidant activity and ability to reduce oxidative stress in this cell model.

Fig. 5 Cell viability of K562
incubated with DOX (0.5 μg/mL)
and different MESL concentrations
(50–500 μg/mL): only MESL (a)
and MESL incubated with DOX
(b). The control group represents
untreated cells. Values are
expressed as mean ± SEM.
*P < 0.05 compared with control.
#P < 0.05 compared with the DOX
group

Fig. 6 MDA levels in normal
mouse hearts (control) and
mouse with doxorubicin-induced
cardiac oxidative stress (24 mg/kg)
treated with water or 200 mg/kg
MESL. Values are expressed as
mean ± SEM. *P < 0.05 compared
with the control. #P < 0.05 com-
pared with the DOX group
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Antioxidants may help in the treatment of patients making use of anticancer drugs, reducing
the impact of oxidative stress caused by drugs [42, 43], provided that they do not change their
pharmacological properties. Although MESL presents an important cytotoxic effect, when
combined administration with doxorubicin to leukemic cells, it did not change the cytotoxic
activity of the drug. Extracts from plants that exhibit antioxidant activities and cytotoxic effects
are well described in the literature [44, 45].

Although doxorubicin is an effective anticancer agent, its therapeutic use is limited by
cardiotoxicity [29]. The treatment of mice with MESL protected against the doxorubicin-
induced cardiotoxicity in mice, corroborating with results of reduction of oxidative hemolysis
and doxorubicin-induced lipid peroxidation in human erythrocytes observed in this study. Data
opened new study perspectives for the potential use of MESL and their compounds in the
prevention and treatment of diseases related to oxidative stress or as a protective adjuvant
against oxidative stress caused by anticancer drugs.

Other plant extracts have been evaluated against the toxicity induced by doxorubicin such
as Vaccinium macrocarpon, Ficus racemosa, Olea europaea, and Uncaria tomentosa, the
latter being used in clinical trials as an adjuvant treatment for breast cancer, with
cardioprotective activity related to its high content of antioxidants [46–49].

Taken together, our results suggest that the methanolic extract of S. terebinthifolius leaves
possesses beneficial properties reducing doxorubicin-induced oxidative stress in human eryth-
rocytes without changing the cytotoxic action of the anticancer agent on K562 human
erythroleukemia cells and protecting against doxorubicin-induced cardiotoxicity. Hence, these
findings suggest that these effects are via anti-oxidative effects by inhibiting free radicals,
decreased oxidative stress (MDA), and increased antioxidant enzyme activity (SOD and GPx).
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