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Abstract

The chemical composition of natural products is complex and the investigation of bioac-
tivities of compounds of interest demands their isolation. S. terebinthifolia Raddi is a tree
belonging to the Anacardiaceae family and is used in Brazilian folk medicine; its fruit (pink
peppers) are used in cooking and its bark in phytomedicine. Extracts of other parts of this
plant contain a plethora of components and merit further studies. Countercurrent chro-
matography (CCC) is frequently employed with natural products due to the high sample
recovery rate. The objective of this work was to determine the best solvent system (SS) to
fraction the ethanol extracts of leaves, flowers and fruit of Schinus terebinthifolia by CCC
and isolate compounds of interest and elucidate their structures through nuclear magnetic
resonance (NMR) and mass spectrometry (MS). In addition, antiproliferative, potential
cell regeneration and antioxidant activities of the fractions of interest were evaluated. In
the present work, three compounds were isolated; two were identified as anacardic acids
[(6-(8′, 11′-heptadecadienyl)-salicylic acid and 6-(8′-heptadecenyl)-salicylic acid], as well
as (Z)-masticadienoic acid. These compounds showed antiproliferative and potential cell
regeneration activities as well as varying degrees of antioxidant capacity. Although these
compounds present potential therapeutic activity, more studies are necessary to confirm
their safety.

Keywords: counter-current chromatography; Schinus terebinthifolia; chemical composition;
biological activities

1. Introduction
There are diverse techniques to isolate compounds of complex matrices, like extracts

from natural products. Countercurrent chromatography (CCC) is ever more frequently
employed in work with natural products due to its high sample recovery rate [1,2]. This
occurs because the material that was not obtained during the elution process can be obtained
by extruding the stationary phase from the column. This way, nothing is retained by the

Separations 2026, 13, 103 https://doi.org/10.3390/separations13040103

https://crossmark.crossref.org/dialog?doi=10.3390/separations13040103&domain=pdf&date_stamp=2026-03-25
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/separations
https://www.mdpi.com
https://orcid.org/0000-0002-7710-0080
https://orcid.org/0000-0002-8754-3889
https://orcid.org/0000-0002-0844-8702
https://orcid.org/0000-0002-9419-0110
https://orcid.org/0000-0003-4242-5034
https://orcid.org/0000-0001-7524-6628
https://doi.org/10.3390/separations13040103


Separations 2026, 13, 103 2 of 12

column. Furthermore, CCC presents other advantages in relation to conventional liquid
separation methods, such as a low risk of sample denaturation and no need to use expensive
columns; it is possible to work in normal or reversed phase [3]. One such solvent system (SS)
that has proven to be highly effective is the n-hexane/ethyl acetate/methanol/water system
(HEMWat), which is most commonly used in CCC [4]. On the other hand, commonly, a
large amount of organic solvent is used in this technique.

The extracts of Schinus terebinthifolia Raddi (Anacardiaceae) bark show wound-
healing [5], antiulcer [6] and antioxidant [7] activity. Fruit extracts were described as
anti-inflammatory [8] and antioxidant [9]; leaf extracts showed antioxidant [10] and an-
tifungal [11] properties. The use of its fruit (pink peppers) in cooking gave rise to an
important market to supplement the income of small producers [12].

A review of pink pepper’s many applications was published in 2022 [13]. Studies of
the composition and activity of other parts of this interesting species have focused on its
essential oil [14]. However, other forms of extraction can result in a plethora of components
(and bioactivities) that are not found in the essential oil and merit further studies. The
objective of this work was to fraction the ethanol extracts of leaves, flowers and fruit of
S. terebinthifolia by CCC, isolate compounds of interest and elucidate their structures through
NMR and MS. In addition, antiproliferative, potential of cell regeneration and antioxidant
activities of fractions were evaluated.

2. Materials and Methods
2.1. Plant Material

Leaves, flowers and fruit were collected from the same individual of Schinus terebinthi-
folia located at Institute of Biology, State University of Campinas (UNICAMP), 22◦49′18.6′′ S
47◦04′10.4′′ W). The voucher of the individual was deposited at the UNICAMP Herbarium
(UEC) numbered UEC 197984. The leaves were collected throughout the year of 2016, the
flowers were collected in September 2016, and the fruit were collected in October 2016.

2.2. Ethanolic Extracts

The fresh plant material (leaves, flowers and fruit) was extracted with absolute ethanol
in a ratio of 1:3 (g/mL), and the extraction was carried out using ultrasound for 30 min
at room temperature and protected from light. After the first filtration, the residue was
extracted again with half the volume of solvent from the first extraction for the exhaustive
extraction of the plant material. The extracts were filtered, and solvent was removed in
a Heidolph® rotary evaporator (Heidolph Instruments GmbH & Co. KG, Schwabach,
Germany) under vacuum at 55 ◦C and 100 rpm and then concentrated under vacuum
(SpeedVac, Thermo Fisher Scientific, Waltham, MA, USA) under the same conditions. This
procedure resulted in oily–viscous crude extracts. The yield was 3% (m/m) for the leaf, 5%
for the flower and 6% for the fruit extracts.

2.3. High-Performance Countercurrent Chromatography Separations

The crude extracts of leaf, flower and fruit were fractioned using MIDI equipment with
a PFA column at 30 ◦C and atmospheric pressure. The column volume was 912.5 mL and its
diameter was 4 mm. The SS used was HEMWat (6/1/6/1) to HEMWat (19/1/19/1), the mo-
bile phase was the aqueous (lower) phase of HEMWat (6/1/6/1) and HEMWat (19/1/19/1)
and the stationary phase was the organic (upper) phase of HEMWat (6/1/6/1); as in
reverse-phase chromatography. The column was filled with upper phase [organic phase
of HEMWat (6/1/6/1)], then the rotation (1250 rpm) was started. The lower phase [aque-
ous phase HEMWat (6/1/6/1)] was pumped into the column in the center-to-periphery
direction (“head-to-tail” mode). After the equilibrium, the sample dissolved in HEMWat
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(6/1/6/1) lower phase was injected. The volume injected was 50 mL for leaf and fruit extracts
and 25 mL for flower extracts; all extracts were in the same concentration, 100 mg/mL. The
flow was 20 mL/min, increased to 40 mL/min at 15 min, and the SS was changed to the
lower phase of HEMWat (19/1/19/1) after 40 min to allow the best separation. The total
time of separation was 99 min. Fractions were collected every 2 min when the flow rate
was 20 mL/min and every minute when the flow rate changed to 40 mL/min.

2.4. TLC Analysis

Analyses by thin-layer chromatography (TLC) were carried out using a normal-phase
silica gel TLC Plates 60 F254 (Merck Art. 05554, Darmstadt, Germany). The mobile
phase was CHCl3–EtOAc 2:1 (v/v), and the results were observed under visible and UV
light. After the crude extracts were fractioned by CCC, their fractions were combined,
according to the TLC results and concentrated in an evaporator under vacuum at 40 ◦C.
This was possible because the CCC method was highly reproducible and the fractions were
very similar.

2.5. LC-MS Analysis

The fractions obtained by CCC were analyzed by UHPLC-ESI-MS, with the elec-
trospray ionization in positive and negative modes. The equipment was a UPLC Ac-
quity chromatographer coupled a TQD Acquity Mass spectrometer (Micromass-Waters,
Manchester, UK), using a C18 BEH Waters Acquity (2.1 mm × 50 mm × 1.7 mm) column,
under the following conditions: solvent A (0.1% ammonium hydroxide solution in purified
water), solvent B (HPLC grade Methanol); beginning 70% B, ramping to 100% B in 7 min,
maintaining 100% B until 9 min, returning to the initial conditions in 9.1 min, and stabiliz-
ing until 12 min. The volume injected was 2 µL. The conditions of the mass spectrometer
were as follows: capillary 3.00 k, cone 30 V, source temperature of 150 ◦C and desolvation
temperature of 350 ◦C, full scan between m/z 100 and 1000.

The fractions of interest were analyzed by an Agilent Ultra-High-Performance Liquid
Chromatograph coupled to a high-resolution mass spectrometer, (Agilent 6560 UHPLC-IM-
QTOF, Santa Clara, CA, USA) for component identification. The analysis was performed
with a Jetstream electrospray ion source in negative ion mode, a capillary voltage of
−4000 V, and a fragmentor of −400 V, with a nebulization and sheath gas temperature of
150 ◦C and 360 ◦C, respectively. For compound identification, the MS/MS fragmentation
was performed with collision energies between 10 and 40 V. The chromatographic sepa-
ration was carried out on a Waters HSS-T3 2.1 × 50 mm, 1.8 µm column, at 40 ◦C, with a
flow of 0.4 mL/min. Solvent A was purified water with 0.1% ammonium hydroxide and
solvent B was methanol. The gradient started with 70% of B, ramping up to 100% of B in
7 min, maintaining until reaching 9 min, returning to 70% of B in 9.1, and maintaining this
condition until reaching 12 min. The volume injected was 2 µL.

2.6. NMR Analyses

The enriched fractions obtained by CCC, analyzed by UHPLC-ESI-MS containing
partially purified compounds, were subjected to NMR analysis to elucidate the structures
of the main compound in each fraction. 1H (500 MHz), DEPT-Q (125 MHz), COSY, HSQC,
and HMBC spectra were obtained using a Bruker Topspin 400 spectrometer (Rheinstetten,
Germany) at room temperature. Tetramethylsilane was used as an internal standard.
Deuterated chloroform (CDCl3) was used as the solvent.
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2.7. Biological Activities
2.7.1. Antioxidant Capacity
DPPH Assay

Samples were subjected to DPPH testing according to the method described by [15].
The test was carried out in a 96-well microplate. The fractions were diluted in ethanol
and tested in a concentration range that varied from 1 to 50 µg/mL in triplicate. In each
well, we added 10 µL of sample, 50 µL of an ethanolic solution of DPPH (50 mM) and
180 µL of ethanol. Quercetin was used as a positive control at concentrations of 1 to
50 µg/mL in ethanol. Absolute ethanol was used as a negative control. The plate was kept
protected from the light and absorbance was measured at 517 nm on the Molecular Devices
SpectraMax M3® plate reader every 10 min for 60 min. The percentage of DPPH inhibition
was calculated based on this equation:

DPPH(%) = (Ac − As/Ac)× 100;

where Ac is the absorbance of the control and as is the absorbance of the sample.
The EC50 value was calculated based on the straight line equation obtained with

the percentage of DPPH reduction in relation to the tested concentrations. The data were
subjected to statistical analysis by ANOVA and compared by the Tukey test with p ≤ 0.05.

Oxygen Radical Absorbance Capacity (ORAC) Assay

The determination of the peroxyl radical scavenging activity was conducted as re-
ported by [16]. The samples (50 µL in ethanol) were incubated with the fluorescein solution
(150 µL) at 37 ◦C. The test was carried out in a 96-well microplate. After 15 min, AAPH
radical (50 µL) was added and fluorescence detection (ex. 485 nm/em. 535 nm) was
measured every minute on the SpectraMax M5 (Molecular Devices, San Jose, CA, USA) at
37 ◦C. Trolox was used as a control standard and a curve of relative fluorescence intensity
was constructed. Final results were calculated based on the difference in the area under the
fluorescein decay curve between the blank and each sample. ORAC values were expressed
as µM Trolox Equivalent (TE)/g.

2.7.2. Cell Viability—MTT

This test was based on a colorimetric method MTT (3-(4,5-dimethylthiazol-2-yl)2,5-
diphenyl tetrazolium bromide) binds to the mitochondria of viable cells and forms for-
mazan crystals, colored blue. The percentage of viable cells was calculated based on the
absorbance obtained at 570 nm [17]. The test was carried out in partnership with the Muscu-
lar Plasticity Laboratory (Structural and Functional Biology Department—IB/UNICAMP).

Skeletal muscle cells from the pelvic muscle of mdx mice (X-linked muscular dystro-
phy) were used to perform primary cell cultures. These cells were cultivated in appropri-
ated medium: DMEM, containing 10% (v/v) horse serum, 10% (v/v) fetal bovine serum,
2 mM L-glutamine and 1% (v/v) penicillin. Cells were pelleted in 96-well microplates
covered with 0.1% (w/v) Matrigel for 24 h. After a period of cell adhesion to the plate (5 to
6 days), the medium was removed from the wells and the treatments of interest were added:
fractions (7, 15, 30 e 60 µg/mL); control: mdx cells without treatment; blank: propylene
glycol, the solvent used to dissolve the samples.

The plates were incubated at 37 ◦C in 5% CO2. The MTT was added 24 h after applying
the treatments. The plates were incubated again at 37 ◦C in 5% CO2 for 3 h. The medium
was removed and an equal amount of solvent composed of 30 mL of isopropanol with
100 µL of hydrochloric acid was added. The absorbance was measured at 570 nm on the
BioTek Synergy Elisa reader. The data were processed by ANOVA and Tukey test (p < 0.05)
using GraphPad Prism 8.0 software.
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2.7.3. In Vitro Antiproliferative Activity

The four fractions were assessed in the following four human tumor cell lines, kindly
provided by the National Cancer Institute (Frederick, MA, USA): MCF-7 (breast), 786-0 (re-
nal), NCI-H460 (lung, non-small cells) and HT-29 (colon), and HaCaT (human keratinocytes,
immortalized non-tumoral cell).

Assays were performed in a 96-well plate using six concentrations produced by 10-fold
dilution (0.15–150 µg/mL). The activity was deduced from the concentration response, and
GI50 parameters (growth inhibitory activity) were calculated. The test results were mea-
sured using the colorimetric sulphorhodamine B method, according to the NCI standard
protocol, and doxorubicin (0.015–15 µg/mL) was used as the positive control [18].

3. Results
3.1. CCC Optimization

The first and most important step for a good separation of compounds using the
CCC technique is the choice of the solvent system (SS). From previous knowledge of the
general chemical composition of the extracts [19] and based on the literature regarding
CCC [4,20], some SS composed of n-Hexane/Ethyl Acetate/Methanol/Water (HEMWat)
were selected to determine the best SS for fractionating the S. terebinthifolia extracts. Initially,
small amounts of the sample were dissolved in test tubes containing two-phase solvent
system; the tubes were shaken and the compounds allowed to partition between the two
phases. Initial TLC plates and LC-MS analyses were performed to determine the best
systems. During initial tests, in addition to the SS, other analytical parameters were altered,
such as flow rate and the chromatographic separation mode: reversed phase or normal
phase and mobile phase with gradient or isocratic (Table 1).

Table 1. Countercurrent chromatography assays to determine the parameters for fractionation of the
ethanolic extracts of Schinus terebinthifolia.

Assay SS HEMWAT
(v/v/v/v)

Chromatography
Separation Mode Equipment Flow Rate

(mL/min)
Fraction

Collector (min) Sample

I 1/1/1/1 NF isocatic DE-Spectrum 2 3

Leaves
(100

mg/mL)

II 6/1/6/1 RF isocratic DE-Spectrum 2 3

III 1/1/1/1 to
19/1/19/1 RF gradient DE-Midi 24 2

IV 19/1/19/1 RF isocratic DE-Midi 40 1

V 6/1/6/1 to
19/1/19/1 RF gradient DE-Midi 20–40 2-1

NF: normal phase; RF: reverse phase; DE-Spectrum and DE-Midi—equipment.

The samples used for these tests were leaf extracts. Initially, a DE-SPECTRUM (Dy-
namic Extractions, Tredegar, UK), coupled to two Agilent HP1200 pumps (Santa Clara,
CA, USA), Agilent HP1200 DAD detector (Santa Clara, CA, USA), and the Gilson FC202
automatic fraction collector (Villiers-le-Bel, France) was used, with a lower flow rate
(2 mL/min). Then tests were scaled up using a preparative system, DE-Midi equipment
(Dynamic Extractions, Slough, UK), coupled to two Knauer K-1800 pumps (Berlin, Ger-
many), the Agilent HP1200 DAD detector (Santa Clara, CA, USA) with a preparative cell,
and a Gilson FC202 automatic fraction collector (Villiers-le-Bel, France).

The first assay, Test I, was performed with the HEMWat (1/1/1/1) solvent system,
normal phase, with the DE-SPECTRUM equipment. The non-polar fractions were not
separated due the polar characteristics of this SS. Then another, less polar, ratio of the same
SS was tested, isocratic HEMWat (6/1/6/1) reverse phase (Test II). The results showed a
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good separation of compounds that eluted in the beginning of the analysis; however, the
non-polar fractions were still not well separated. Therefore, gradients were tested: gradient
elution mode HEMWat (1/1/1/1) to (19/1/19/1) in reverse mode was tested to try to
separate the polar and non-polar fractions but was not successful, because the compounds
that eluted in the beginning of the chromatogram (polar compounds) were not separated
suitably (Test III). The SS of test II showed a better separation of these compounds.

A new test was carried out with the more non-polar SS HEMWat (19/1/19/1) (Test
IV) isocratic mode on the DE-Midi equipment at a higher flow rate (40 mL/min) but the
fractions of the sample were not well separated. Another test (V) was performed with
the step gradient of HEMWat of (6/1/6/1) to (19/1/19/1). This method resulted in the
best separation of the compounds from the leaf extract, which was the most complex
sample. The use of a gradient of a mobile-phase composition in CCC is particularly useful
to apply a mixture of compounds with a wide polarity range as the ethanolic extracts of
S. terebinthifolia. Therefore, this method was applied in to the leaf, flower and fruit extracts.

Separation by CCC resulted in 85 fractions that were grouped according to results
observed on TLC plates. In the case of the leaf extract, similar fractions were grouped,
resulting in 26 final fractions; for the flower extract, 22 final fractions were obtained; and
from the fruit extract, it was 25 fractions. The TLC plates indicated that some fractions
could present a large amount of a compound (Figures S1–S3, Supplementary Data). The
fractions were dried, and the recovery of each extract after separation is shown in Table 2.
The average of the stationary phase retention (Sf) in the column was 82%. Recovery of the
fruit extract showed a lower yield, probably due to the presence of sugars in the extract
that were lost during the drying process of the fractions.

Table 2. Ammount of crude extract and % yield after separation by CCC of the extracts of fruit, leaves
and fruit.

Extract Amount Crude Extract (g) Yield (%)

Leaves 48 94.5
Flowers 10 73.3

Fruit 40 65.5

3.2. Identification of Compounds

The LC-MS analysis confirmed that four fractions contained a high concentration of
one compound (Figures S4–S11, Supplementary Data), and they are described in Table 3.
However, as fraction Fr375 presented only 67% purity, it was not analyzed by NMR; the
compound’s putative identification was based on high-resolution LC-MS analysis. The
other three fractions were selected for NMR analysis in order to elucidate the structure of
the principal compound. The spectra are shown in Supplentary Data (Figures S12–S17).

Table 3. Purity (%) of the four selected fractions od S. terebinhifolia extracts.

Extract Fraction (M-H)− m/z Purity (%)

Leaves Fr371 371 84
Leaves Fr375 375 67
Flowers Fr373 373 82

Fruit Fr453 453 96

The MS and NMR analysis data of the Fr371 fraction were compared with the liter-
ature, and the compound was identified as 6-(8′,11′-heptadecadienyl)-salicylic acid, an
anacardic acid with an alkyl chain containing 17 carbons and two unsaturations with
double bonds [21], as shown in Figure S18—Supplementary Data.
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The MS and NMR analysis data of the Fr373 fraction were also compared with the
literature and indicate that this compound is 6-(8′-heptadecenyl)-salicylic acid, another
anacardic acid with a hydrocarbon chain containing 17 carbons and one unsaturation
with a double bond (Figure S19—Supplementary Data). The data of NMR are in the
Supplementary Materials. This compound is reported for the first time in S. terebinthifolia,
having been found in another species of the Anacardiaceae family [22].

The main compound (m/z 453) of the Fr453 fraction was identified as (Z)-masticadien-
onic acid, according to MS and NMR analysis and the literature. Its structure is shown in
Figure S20 in the Supplementary Data.

The NMR spectrum of the major compound of Fr375 (m/z 375.2899) was not enough
to identify the compound. The LC-MS analyses in comparison with the literature suggest
an anacardic acid due the fragments 331, 119 and 106 [19,22].

3.3. Antioxidant Activity

The antioxidant capacity of the pink pepper fractions was evaluated by two methods
with different mechanisms of action. DPPH indicates the sample’s ability to react with free
radicals via hydrogen transfer; it is considered an indirect measurement of antioxidant
capacity. In general, molecules with acid and phenolic sites are good H-donors [23]. A
low DPPH radical inhibition percentage of 5% was observed for Fr371 and Fr373; however,
Fr375 presented a much higher capacity (36%) by this method, which may occur due to
the presence of other compounds in the fraction, enabling a synergism between them. The
percentage of inhibition of the DPPH radical is presented in Table 4.

Table 4. Antioxidant activity of the four selected fractions of S. terebinhifolia extracts via DPPH and
ORAC assays.

Sample %DPPH µmolar EqT/g

Fr371 5.3 13.9 ± 3.6
Fr373 5.4 169.9 ± 45.1
Fr375 36.0 nd
Fr453 nd nd

nd: not determined; EqT: Trolox equivalent.

On the other hand, the ORAC method measures the capacity of a sample protect
fluorescein from degradation (FL) and is considered a direct method. In this method, the
highest result was obtained by Fr373, followed by Fr371. The other two fractions did not
present results (Table 4).

Morais et al., 2017 [24] evaluated the antioxidant activity of three anacardic acid
(monoene-C15:1, diene-C15:2 and triene-C15:3) by DPPH and observed that the presence of
three double bonds greater the antioxidant activity of anacardic acid. The unsaturation
present in anacardic acids could change the biological potential of the molecule. Some
studies of the S. terebinthifolia extract showed a good antioxidant potential correlating this
potential and the presence of phenolic compounds in extracts [10,25].

3.4. Cell Viability—MTT

The MTT assay tests the capacity of the fractions to regenerate the cells (Figure 1).
Fractions Fr371 and Fr375 showed the best results; however, all fractions had good results,
mainly in the lower concentrations tested (7, 15 and 30 µg/mL). These results showed the
potential of these compounds to help delay cell death and increase cell multiplication in
the muscle tissue of the mdx cell line, especially at the lowest concentration tested.
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Figure 1. Graphics of mdx cells viability, showing enriched fractions of S. terebinthifolia at different
concentrations (7, 15, 30 e 60 µg/mL). (A) Fr371, (B) Fr373, (C) Fr375 e (D) Fr453. Different letters
mean statistically different values according to the Tukey test with p < 0.05.

3.5. In Vitro Antiproliferative Activity

Antiproliferative activity was evaluated according to the NCI protocol [18,26]
with results classified based on CSIR criteria as inactive (I, TGI ≥ 50 µg/mL), weak
(W, 15 ≤ TGI < 50 µg/mL), moderate (M, 6.25 ≤ TGI < 15 µg/mL) or potent (P,
TGI < 6.25 µg/mL) [27].

Fraction Fr453 exhibited moderate cytostatic effect against MCF-7 (breast adenocarci-
noma; TGI = 13.5 µg/mL) and NCI-H460 (non-small cell lung carcinoma; TGI = 6.4 µg/mL)
cells, while the all the other evaluated fractions showed weak to inactive antiproliferative
activity (Table 5). Notably, none of the fractions affected the proliferation of immortalized
keratinocytes HaCaT (TGI > 150 µg/mL) under the experimental conditions.

Table 5. Antiproliferative activity of fractions of Schinus terebinthifolia’ extracts.

Sample
MCF-7 786-0 NCI-H460 HT-29 HaCaT

TGI TGI TGI TGI TGI

Doxo >15 >15 >15 >15 0.22 ± 0.08
Fr373 23.3 ± 8.3 (W) 35.3 ± 20.8 (W) 15.1 ± 2.0 (W) 21.5 ± 5.9 (W) >150 (I)
Fr453 13.5 ± 10.1 (M) 17.5 ± 5.3 (W) 6.4 ± 1.6 (M) 150 (I) >150 (I)
Fr375 19.3 ± 12.5 (W) 22.0 ± 11.1 (W) 20.2 ± 5.8 (W) 59.7 ± 18.2 (I) >150 (I)
Fr371 24.8 ± 5.9 (W) 44.7 ± 12.5 (W) 33.6 ± 5.0 (W) 36.6 ± 8.7 (W) > 150 (I)

Results of sample concentration required to completely inhibit cell proliferation (TGI, µg/mL), expressed as
mean ± standard error, calculated by sigmoidal regression (Software Oring 8.0); concentrations tested: extracts
and fractions = 0.15 to 150 µg/mL; Doxo = Doxorubicin (positive control) = 0.015 to 15 µg/mL; human tumor
lines: MCF-7 = breast; 786-0 = renal; NCI-H460 = lung, non-small cell; HT-29 = colon. Human non-tumor cell line:
HaCaT = human keratinocytes, immortalized non-tumoral cells. TGI: Total growth inhibition. Results classified accord-
ing to CSIR’s criteria for extracts and fractions: inactive (I, TGI ≥ 50 µg/mL), weak (W, 15 µg/mL ≤ TGI < 50 µg/mL),
moderate (M, 6.25 µg/mL ≤ TGI < 15 µg/mL) or potent (P, TGI < 6.25 µg/mL) activity [28,29].
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4. Discussion
CCC is an important tool for isolating compounds in complex extracts, being fast and

showing good material recovery. Three fractions were obtained with sufficient purity for
NMR analysis and subsequent identification.

The Fr371 fraction was identified as the anacardic acid: 6-(8′,11′-heptadecadienyl)-
salicylic acid, which was previously isolated from the hexane extract of S. terebinthifolia
leaves and was active against the parasite Trypanosoma cruzi, which causes Chagas disease,
as it altered the permeability of the parasite’s membrane [20].

The Fr373 fraction was identified as the anacardic acid, 6-(8′-heptadecenyl)-salicylic
acid, reported in [30], and showed significant inhibitory effects on α-glucosidase as a
mixed-type inhibitor.

Fraction Fr453 was identified as masticadienoic acid. This compound had already
been identified in leaves and berries of S. terebinthifolia and been shown to be an inhibitor
of phospholipase A2, with anti-inflammatory activity [8]. Furthermore, its antiparasitic
potential was described in the literature [31]. A more recent study confirmed this activity
via activation of regulatory T lymphocytes and production of inhibitory cytokines [32].

A recent study of the antioxidant capacity of pink pepper extracts via DPPH presented
a 42.68 ± 0.05% [9] inhibition, which correlates well with the result for Fr375 (36%). On the
other hand, the ORAC results in the same study (µMTE/g 43.40 ± 6.22) were lower than
for Fr373 (µMTE/g 169.9 ± 45.1) but higher than the other fractions.

The enriched fractions showed the potential to regenerate healthy cells. The best results
were observed with fractions Fr371 and Fr375, which showed cell viability around 400%,
that is, an increase of 300%. The compounds were selectively cytotoxic for some tumoral cell
lines, especially Fr453 against MCF-7 (breast), 786-0 (renal) and NCI-H460 (lung, non-small
cell). Furthermore, they presented very low cytotoxic activity against human non-tumor
cell lines (HaCaT = human keratinocytes, immortalized). These findings suggest that
the evaluated fractions may be selective for tumor tissue, sparing highly proliferative
normal tissues such as skin and bone marrow [33,34]. Anacardic acid was shown to be
a potent inhibitor of tumor angiogenesis, acting on the Src/FAK/Rho GTPase signaling
pathway, leading to significant suppression of prostate tumor growth [35]. Other studies
have reported the potential of S. terebinthifolius and other plants of the Anacardiaceae family
as anticancer agents [28,29].

5. Conclusions
Countercurrent chromatography proved to be an effective technique for isolating com-

pounds from S. terebinthifolia extracts and is indicated for separating compounds of interest
in complex matrices, such as extracts of natural products. The isolated compounds were
two anacardic acids, [6-(8′, 11′-heptadecadienyl)-salicylic acid and 6-(8′-heptadecenyl)-
salicylic acid], as well as (Z)-masticadienoic acid. These compounds, as well as the partially
purified fraction Fr375, showed interesting biological properties, such as antioxidant poten-
tial and the capacity to regenerate cells. Furthermore, the combination of low cytotoxicity in
non-tumoral cells and activity against selected tumoral lines is desirable for the discovery
and development of anti-tumoral molecules. Therefore, more studies with these isolated
compounds are necessary to confirm their biological potential and safety.

Supplementary Materials: The following supporting information can be downloaded at:
https://www.mdpi.com/article/10.3390/separations13040103/s1, Figure S1: CCD plates of samples
resulting from CCC fractionation of leaf extracts of Schinus terebinthifolia, developed with mobile phase
Chloroform/Ethyl Acetate 2:1 (v/v). Visualized in visible light (1) and in UV light, 254 nm (2). A to
Z fractions; Figure S2: CCD plates of samples resulting from CCC fractionation of flower extracts of
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Schinus terebinthifolia, developed with mobile phase Chloroform/Ethyl Acetate 2:1 (v/v). Visualized
in visible light (A1) and in UV light, 254 nm (2). A to Z fractions; Figure S3: CCD plates of samples
resulting from CCC fractionation of fruit extracts of Schinus terebinthifolia, developed with mobile phase
Chloroform/Ethyl Acetate 2:1 (v/v). Visualized in visible light (1) and in UV light, 254 nm (2). A
to Z fractions; Figure S4: Chromatogram ob-tained by LC-MS of fraction Fr371 of leaf extract from
Schinus terebinthifolia; Figure S5: MS spectrum of m/z 371 of fraction Fr371 from Schinus terebinthifolia;
Figure S6: Chromatogram obtained by LC-MS of fraction Fr373 of leaf extract from Schinus terebinthifolia;
Figure S7: MS spectrum of m/z 373 of fraction Fr373 from Schinus terebinthifolia; Figure S8: Chro-
matogram obtained by LC-MS of fraction Fr375 of leaf extract from Schinus terebinthifolia; Figure S9: MS
spectrum of m/z 375 of fraction Fr375 from Schinus terebinthifolia; Figure S10: Chromatogram obtained
by LC-MS of fraction Fr453 of leaf extract from Schinus terebinthifolia; Figure S11: MS spectrum of m/z
453 of fraction Fr453 from Schinus terebinthifolia; Figure S12. 6-(8′, 11′-heptadecadienyl)-salicylic acid 1H
NMR spectra (500 MHz, CDCl3); Figure S13: 6-(8′, 11′-heptadecadienyl)-salicylic acid 13C NMR spectra
(500 MHz, CDCl3). (A) Total Spectra and (B) Zoom; Figure S14: 6-(8′-heptadecenyl)-salicylic acid
1H NMR spectra (500 MHz, CDCl3); Figure S15: 6-(8′-heptadecenyl)-salicylic acid 1H NMR spectra
(500 MHz, CDCl3). (A) Total Spectrum and (B) Zoom; Figure S16: (Z)-masticadienoic 1H NMR spectra
(500 MHz, CDCl3); Figure S17: (Z)-masticadienoic 13C NMR spectra (500 MHz, CDCl3). (A) Total
Spectrum and (B) Zoom; Figure S18: Chemical structure of 6-(8′, 11′-heptadecadienyl)-salicylic acid;
Figure S19: Chemical structure of 6-(8′-heptadecenyl)-salicylic acid; Figure S20: Chemical structure of
(Z)-masticadienoic acid.
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