
molecules

Article

Chemical Composition, Antioxidant and Anticancer Activities
of Leptocarpha rivularis DC Flower Extracts

Iván Montenegro 1,*,† , Jorge Moreira 1,†, Ingrid Ramírez 2, Fernando Dorta 2, Elizabeth Sánchez 2,
Juan Felipe Alfaro 2 , Manuel Valenzuela 3 , Carlos Jara-Gutiérrez 4, Ociel Muñoz 5, Matias Alvear 6,
Enrique Werner 7, Alejandro Madrid 8,* , Joan Villena 9,* and Michael Seeger 2,10,*

����������
�������

Citation: Montenegro, I.; Moreira, J.;

Ramírez, I.; Dorta, F.; Sánchez, E.;

Alfaro, J.F.; Valenzuela, M.;

Jara-Gutiérrez, C.; Muñoz, O.;

Alvear, M.; et al. Chemical

Composition, Antioxidant and

Anticancer Activities of Leptocarpha

rivularis DC Flower Extracts.

Molecules 2021, 26, 67. https://

dx.doi.org/10.3390/molecules

26010067

Received: 1 November 2020

Accepted: 23 December 2020

Published: 25 December 2020

Publisher’s Note: MDPI stays neu-

tral with regard to jurisdictional claims

in published maps and institutional

affiliations.

Copyright: © 2020 by the authors. Li-

censee MDPI, Basel, Switzerland. This

article is an open access article distributed

under the terms and conditions of the

Creative Commons Attribution (CC BY)

license (https://creativecommons.org/

licenses/by/4.0/).

1 Escuela de Obstetricia y Puericultura, Facultad de Medicina, Universidad de Valparaíso, Angamos 655,
Reñaca, Viña del Mar 2520000, Chile; jorge.moreira@postgrado.uv.cl

2 Centro de Biotecnología “Dr. Daniel Alkalay Lowitt”, Universidad Técnica Federico Santa María, Avda.
España 1680, Valparaíso 2390123, Chile; ingrid.ramirez@usm.cl (I.R.); fernando.dorta@usm.cl (F.D.);
elizabeth.sanchez@usm.cl (E.S.); felipealfaro88@gmail.com (J.F.A.)

3 Laboratorio de Microbiología Celular, Instituto de Investigación e Innovación en Salud, Facultad de Ciencias
de la Salud, Universidad Central de Chile, Santiago 8320000, Chile; manuel.valenzuela@ucentral.cl

4 Centro de Investigaciones Biomédicas (CIB), Laboratorio de Estrés Oxidativo, Escuela de Kinesiología,
Facultad de Medicina, Universidad de Valparaíso, Viña del Mar 2520000, Chile; carlos.jara@uv.cl

5 Institute of Food Science and Technology, University Austral of Chile, Valdivia 5090000, Chile;
ocielmunoz@uach.cl

6 Laboratory of Industrial Chemistry, Process Chemistry Centre, Åbo Akademi University, Biskopsgatan 8,
FIN-20500 Turku/Åbo, Finland; matias.alvear@abo.fi

7 Departamento de Ciencias Básicas, Campus Fernando May, Universidad del Bío-Bío, Avda. Andrés Bello 720,
Casilla 447, Chillán 3780000, Chile; ewerner@ubiobio.cl

8 Laboratorio de Productos Naturales y Síntesis Orgánica (LPNSO), Departamento de Química,
Facultad de Ciencias Naturales y Exactas, Universidad de Playa Ancha, Avda. Leopoldo Carvallo 270,
Playa Ancha, Valparaíso 2340000, Chile

9 Centro de Investigaciones Biomédicas (CIB), Facultad de Medicina, Campus de la Salud,
Universidad de Valparaíso, Angamos 655, Reñaca, Viña del Mar 2520000, Chile

10 Laboratorio de Microbiología Molecular y Biotecnología Ambiental, Departamento de Química,
Universidad Técnica Federico Santa María, Avda. España 1680, Valparaíso 2390123, Chile

* Correspondence: ivan.montenegro@uv.cl (I.M.); alejandro.madrid@upla.cl (A.M.); juan.villena@uv.cl (J.V.);
michael.seeger@usm.cl (M.S.); Tel.: +56-322603046 (I.M.)

† These authors contributed equally to this work.

Abstract: An evaluation of antioxidant and anticancer activity was screened in Leptocarpha rivularis
DC flower extracts using four solvents (n-hexane (Hex), dichloromethane (DCM), ethyl acetate
(AcOEt), and ethanol (EtOH)). Extracts were compared for total extract flavonoids and phenol
contents, antioxidant activity (2,2-diphenyl-1-picryl-hydrazyl-hydrate (DPPH), ferric reducing antiox-
idant potential (FRAP), total reactive antioxidant properties (TRAP) and oxygen radical absorbance
capacity (ORAC)) across a determined value of reduced/oxidized glutathione (GSH/GSSG), and cell
viability (the sulforhodamine B (SRB) assay). The most active extracts were analyzed by chromato-
graphic analysis (GC/MS) and tested for apoptotic pathways. Extracts from Hex, DCM and AcOEt
reduced cell viability, caused changes in cell morphology, affected mitochondrial membrane perme-
ability, and induced caspase activation in tumor cell lines HT-29, PC-3, and MCF-7. These effects
were generally less pronounced in the HEK-293 cell line (nontumor cells), indicating clear selectivity
towards tumor cell lines. We attribute likely extract activity to the presence of sesquiterpene lactones,
in combination with other components like steroids and flavonoids.

Keywords: palo negro; antioxidant; cancer cell line

1. Introduction

Leptocarpha rivularis DC (family, Compositae; tribe, Heliantheae; presently classified as
Asteraceae), locally known as “palo negro”—or, in Mapudungun, Cüdu-mamëll, originally
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named by the Mapuche people of Chile—is a perennial shrub native to southern Chile
which grows in humid and sunny soils up to two meters in height, with toothed-edged
leaves up to 10 cm. Although it is a typical species of the “Valdivian forest”, distributed
from the Region of Maule to the Region of Los Lagos, it also grows in the coastal and
Andean mountain ranges [1].

This plant has hermaphroditic flowers up to 2 cm in diameter, composed of axillary
heads and yellow terminals. The head is surrounded by two rows of herbaceous bracts that
protect the flower in the button state [2]. Hoffman describes L. rivularis flowers (Figure 1a–c)
as ligulate on the border, and tubular in the center [3]. In ligulate, or peripheral, flowers,
the ovary is atrophied and the remaining parts of the flower are completely missing. In the
central, or discoidal, flowers, there are two distinct groups: male flowers and female flowers.
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Figure 1. Flowers of L. rivularis plants grown in Araucania Region, South Chile (a–c).

Parts of this shrub have been widely used since pre-Hispanic times in traditional
Mapuche medicine for gastrointestinal and stomach ailments and is now widely sold in local
markets and in pharmacies for cancer prevention. The secondary metabolite characteristic
of this family includes acetylenics, sesquiterpenes, and sesquiterpene lactones. L. rivularis
also contains essentials oils, flavonoids, and triterpenes [4]. Despite the great interest in
Leptocarpha rivularis DC due to the wide variety of secondary metabolites with biological
activity that it produces—as in all plant extracts containing antineoplastic activity profusely
studied in recent decades—descriptions of flower extracts, composition, antioxidant capacity,
or cytotoxic effect against cancer cell lines are still incomplete. This paper, then, reports on
the antioxidant capacity and cytotoxic effects of Leptocarpha rivularis DC flower extracts.

Although the properties of its flowers have yet to be exhaustively catalogued, previous
partial phytochemical studies of this plant have shown the presence of sesquiterpenes. Of
these, notable is the main active heliangolide (sesquiterpene lactone) compound “Lepto-
carpin”, an inhibitor of NF-kappa B (and therefore, cytotoxic to cancer cells) [5]. Mostly
quantified in its leaves and reported as responsible for some of the plant’s antioxidant
properties, essential oils of “palo negro” have also been shown to be a source of lipophilic
compounds, namely terpene alpha-thujone, the sesquiterpenes beta-caryophyllene and
caryophyllene oxide. UACH (Universidad Austral de Chile) researchers have also reported
that the active ingredient present in L. rivularis, Leptocarpin, modulates the activity of
MDR (multidrug resistance) proteins by functional interaction with MRP1 (multidrug
resistance protein), resulting in an increase in the accumulation of rhodamine 123 (R123)
in oligodendroglioma cells and an increase in sensitivity to cytotoxins [6]. Furthermore,
hypoglycemic assays with an aqueous extract of L. rivularis showed a strong decrease in
blood glucose levels in Sprague-Dawley rats [7]. Moreover, studies of combined L. rivularis
flower and leaves determined a significant increase in the enzymatic level of the glutathione
system [7], and sequential extracts obtained from L. rivularis flowers have been shown
to have significant antioxidant capacity, with semipolars presenting the best antioxidant
results in vitro. [8].
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2. Results
2.1. Extract Yields

The sequential soxhlet extraction method was adapted to obtain different flower extracts
using the following solvents: hexane (Hex), dichloromethane (DCM), ethyl acetate (AcOEt)
and ethanol (EtOH). The highest yields were achieved with ethanol 15.52% (w/w), followed
by hexane 6.50% (w/w), dichloromethane 5.80% (w/w), and ethyl acetate 4.60% (w/w).

2.2. Phytochemical Content

After flower extracts were obtained, the phytochemical content (i.e., total phenolic con-
tents, flavonoids, anthraquinone) was measured using colorimetric assays as summarized
in Table 1. Total anthraquinone and flavonoids showed significant differences in EtOH
extracts (p < 0.05) over other extracts. Total phenols (TPC) of flower extracts are expressed
in terms of GAE mg L−1 and presented in Table 1. The total phenolic content in both the
Hex and EtOH extracts showed significant differences between them and with the other
extracts evaluated (p < 0.05). TPCs were calculated using the following linear regression
equation obtained from the standard plot of gallic acid: y = 0.001x + 0.021, r2 = 0.998.

Table 1. Phytochemical contents of different flower extracts of L. rivularis.

Extract Total Phenols
(GAE mg·L−1) S.D. Total Flavonoids

(QE mg·L−1) S.D. Total Anthraquinones
(EE mg·L−1) S.D.

Hex 27.8423 a 1.7642 70.9333 a 1.8986 37.8368 a 0.8442
DCM 41.8810 b 1.4569 26.4295 b 0.4815 10.4092 b 0.2330
AcOEt 47.8899 b 0.0449 33.8589 b 1.0233 12.9897 b 0.3568
EtOH 82.6696 c 5.8292 103.6202 c 3.9844 75.2023 c 1.7563

Hex: hexane; DCM: dichloromethane; AcOEt: ethyl acetate; EtOH: ethanol; GAE: gallic acid equivalent; QE: quercetin equivalents; EE:
emodin equivalents; SD: standard deviation. Different letters in the same column indicate significant differences; p < 0.05, n = 3.

2.2.1. Total Antioxidant Activity

Antioxidant activity of L. rivularis flower extracts was evaluated in a series of in vitro
DPPH, FRAP, TRAP, and ORAC assays (see Table 2). The DPPH assay showed that the Hex
extract had poor activity (p < 0.05) compared to the positive control (Trolox (T). DCM was
the most active extract compared to AcOEt and EtOH, but less active than T (p < 0.05). The
FRAP assay showed that DCM, AcOEt and EtOH extracts had better antioxidant activity
than positive controls (p < 0.05). Under TRAP, the Hex extract was the least active compared
with positive controls (Gallic acid (GA) and Butylhydroxytoluene (BHT), p < 0.05).

Table 2. Antioxidant activity of flower extracts of L. rivularis.

Extract DPPH
(IC50 mg·mL−1) S.D. FRAP

(TEAC mM) S.D. TRAP
(TEAC mM) S.D. ORAC

(TEAC µM) S.D.

Hex 4.1863 a 0.1834 0.3141 a 0.0131 0.0074 a 0.0022 442.57 a 12.21
DCM 1.8953 b 0.0437 0.2656 a 0.0145 0.0961 b 0.0047 932.40 b 38.55
AcOEt 2.4088 c 0.0758 0.3063 a 0.0081 0.1288 b 0.0057 1878.17 c 37.35
EtOH 2.8300 c 0.0626 0.3687 b 0.0277 0.0729 b 0.0204 744.20 d 26.61

T 0.1060 d 0.0050 n.a. n.a. n.a. n.a. n.a n.a
GA n.a. n.a. 1.7200 c 0.0200 1.1300 c 0.0100 696.22 e 63.84

BHT 0.0600 d 0.0010 1.5200 d 0.0700 1.0600 c 0.0200 593.87 f 41.27

Hex: hexane; DCM: dichloromethane; AcOEt: ethyl acetate; EtOH: ethanol; T: Trolox; GA: gallic acid; BHT: Butylhydroxytoluene; (2,2-
diphenyl-1-picryl-hydrazyl-hydrate (DPPH), ferric reducing antioxidant potential (FRAP), total reactive antioxidant properties (TRAP) and
oxygen radical absorbance capacity (ORAC)); IC50: represents the concentrations of extracts that caused the neutralization of 50% of the
radical; TEAC: Trolox equivalent antioxidant capacity; SD: standard deviation. Different letters in the same column indicate significant
differences; p < 0.05, n = 3; n.a.: not applicable.

The ORAC rate—which is widely used to evaluate concoction antioxidants, and
measures the protection supplied by an antioxidant to an objective molecule oxidized by



Molecules 2021, 26, 67 4 of 20

peroxyl radicals—showed significant differences between AcOEt (Table 2) and n-Hexane
and ethanol extracts, the latter two of which presented lower activity. AcOEt, in contrast,
presented major ORAC results. This, however, had little correlation with the phenolic
compound contents (r2 < 0.5).

2.2.2. Reduced Glutathione Assay

The ratio of reduced GSH to oxidized GSH (GSSG) is an indicator of cellular health,
with reduced GSH constituting up to 98% of cellular GSH under normal conditions. Table 3
shows the results from the reduced glutathione assay using pooled flower extracts of
L. rivularis under the different solvents analyzed. Ethanol extracts had significantly higher
GSH content compared with the other solvents, however, the content of GSSG was also
significantly higher (4 times over AcOEt, and 10 times over n-hexane and DCM). Thus the
DCM extract had the best GSH/GSSG ratio content—higher than other extracts, though
significantly—and the lowest GSH to GSSG conversion rate.

Table 3. Glutathione pool of L. rivularis DC flower extracts.

Extract GSH GSSG GSH/GSSG

µmol/gDW

Hex 1.179 ± 0.909 d 16.432 ± 3.756 c 0.062 ± 0.042 b
DCM 28.185 ± 3.385 b 22.110 ± 5.684 b 1.376 ± 0.204 a
AcOEt 11.461 ± 1.924 c 50.427 ± 5.686 b 0.224 ± 0.013 b
EtOH 86.456 ± 1.755 a 267.863 ± 9.157 a 0.323 ± 0.009 b

GSH: reduced glutathione; GSSG: oxidized glutathione; GSH/GSSG: ratio GSH/GSSG; gDW: grams
dry weight of extract; DCM: dichloromethane; AcOEt: ethyl acetate; EtOH: ethanol. Different letters
indicate significant differences (p < 0.05; Tukey test) ANOVA. Each value represents mean± SE (n = 3).

2.2.3. GC-MS Analysis

The most active and selective L. rivularis flower extracts against breast and prostate
cancer cell lines (n-Hexane, DCM, AcOEt) were analyzed by chromatographic analysis
(GC/MS). The results of this analysis are shown in Tables 4–6. The n-Hexane extract con-
tained high amounts of fatty acids and derivatives, including diterpene 4,8,13-Duvatriene-
1,3-diol, ß-Amyrin acetate, and triterpene esters lupeol acetate (41.44% of the total extract
composition, see Table 4). The DCM extract had diterpene thunbergol, and long chain
alkanes tetratriacontane and 1-Heptatriacotanol, and the triterpenoids ß-Amyrin acetate,
lupeol acetate, and (43.47% of the total composition, see Table 5). The AcOEt extract had ter-
pene compounds, including Leptocarpin, 4,8,13-duvatriene-1,3-diol, the sterol stigmasterol,
fenretinide (amino phenol diterpene derivative), and linear alcohol 1-Heptatriacotanol
(55.93% of the total extract composition, see Table 6.

Table 4. Composition of n-Hexane extract of L. rivularis flowers.

N◦ Peak RT (min) Main Components RI a RIref b %Area c Match Identification

1 8.94 Caryophyllene oxide 1534 1534 0.37 940 RI, MS
2 10.01 Elemol 1539 1537 0.11 900 RI, MS
3 10.41 Isoaromadendrene epoxide 1580 1579 0.04 890 RI, MS
4 11.86 7-Hydroxyfarnesen 1582 1584 2.81 870 RI, MS
5 12.15 Paradisol 1624 1627 1.33 940 RI, MS
6 12.31 trans-Z-a-Bisabolene epoxide 1823 1820 0.31 850 RI, MS
7 13.64 Dehydrocostus lactone 1865 1866 0.06 870 RI, MS
8 16.86 2-methyl-1-hexadecanol 1888 1890 0.29 880 RI, MS
9 17.51 Scopoletin 1924 1924 0.90 870 RI, MS, Co
10 18.32 Tetradecanoic acid 1940 1940 0.04 920 RI, MS
11 22.07 Eicosane 2000 2000 0.63 900 RI, MS
12 22.24 α-Linolenic acid 2100 2102 0.27 920 RI, MS
13 22.81 Grosheimin 2143 2143 1.58 850 RI, MS, Co
14 23.28 (Z)-18-Octadec-9-enolide 2155 2158 0.52 950 RI, MS



Molecules 2021, 26, 67 5 of 20

Table 4. Cont.

N◦ Peak RT (min) Main Components RI a RIref b %Area c Match Identification

15 25.67 Glyceryl linolenate 2157 2161 0.05 880 RI, MS
16 26.46 Reynosin 2266 2266 1.35 900 RI, MS, Co
17 31.66 4,8,13-Duvatriene-1,3-diol 2397 2400 25.70 860 RI, MS
18 34.62 3-Ethyl-5-(2-ethylbutyl)octadecane 2410 2413 3.89 930 RI, MS
19 34.81 Tetraneurin D 2490 2494 0.69 970 RI, MS
20 35.62 2-Methylenecholestan-3-ol 2650 2652 0.41 970 RI, MS
21 35.86 α-Tocopherol 3149 3149 0.35 950 RI, MS, Co
22 37.69 Stigmasterol 3170 3170 0.70 940 RI, MS, Co
23 40.50 γ-Sitosterol 3290 3290 0.33 930 RI, MS, Co
24 42.69 ß-Amyrin 3330 3337 0.35 850 RI, MS
25 43.79 ß -Amyrin acetate 3333 3339 4.78 910 RI, MS
26 44.57 Lupeyl acetate 3380 3380 10.96 850 RI, MS, Co
27 46.06 Betulinaldehyde 3630 3629 0.13 820 RI, MS
28 46.62 1-Heptatriacotanol 3941 3942 0.46 900 RI, MS

Total identified 59.41
Unknown 40.59

a RI: retention indices relative to C8-C36 n-alkanes on the HP-5 MS capillary column; b RI: retention index from the literature [9]; c surface area of
GC peak; MS: comparison of the mass spectra with those of the NIST 14; Co: co-elution with standard compounds available in our laboratory.

Table 5. Composition of DCM extract of L. rivularis flowers.

N◦ Peak RT (min) Main Components RI a RIref b %Area c Match Identification

1 8.92 pyrulic acid methyl ester 1210 1217 2.50 880 RI, MS
2 9.98 10-epi-Elemol 1549 1550 0.53 900 RI, MS
3 10.39 Cariophyllene oxide 1600 1606 0.24 910 RI, MS
4 12.13 Intermedeol 1660 1675 2.94 810 RI, MS
5 12.66 Tetradecanoic acid 1765 1770 0.07 890 RI, MS
6 13.63 Tetradecanoic acid, ethyl ester 1783 1790 0.55 930 RI MS
7 14.09 Deoxyserecialactone 1825 NF 0.30 900 RI, MS
8 14.25 Neophytadiene 1835 1836 0.15 870 RI, MS
9 15.91 6,10,14-Trimethyl-2-pentadecanone 1852 1855 0.20 900 RI, MS
10 16.03 Dehydrocostus lactone 1860 1866 2.76 890 RI, MS, Co
11 22.01 9-trans-Methyl Trisporate C 2109 2100 0.51 890 RI, MS, Co
12 22.51 Glyceryl linolenate 2174 2160 0.06 860 RI, MS

13 23.25 5α,6α-Epoxy-3β,17-dihydroxy-16α-
methylpregnan-20-one 2189 2189 0.71 850 RI, MS

14 25.66 (Z)-18-Octadec-9-enolide 2190 2208 2.57 980 RI, MS
15 26.48 Reynosin 2260 2266 1.05 860 RI, MS, Co
16 29.10 9-Tricosene, (Z) 2270 2299 0.80 870 RI, MS
17 29.90 Tricosane 2330 2300 3.85 970 RI, MS
18 31.68 2-[(Z)-9-Octadecenyloxy]etanol 2330 2336 0.36 870 RI, MS
19 32.67 3-Ethyl-5-(2’-ethylbutyl)octadecane 2410 2413 0.34 940 RI, MS
20 33.95 Thunbergol 2500 2498 8.82 940 RI, MS
21 23.18 2-Methylenecholestan-3-ol 2650 2652 1.15 920 RI, MS
22 36.05 Triacontane 3000 3000 4.36 870 RI, MS
23 36.34 ß-Amyrin 3315 3337 0.43 940 RI, MS
24 36.96 α-Amyrin 3360 3376 0.98 940 RI, MS
25 37.59 Tetratriacontane 3400 3400 6.39 860 RI, MS, Co
27 44.48 ß -amyrin acetate 3430 3437 6.43 910 RI, MS
28 44.59 Lupeol 3494 3486 0.25 930 RI, MS, Co
29 45.53 lupeyl acetate 3530 3525 14.96 900 RI, MS
30 45.67 Betulinaldehyde 3743 3760. 0.70 900 RI, MS
31 46.62 1-Heptatriacotanol 3940 3942 6.71 880 RI, MS, Co
32 50.52 Oleic acid 3-(octadecyloxy)propyl ester 4100 4149 0.76 850 RI, MS, Co

Total identified 72.43
Unknown 27.57

a RI: retention indices relative to C8-C36 n-alkanes on the HP-5 MS capillary column; b RI: retention index from the literature [9]; c surface area of
GC peak; MS: comparison of the mass spectra with those of the NIST 14; Co: co-elution with standard compounds available in our laboratory.
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Table 6. Composition of AcOEt extract of L. rivularis flowers.

No. RT (min) Main Components RI a RIref b % Area c Match Identification

1 9.575 Thujone 1095 1089 6.46 927 RI, MS, Co
2 12.750 Isopentenyl acetate 1196 1200 2.87 950 RI, MS
3 13.215 trans-Sabinyl acetate 1265 1264 4.01 934 RI, MS
4 18.110 Intermedeol 1660 1667 3.44 949 RI, MS
5 18.234 6-epi-Shyobunol 1883 1881 3.59 953 RI, MS
6 18.450 Eicosane 2000 2000 2.87 989 RI, MS
7 18.610 Geranyllinalool 2040 2046 2.08 910 RI, MS
8 19.85 Leptocarpin 2050 2050 3.46 967 RI, Co
9 20.120 4,8,13-duvatriene-1,3-diol 2395 2400 6.20 960 RI, MS

10 21.250 Linalool 2486 2491 2.26 899 RI, MS, Co
11 21.590 2-Methylenecholestan-3-ol 2651 2652 2.32 956 RI, MS
12 42.06 Stigmasterol 3140 3142 24.02 940 RI, MS, Co
13 42.70 Fenretinide 3290 3289 13.76 930 RI, MS, Co
14 43.86 1-Heptatriacotanol 3938 3942 8.49 900 RI, MS

Total identified 85.83
Unknown 14.17

a RI: retention indices relative to C8-C36 n-alkanes on the HP-5 MS capillary column; b RI: retention index from the literature [9]; c surface
area of GC peak; MS: comparison of the mass spectra with those of the NIST 14; Co: co-elution with standard compounds available in
our laboratory.

2.3. Cytotoxic Activity

The Hex, DCM and AcOEt flower extracts were determined to be rich in sesquiter-
penes, sesquiterpene lactones and other natural products (caryophyllene oxide, dehy-
drocostus lactone, etc., Tables 4–6). Cytotoxicity of these flower extracts was evaluated
in vitro against different cancer cell lines: HT-29 (colon cancer); PC-3 (prostate cancer);
MCF-7 (breast cancer); and HEK-293 (a nontumor human embryonic kidney cell line). A
sulforhodamine B colorimetric assay was set up to obtain the IC50 values of the tested
extracts, using eight concentrations (from 0.625 to 62.5 µg/mL; save ethanol extract, at
concentrations from 0.625 to 250 µg/mL) for each extract, in triplicate. Results are shown in
Table 7. Interestingly, according to our data, at nontoxic concentrations against nontumor
cells, all the extracts studied reduced the cellular viability of cancer cells. Cancer cell line
IC50 values are in the range of 3.0—8.8 µg/mL, with the exception of ethanol extract, above
91 µg/mL. The lowest IC50 value (highest cytotoxicity) was against HT-29. Flower extracts
were much less cytotoxic against HEK-293 (nontumor), with IC50 values above 82.9 µg/mL.

Table 7. IC50 values (µg/mL) of L. rivularis flower extracts against different cancer cell lines (PC-3,
HT-29 and MCF-7) and HEK-293 (human embryonic kidney cell line).

Extracts PC-3 HT-29 MCF-7 HEK-293

Hex 4.49 ± 0.54 * 3.94 ± 0.52 * 4.71 ± 0.60 * 82.94 ± 9.59
DCM 8.46 ± 4.53 * 3.04 ± 0.79 * 4.61 ± 1.47 * >100
AcOEt 8.80 ± 3.04 * 3.69 ± 0.38 * 4.46 ± 0.98 * >100
EtOH 90.95 ± 31.5 179.5 ± 18.3 214.2 ± 54.7 >100

Leptocarpin 1.80 ± 0.31 1.43 ± 0.25 1.28 ± 0.21 6.28 ± 0.53

Data are reported as mean values ± SD of three different experiments with samples in triplicate.
* p < 0.05; significantly different from the ethanolic extract-treated cells.

2.4. Selective Index (SI)

Table 8 shows selectivity results for flower extracts, which (with the exception of
ethanol extract) were shown to act selectively against cancer cells. Interestingly, the in-
hibitory effect of flower extracts on cancer cell viability is at the same order of magnitude
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as leptocarpin—the sesquiterpene lactone isolated from L. rivularis—but with a selectivity
one order of magnitude higher [5].

Table 8. Selectivity Index (SI) values of flower extracts of Leptocarpha rivularis DC for different cancer
cell lines (PC-3, HT-29 and MCF-7).

Extracts PC-3 HT-29 MCF-7

Hex 21.05 18.47 17.60
DCM >32.89 >11.82 >21.61
AcOEt >27.10 >11.36 >22.42
EtOH >0.55 >1.01 >0.47

Leptocarpin 3.48 4.39 4.90

Given their inhibitory effects against cancer cell viability and high selectivity index,
hexane, dichloromethane, and ethyl acetate extracts were analyzed in greater detail on
the cell lines tested. To elucidate the mechanism by which flower extracts reduced cell
viability in the cell lines tested (HT-29, MCF-7 and PC-3 cells), cell morphology changes
were observed under contrast phase microscope (200×). Figure 2 shows representative
photographs of HT-29 colon cancer cells.
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Figure 2. Effect of extracts on cellular morphology in HT-29 cells. Representative photographs
presented here show cellular morphologic changes observed by contrast phase microscopy of cells
under: EtOH (solvent control); Hex, hexane extract; DCM, dichloromethane extract; AcOEt, ethyl
acetate extract.

Exposure to Hex, DCM and AcOEt extracts (37.5 µg/mL for 48 h) significantly affected
cellular morphology and total number of cells versus ethanol-treated cells (control), with
a rounded morphology suggestive of a loss of cellular adhesion and a cell death process.
These results agree with previous studies (Table 7) showing that cytotoxicity increased
against studied cancer cell lines after flower extract treatments.

Mitochondrial membrane permeability has been suggested as playing an important
role in activating cellular apoptosis [10]. To check the effect of Hex, DCM and AcOEt
extracts on mitochondrial membrane permeability, rhodamine 123 staining was carried



Molecules 2021, 26, 67 8 of 20

out in treated HT-29, MCF-7, and PC-3 cancer cells and nontumor HEK-293 (6.25 and
37.5 µg/mL). The percentages of rhodamine 123-stained cells are summarized in Table 9.

Table 9. Percentage of rhodamine 123-stained cells after treatment with different extracts on HT-29,
MCF-7, PC-3 and HEK-293 cell lines.

Extracts Concentration
(µg/mL) HT-29 MCF-7 PC-3 HEK-293

Hex
6.25 81.3 ± 7.3 74.6 ± 8.2 82.3 ± 6.9 78.3 ± 5.8
37.5 35.7 ± 5.4 * 44.9 ± 6.1 * 57.5 ± 6.7 * 73.5 ± 7.2

DCM
6.25 36.3 ± 5.9 * 44.6 ± 5.1 * 53.2 ± 5.4 * 67.2 ± 10.4 *
37.5 9.3 ± 1.6 * 11.9 ± 5.0 * 17.4 ± 6.2 * 61.4 ± 8.2 *

AcOEt
6.25 81.7 ± 8.7 76.3 ± 9.1 69.9 ± 6.3 * 77.9 ± 8.3
37.5 13.3 ± 1.4 * 23.5 ± 5.0 * 26.2 ± 4.3 * 69.2 ± 6.4 *

Leptocarpin 9.0 (25 µM) 53.3 ± 5.6 * 21.5 ± 4.2 * 46.5 ± 7.9 * 76.9 ± 8.7
Control (ethanol) - 92.0 ± 10.2 81.4 ± 8.3 84.5 ± 7.5 80.8 ± 8.7

Values are mean± S.D. (n = 3); * p < 0.05; significantly different from the control-(ethanol) treated cells.

As shown in Figure 3, all extracts decreased the mitochondrial membrane permeabil-
ity, with the largest decrease in HT-29 cells treated with DCM extract. Furthermore, the
mitochondrial function affected by Hex, DCM and AcOEt flower extracts is shown to be
dependent on concentration. These results are in line with cell viability assays (Table 7)
and contrast phase microscopy (Figure 2), and are supported by previous studies demon-
strating leptocarpin-induced apoptosis in cancer cell lines through permeabilization of the
mitochondrial membrane [5].
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Figure 3. Histogram showing mitochondrial membrane permeability after treatment with different concentrations of the
flower extracts in HT-29 cells. Extract-treated (6.25 and 37.5 µg/mL) HT-29 cells were stained with rhodamine 123 and
subjected to flow cytometry analysis. Hex, hexane; DCM, dichloromethane and AcOEt, ethly acetate; EtOH, ethanol solvent
control cells.

Finally, we propose that changes in mitochondrial membrane permeability produced
by the extracts alter the mitochondrial functionality, dissipating the proton gradient or
altering electronic transport and inducing apoptosis by activation of caspases.

Next, caspase activation was measured to assess its inhibitory effect on cells. Figure 4
shows caspase activation was higher in cells exposed to Hex, DCM and AcOEt flower ex-
tracts than in control, further showing cell death by apoptosis. Indeed, the increased caspase
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activity in all three extracts is an indication that flower extracts function by leptocarpin-
induced caspase activation.
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Figure 4. Effect of extracts on caspase activation of different cell lines. Activation of caspases in
MCF-7 (black bars), PC-3 (white bars) and HT-29 (dashed bars) cells treated with Hex, DCM and
AcOEt flower extracts (37.5 µg/mL). Data are reported as the ratio of activities of treated cells and
ethanol-treated cells (control), which were arbitrarily assigned a unitary value. Leptocarpin (Lepto)
is used as control positive. Data are reported as mean values ± SD of three different experiments
with samples in triplicate, * p < 0.05; significantly different from the ethanol-treated cells.

On the whole, all the three extracts showed an increase in caspase activity indicating
the activation of the apoptotic pathway. These data show the Hex, DCM and AcOEt flower
extracts, as leptocarpin, induced caspase activation.

Finally, we think that the changes in mitochondrial membrane permeability produced
by the extracts alter the mitochondrial functionality, dissipating the proton gradient or
altering electronic transport and inducing apoptosis by activation of caspases.

3. Discussion

The phenolics, anthraquinones and flavonoids present in L. rivularis flowers were
evaluated. Phenolic compounds are important due to their multifunctional pharmaco-
logical properties. These classes act broadly as natural antioxidants due to their oxygen-
quenching, redox, and metal-chelating abilities. Thus plant extracts rich in phenolic
compounds are often associated with an abundant range of therapeutic and physiological
benefits [11]. Anthraquinones are an important class of natural products found in various
plant species, displaying remarkable bioactive properties, including anticancer, antitumor,
anti-inflammatory, antiarthritic, antifungal, antibacterial, and antimalarial activities, among
others [12]. Additionally, various kinds of flavonoids can promote apoptosis in cancer
cells [13–15]; quercetin, a flavonol, has been reported as an anticancer substance against
prostate and breast cancers [16,17]. Another study, with flavonoids Gliricidin7-O-hexoside
and Quercetin 7-O-rutinoside from the bird’s-nest fern (Asplenium nidus), reports their
chemopreventive potential against human hepatoma HepG2 and human carcinoma HeLa
cells [17].

DPPH, FRAP, TRAP and ORAC assays indicated L. rivularis flower extracts as poten-
tially rich sources of natural antioxidants. Although ethanolic extract was a good source of
phyto-constituents, with a high total content of phenols, flavonoids and anthraquinones
compared with the other extracts tested, experimental results did not confirm the expected
antioxidant activity. It is possible that the different polarity of the extracts may contain
different antioxidant components of variable reactivity as determined by the four in vitro
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models used in this work. Indeed, the DCM extract showed the most powerful DPPH
radical capture activity, suggesting that compounds with the highest radical elimination
activity in this species are of medium polarity. Furthermore, the extract’s free radical scav-
enging ability may be related to the presence and nature of contributing molecules’ electron
transfer and hydrogen donating ability, including: intermedeol, which is an eudesmane-
type sesquiterpene with an antiproliferative activity on promyelocytic leukemia HL-60
cells associated to both differentiation and apoptosis-inducing effects [18]; dehydrocostus
lactone, which has been shown to present a powerful antioxidant activity that protects
osteoblasts from antimycin A-induced cell damage via activation of PI3K/Akt/CREB [19];
and methyl pyruvate, which protects neuronal cells through its antioxidant actions on
mitochondria [20]. It should also be noted that the level of antioxidants, as well as the
synergistic effect that occurs between them and other plant constituents, can influence
differences in the antioxidant capacity of plant extracts [21]. In this pathway, glutathione
is the main low-molecular weight thiol in most plant cells [22], detected in mitochon-
dria, chloroplasts, peroxisomes, apoplast, and vacuoles of different plant species [23] and
isolatable from whole tissue extract [24]. Plants need glutathione or g-glutamylcysteine
containing homologues to survive [25]. The roles of glutathione include xenobiotic detoxifi-
cation, antioxidant biochemistry and redox homeostasis, under normal or stress situations,
and it constitutes one of the principal cellular antioxidant systems with other antioxidant
defenses (polyphenols, flavonoids, tocopherols and ascorbate) to scavenge reactive oxygen
and nitrogen species [26]. In plant physiological conditions without stress, tissues such as
leaves maintain measurable GSH:GSSG ratios of at least 20:1 [27]. In general, our results
show a low GSH/GSSH ratio, because the flowers were cut and then dried, and so the me-
chanical damage to a plant induces a rapid release and activation of apoplastic peroxidases,
and an oxidative burst of reactive oxygen species (ROS), exceeding the capacity of the
antioxidant defense system [27,28] by the upregulation of peroxidase genes, glutathione
being an electron donor to glutathione peroxidases in the reduction of hydroperoxides [29].

On the other hand, cancer, one of the leading causes of death in the world [30], arises
from a stepwise accumulation of genetic or epigenetic changes that liberate neoplastic
cells from the homeostatic regulation that controls normal cell proliferation [31]. While
chemotherapy is one of the most common and effective treatments, its side effects are
often severe, and so research and development into new antitumoral compounds are
needed. This work provides data on the cytotoxic effect of L. rivularis flower extracts
against different cancer cell lines. Our data indicate that hexane, dichloromethane and
ethyl acetate treatments had cytotoxic activity with IC50 values between 3–9 µg/mL in
cancer cell lines HT-29, PC-3 and MCF-7 and values higher than 100 µg/mL in HEK-293
cells. These results showed that the extracts had an SI between 10–30, indicating a high
selectivity (SI > 3 is considered as a good value: see [32].

A previous study by the authors found that Leptocarpha rivularis DC contained a high
percentage of sesquiterpene lactones (SQL), with leptocarpin as the major component
in leave and stem extracts, and exhibited a significant cytotoxic activity against cancer
cell lines with IC50 values of 4.5, 3.8 and 3.1 µM against PC-3, HT.29 and MCF-7 cell
lines, respectively [5], and SI values between 2.9 and 4.9 [5,33]; no previous reports have
provided complete descriptions of the flower extracts of Leptocarpha rivularis DC and their
composition, antioxidant capacity and cytotoxic effect against cancer cell lines. Indeed,
GC-MS analysis of flower extracts have shown the presence of sesquiterpene lactones and
other compounds with antitumoral activity, such as dehydrocostus lactone, grosheimin,
reynosin, deoxysericealactone, tetraneurin D, caryophyllene oxide, scopoletin, and thujone.

Next, dehydrocostus lactone, possesses various biological activities, including anti-
inflammatory [34], antioxidant [35] and anticancer activities [36]. Research has associated
the anticancer activities of dehydrocostus lactone to the inhibition of cancer cell prolif-
eration and induction of cancer cell apoptosis [37], inhibition of migration and invasion
and inhibition of angiogenesis [38]. The induction of apoptosis is associated with in-
creased protein [37], a reduction in mitochondrial membrane potential [39] and the release
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of cytochrome C, triggering the intrinsic pathway of apoptosis and/or the activation
of caspases [40–42]. Another, caryophyllene oxide, possesses strong anticancer proper-
ties [43,44]. reducing levels of procancer proteins and apoptosis inhibitors (bcl-2, bcl-xL,
IAP-1, IAP-2) and increasing levels of those with proapoptotic properties [43,44]. Next,
α-thujone and beta-thujone have been used for the treatment of a number of diseases
due to antioxidant activity [45,46] and antitumorigenic effects [47,48]., which show a sig-
nificant decrease in cell viability, internucleosomal DNA fragmentation, mitochondrial
membrane permeability, an increase in ROS generation, and the release of cytochrome c and
caspase-3 activation [46–49]. Another, reynosin, exerts a hepatoprotective effect against
thioacetamide-induced apoptosis and hepatocellular DNA damage in primary mouse
hepatocytes cultures and in vivo mouse models. In vivo experiments demonstrate levels of
aspartate aminotransferase and alanine aminotransferase are decreased in reynosin-treated
mice [50]. Additionally, biological studies in a rodent Parkinson’s disease model system
demonstrate the neuroprotective effect of reynosin against dopamine-induced neuronal
cell death [51]. Moreover, scopoletin, also present in extract, is a coumarin present in
different species of plants that possess anticancer properties inducing cell cycle arrest and
caspase-3 activation in the prostate cancer cell line [52], while inducing PARP cleavage and
DNA fragmentation in promyeloleukemic HL-60 cells which lead to apoptosis [53]; and is
able to enhance the neuronal defense system and protect the brain from rotenone-induced
oxidative stress and Parkinson’s disease [54].

In addition to sesquiterpene lactones, triterpenes and triterpenoids were also present,
and have been reported to have potent antineoplastic activity [55]. For example, α amyrin,
present in the extracts of our study, has strong antiproliferative activity against A549 cancer
cell line, with an IC50 value of 9.28 µg/mL. Lupeol (which was present in DCM extracts)
and stigmasterol (AcOEt extracts) are major phytosterols in various herbal plants, pos-
sessing anti-inflammatory activities and candidates for anticancer agents. Studies demon-
strate that lupeol and stigmasterol are anti-angiogenic compounds that inhibit endothelial
cell proliferation, migration, and capillary network formation through the disruption of
the TNF-α-VEGFR-2 axis, and they effectively suppress growth of cholangiocarcinoma
xenografts by downregulating inflammatory cytokine production, macrophage recruitment
and tumor angiogenesis [56]. Furthermore, lupeol has been shown to possess antiox-
idative [57], antiproliferative [58] and antitumor effects both in vitro and in vivo [59,60].
Specifically, lupeol was shown to possess significant antitumor activity in a two-stage
model of mouse skin carcinogenesis, inducing cell cycle arrest and apoptosis in melanoma
cell line 451Lu cells [61]. Moreover, lupeol has reduced the cell viability of HCT116 and
SW620 colon cancer cell lines and can suppress the migration and invasion of colorec-
tal cancer cells inhibiting the RhoA-ROCK1 pathway [62]. Lupeol and lupeol acetate
have been shown to exhibit higher anti-inflammatory activity than the commonly used
nonsteroidal anti-inflammatory drug indomethacin in rat and mouse models of inflam-
mation [63]. Although lupeol has been shown to have anti-inflammation and antitumor
capability, its poor bioavailability limits applications in living subjects. Lupeol acetate
(LA), a derivative of lupeol, shows similar biological activities as lupeol but with better
bioavailability [64]. Next, γ-sitosterol has been reported cytotoxic against colon and liver
cancer cell lines, mediated by downregulation of c-myc expression and induction of the
apoptotic pathways [65]. Another triterpenoid with anticancer and anti-inflammatory
effects, betulinaldehyde [66] has been described as a retinoic acid receptor-related orphan
receptor γt (RORγt) agonist [67], which alters the thermal stability of RORγt by directly
binding to the protein in vitro, being a potential agent for tumor immunotherapy [68]. An-
other triterpenic compound present in L. rivularis is beta-Amyrin acetate. Plants with a high
and majority beta-Amyrin acetate content show high antioxidant and cytotoxic activity [69].
Another compound present is linalool, an unsaturated terpene that exhibits antimicrobial,
anti-inflammatory and antioxidant properties [70]. Moreover, linalool exhibits anticancer
potential against prostate cancer, colon cancer, leukemia and cervical cancer [71–73]. It has
also been shown to exert an inhibitory effect on cell proliferation of human solid tumors,
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including hepatocellular carcinoma, breast cancer, small cell carcinoma and malignant
melanoma and induced apoptosis in both in vitro and in vivo models.

Other compounds present in L. rivularis flower extracts include retinoid “Fenretinide”
(AcOEt extracts) (4-hydroxy (phenyl) (retinamide), previously described as a promising
anticancer agent based on preclinical and clinical studies. Fenretinide has been established
as cytotoxic to many kinds of cancer cells, and is reported to decrease cell viability and
induce apoptosis in Ishikawa cells, an endometrial cancer cell line, dose dependently
in vitro. Notably, this effect was found to be independent of the retinoic acid nuclear
receptor signaling pathway, instead inducing apoptosis by increased retinol uptake via
STRA6, which, when silenced, decreases apoptosis inhibited by knockdown of STRA6
expression in Ishikawa cells. [74]. Another compound found was grossheimin, a guaiano-
lide with multiple biological activities: it is anti-inflammatory, inhibitory to inducible nitric
oxide synthase; has antitumor and cytotoxic effects in VERO cell cultures, at 4.2 µg/L
IC50 [75,76]. Moreover, grossheimin can decrease intracellular GSH in Jurkat cell line [76]
and inhibit initial phases of TCR activation, having possible immunotherapeutic prop-
erties [77]. Finally, we detected thunbergol, also named isocembrol, a cembranoid that
inhibits both α-glucosidase (IC50 2.9 µg/mL) and NO production in activated macrophages
(IC50 3.6 µg/mL) [78]. Although we have discussed the cytotoxic effects of the individual
principal components identified in Hex, DCM and AcOEt extracts, it is likely that there is
some synergic effect among them that calls for further research.

4. Materials and Methods
4.1. General

All chemicals and solvents were obtained from Aldrich (St. Louis, MO, USA) and
were used without further purification.

4.2. Plant Material

Flowers of L. rivularis DC were collected during the flowering season (November 2019)
in Temuco (Región de la Araucania, Chile; 38◦43′60” S, 72◦40′0” W). A voucher specimen
(No. Lr-11119) was deposited at the Herbarium of the Natural Products Laboratory,
“LPNSO”, Department of Chemistry, Universidad de Playa Ancha, Valparaíso, Chile.

4.3. Extraction

The dried powdered flowers of L. rivularis DC (200 g) were exhaustively extracted
with 70% ethanol (300 mL) by using Soxhlet extractor at 50 ◦C for 16 h. The polar extract
was evaporated at low pressure to obtain crude ethanol extract which was then fractionated
into hexane, dichloromethane, ethyl acetate and ethanol extracts [79]. All solvents used
were chromatographic grade. Briefly, the extraction was carried out by using an orbital
shaker (170 rpm) at 25 ◦C for 72 h. The resulting mixture was filtered through Whatman
No. 1 filter paper (Sigma-Aldrich, Darmstadt, Germany) and the hexane was removed from
the filtrate under reduced pressure with a rotatory evaporator (Rotavapor R-300, BÜCHI,
Barcelona, Spain). The residue was further extracted with dichloromethane, ethyl acetate,
and ethanol, sequentially and serially. Finally, each extract was weighed and the yield was
calculated. L. rivularis DC flower extracts were kept at −4 ◦C prior to further analyses.

4.4. Phytochemical Screening of Flower Extracts

All flower extracts were subjected to qualitative chemical tests to identify various
classes of bioactive chemical constituents present in the leaves using standard proce-
dures [80].

4.4.1. Determination of Total Phenols

Folin-Ciocalteu reagent was used to determine the total phenolic content (TPC) of
the flower extracts [81]. Gallic acid was used as a reference standard (20–100 µg/mL) for
plotting the calibration curve. A volume of 0.5 mL of the flower extract (100 µg/mL) was
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mixed with 1.5 mL of Folin-Ciocalteu reagent (diluted 1:10 with deionized water) and
neutralized with 3 mL of sodium carbonate solution (7.5%, w/v). The reaction mixture
was kept in the dark at room temperature for 30 min with intermittent shaking for color
development. The absorbance of the resulting blue color was measured by using double
beam UV-Vis spectrophotometer (UV Analyst-CT 8200) at a fixed wavelength of 765 nm.
The TPCs were determined using the linear regression equation obtained from the standard
plot of gallic acid. The content of total phenolic compounds was calculated as mean ± SD
(n = 3) and expressed as mg/g gallic acid equivalent (GAE) of dry extract.

4.4.2. Estimation of Total Flavonoid Content (TFC)

The TFC in the flower extracts was determined by the reported procedure of
Madaan [82] and quercetin was used as a standard to construct the calibration curve.
Briefly, 10 mg of quercetin was dissolved in 80% ethanol and then diluted to 20, 40, 60, 80
and 100 µg/mL. The diluted standard solutions of quercetin or plant extracts (0.5 mL) of
different concentrations were separately mixed with 1.5 mL of 95% ethanol, 0.1 mL of 10%
aluminum chloride, 0.1 mL of 1 mol/L potassium acetate and 2.8 mL of distilled water in a
test tube. The test tubes were incubated for 30 min at room temperature to complete the re-
action. The absorbance of the reaction mixture was measured at 415 nm with double beam
UV-Vis spectrophotometer against blank. A typical blank solution contained all reagents
except aluminum chloride which is replaced by the same amount of distilled water. The
amount of flavonoid was calculated from the linear regression equation obtained from the
quercetin calibration. All of the determinations were performed in triplicate.

4.4.3. Total Anthraquinone Content (TAC)

TAC in the flower extracts was determined by the reported procedure [83,84] and
emodin was used as a standard to construct the calibration curve. Briefly, 1 mL of 2% w/v
aluminum trichloride (AlCl3) in ethanol was mixed with the same volume of the extract
solution in ethanol (1.0 mg/mL). The mix was incubated for 10 min at room temperature,
and absorbance was measured at 486 nm against a blank sample consisting of 1.0 mL
extract solution with 1.0 mL of methanol without AlCl3. The total anthraquinone content
was expressed as µg of emodin equivalents (EE)/g of dry extract. All of the determinations
were performed in triplicate.

4.5. Chromatographic Analysis

The Hex, DCM and AcOEt extracts were diluted with chloroform and analysis by gas
chromatography (Hewlett Packard, Palo Alto, CA, USA) was carried out according to the
method detailed elsewhere [85,86]. The operating conditions were as follows: on-column
injection; injector temperature, 250 ◦C; detector temperature, 280 ◦C; carrier gas, He at
1.0 mL/min; oven temperature program: 40 ◦C increase to 260 ◦C at 4 ◦C /min, and
then 260 ◦C for 5 min, to afford the best separation through a capillary Rtx-5MS column.
The mass detector ionization employed an electron impact of 70 eV. Compounds in the
chromatograms were identified by comparison of their mass spectra with those in the
NIST/EPA/NIH Mass spectral Library [87]. Chromatographic peaks were considered
“unknown”, when their similarity index (MATCH) and reverse similarity index (RMATCH)
were less than 850 and discarded in this identification process [88]. These parameters
are referred to the degree the target spectrum matches the standard spectrum in the
NIST Library (the value 1000 indicates a perfect fit), and by comparison of their retention
index with those reported in the literature [87], for the same type of column or those of
commercial standards, when available. The retention indices were determined under
the same operating conditions in relation to a homologous n-alkanes series (C8–C36) by
the equation:

RI = 100 × (n + Tr(unknown) − Tr(n)/Tr(N) − Tr(n)), (1)
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where n = the number of carbon atoms in the smaller n-alkane; N = the number of carbon
atoms in the larger nalkane; and Tr = the retention time. Component relative concentrations
were obtained by peak area normalization.

4.6. Antioxidant Assay
4.6.1. DPPH Radical Scavenging Assay

The DPPH assay was performed as described previously [89]. Briefly, 0.1 mL sample
(from 0 to 4 mg/L of flower extracts) was mixed with 2.9 mL DPPH• solution (50 µM)
and such a solution was freshly prepared in ethanol. A measure of 2.9 mL 50 µM DPPH•
solution with 0.1 mL ethanol was used as a control. The absorbance of the resulting
solutions, control and the blank (with the reagents only) were recorded after 15 min at
room temperature. Each sample was replicated three times. The disappearance of DPPH•
was detected spectrophotometrically at 517 nm. The percentage RSC (Radical Scavenging
Capacity) was calculated by the following equation:

RSC (%) = 100% × (Acontrol − Asample)/Acontrol (2)

From the obtained RSC (%) values the IC50 value, which represent the concentra-
tions of the resinous exudate and the major compounds that caused 50% inhibition, was
determined by linear regression analysis.

4.6.2. Ferric Reducing Antioxidant Potential (FRAP) Assay

The ferric reducing power of plant extracts was determined using the FRAP assay [90]
with minor modifications. The working FRAP reagent was daily prepared by mixing
10 volumes of 300 mM acetate buffer, pH 3.6, with 1 volume of 10 mM TPTZ in 40 mM
hydrochloric acid and with 1 volume of 20 mM ferric chloride. All solutions were used
on the day of preparation. A sample of 100 µL of the extracts (1.0 mg/mL) in 300 µL
of deionized water was added to 3 mL of freshly prepared FRAP reagent. The reaction
mixture was incubated for 30 min at 37 ◦C in a water bath. Then, the absorbance of the
samples was measured at 593 nm. An ethanol blank reading was also taken. The difference
between sample absorbance and blank absorbance was calculated and used to determine
the FRAP value. FRAP values were expressed as mM Trolox. All measurements were done
in triplicate.

4.6.3. Total Reactive Antioxidant Properties (TRAP) Assay

The assay was performed by the method set out previously [91]. A 10 mM solution of
ABAP was mixed with 150 µM solution of ABTS•+ in 100 mM solution of PBS a pH 7.4.
The mixture was incubated at 45 ◦C for 30 min. A measure of 10 µL of sample solution was
added to 990 µL of the resulting blue-green ABTS•+ solution. The decrease of absorbance of
TRAP solutions and ABTS•+ as blank were recorded after 30 s at room temperature. Then,
the absorbance of the samples was measured at 734 nm. The total antioxidant capacity
TRAP of the extracts was expressed in mM Trolox equivalents (TEAC), using a standard
curve of Trolox (0–120 mg/L). All measurements were replicated three times.

4.6.4. Oxygen Radical Absorbance Capacity (ORAC) Assay

Oxygen radical scavenging capacity was determined using the ORAC assay according
to Alarcón [92]. ORAC-fluorescein is a convenient method that is extensively employed
for the estimation of the antioxidant capacity of pure compounds or complex mixtures,
such as herbal infusions and teas. The ORAC-index has previously been shown to depend
on the target molecule used [93]. The ORAC values of the extracts were expressed as µM
of Trolox equivalent antioxidant capacity (µM TEAC) based on a Trolox standard curve.
Positive controls used were GA and BHT. All experiments were carried out in triplicate.
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4.6.5. Reduced Glutathione Assay

GSH was assayed by the enzymatic recycling procedure in which it is sequentially
oxidized by 5,5’-dithiobis (2-nitrobenzoic acid) and reduced by NADPH in the presence of
GR according to established methods [94,95] and adapted to L. rivularis DC flower extracts
of the different solvent analyzed. Briefly, extraction was performed in 5% sulphosalicylic
acid on g dry weight (DW) of L. rivularis DC flower extracts and the extent of 2-nitro-
5- thiobenzoic acid formation was monitored at 412 nm for GSH plus GSSG evaluation.
For determination of GSSG alone, the dry extract was pretreated with 2-vinylpyridine to
scavenge GSH by derivatization.

4.7. Cell Viability
4.7.1. Cell Culture

Human cancer cell lines: HT-29 (colon), MCF-7 (breast), PC-3 (prostate) and a nontu-
moral human cell line HEK-293 (embrionic kidney) were maintained in Ham’s-F12: DMEM
high glucose medium (Gibco, San Diego, CA, USA), supplemented with 10% (v/v) fetal
bovine serum (FBS) at 37 ◦C in a humidified 5% CO2 incubator. Appropriate volumes
of the work solutions were added to the medium to reach the indicated concentrations
(0, 0.625, 1.25, 2.5, 3.75, 6.25, 12.5, 25, 37.5 or 62.5 µg/mL) and cells were then incubated for
the indicated periods of time.

4.7.2. In Vitro Growth Inhibition Assay

The sulforhodamine B assay was used according to the method of Vichai and Kir-
tikara [96,97]. Test extracts were solubilized just prior to the experiment in 0.1% DMSO.
Briefly, the cells were set up at 3 × 103 cells per well of a 96-well, flat-bottomed 200 µL
well microplate. Cells were incubated at 37 ◦C in a humidified 5% CO2/95% air mixture
and treated with the extracts at different concentrations for 72 h. The cells which received
only the medium containing 0.1% DMSO served as the control group. At the end of drug
exposure, cells were fixed with 50% trichloroacetic acid at 4 ◦C. After washing with water,
cells were stained with 0.1% sulforhodamine B (Sigma-Aldrich, St. Louis, MO, USA),
dissolved in 1% acetic acid (50 µL/well) for 30 min, and subsequently washed with 1%
acetic acid to remove unbound stain. Protein-bound stain was solubilized with 100 µL of
10 mM unbuffered Tris base, and the cell density was determined using a fluorescence
plate reader (wavelength 540 nm). Leptocarpin was used at 9 µg/mL as a control positive.
Values shown are the mean ± SD of three independent experiments in triplicate. The
software used to calculate the IC50 values was SigmaPlot 11.0.

4.7.3. Morphological Assessment of Cell Apoptosis

Cell morphology were analyzed, after 48 h of treatment to different extracts (37.5 µg/mL),
using phase contrast microscopy. Briefly, HEK-293, HT-29, PC-3 and MCF-7 (1 × 104 cells/mL)
were cultured on 24-well chamber slides, and exposed to compounds for 48 h. The control
group was exposed to 1% ethanol.

4.7.4. Determination of Mitochondrial Membrane Permeability by Flow Cytometry

Rhodamine 123, a cationic voltage-sensitive probe that reversibly accumulates in
mitochondria, was used to detect changes in mitochondrial membrane potential. Cells
were incubated with different extracts (6.25 and 37.5 µg/mL) for 48 h, and subsequently
were stained with rhodamine 123 (1 µM) and incubated in darkness for 1 h at 37 ◦C. Then,
the medium was removed and cells were washed twice with PBS. Later the cells were
trypsinized and collected by centrifugation (10 min at 1500 g). The supernatant was dis-
carded and the cells pellets were resuspended in PBS and analyzed by flow cytometry using
the filter FL1. Results are expressed as the percentage of cells stained with rhodamine 123.
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4.7.5. Determination of Caspases Activation

The activity of caspases was determined by using a fluorescent inhibitor of cas-
pases tagged with fluorescein isothiocyanate, FITC-VAD-FMK. The CaspACE FITCVAD-
FMK In Situ Marker was obtained from Promega. Briefly, cells were treated with extract
(37.5 µg/mL) for 48 h. The cells were incubated with CaspACE FITC-VAD-FMK in dark-
ness for 20 min at room temperature. Then, the medium was removed and cells were
washed twice with PBS. Exposed cells were collected by tripsinization and centrifugation
(10 min at 1500 g). The supernatant was discarded and the cells were resuspended in
PBS and analyzed by flow cytometry using the filter FL3. Results are expressed as the
percentage of cells stained with CaspACE FITC-VADFMK.

4.8. Statistical Analysis

Data are reported as mean values ± SD. Experiments were repeated three times,
with triplicate samples for each. Data were analyzed by Prism 6 version 6.0d. Statistical
significance was defined as p < 0.05. After tests of normality (Kolmogorov-Smirnov),
one-way ANOVA followed by Tukey-Kramer multiple comparisons test as post hoc were
applied, using 5% significance level.

5. Conclusions

Based on its potential for antioxidant and cytotoxic activities, L. rivularis DC flower ex-
tracts have been assessed for the first time. There seem to be positive correlations between
antioxidant capacity and cell viability of cancer lines. Flower extracts demonstrated selec-
tive cytotoxicity and a caspase induction causing cell death, which suggests that L. rivularis
DC flowers may be promising sources of natural antioxidants and other antitumoral or
otherwise bioactive compounds for food and pharmaceutical industries.
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