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Several compounds with biological activity used 
in traditional and popular medicine systems are mol-
ecules extracted from plants and vegetal and are pre-
pared as infusions or beverages [Gurib-Fakim 2006]. 
According to Lucini et al. [2016], the known health 
benefits associated with herbal infusions are partial-
ly associated to their antioxidant capacity. Bioactive 
compounds that have shown the ability to limit or 

prevent oxidative damage such polyphenols, carot-
enoids and vitamins [Prior et al. 2003] are highly 
associated with the reduction of cardiovascular dis-
eases [Pounis et al. 2013], various types of cancer, 
immune and neurodegenerative disorders [Marszalek 
et al. 2017], type II diabetes and in general in all dis-
eases in which oxidative stress has an important role 
[Li et al. 2009].
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ABSTRACT

The native Chilean shrubs Buddleja globosa (matico) and Ribes magellanicum (zarzaparrilla) are used widely 
at a rural level, due to their medicinal properties. Nevertheless, little is known about their secondary metab-
olites and cytotoxic effect. The aim of this study was to evaluate the content of different compounds like 
catechin, epicatechin, p-coumaric acid and the antioxidant capacity by ABTS, ORAC, FRAP and DPPH 
methods. In addition, the cytotoxic activity of both extracts was evaluated against Chinese hamster ovary 
(CHO-K1) cell lines by MTT and neutral red ASSAYS. The results suggest that the most abundant con-
stituent in Budleja globosa and Ribes magellanicum were catechin (682.43 mg/100 g DW) and epicatechin 
(3362.08 mg/100 g DW) respectively; while the ORAC methodology showed an elevated antioxidant ac-
tivity for matico (134147.31 μmol Trolox Eq/100 g DW). On the other hand, both extracts at the assayed 
concentrations affect the membrane stability and cellular metabolic capacity of the CHO-K1 cell lines. These 
finding provide a direction for further researches, and suggest the matico and zarzaparrilla flower extracts as 
promising sources of antioxidants, and as research objects through the analyze of their metabolic behavior 
and antitumoral potential.
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Among importance bioactive compounds are flavo-
noids, secondary metabolites that have been recognized 
to have medicinal properties and beneficial impact on 
health, e.g. antioxidant activity, digestive stimulation 
action, hypolipidemic and antimutagenic potential 
[Aaby et al. 2004]. p-Coumaric acid, which has demon-
strate chemoprotectant [Torres y Torres and Rosazza 
2011] and hepatoprotective [Calil Brondani et al. 2017] 
properties. And, flavanols like catechin and epicatechin 
are acknowledged for their antibacterial and antiviral 
capacity; anti-inflammatory activity and cancer preven-
tives for humans [Kumar and Pandey 2013].

Buddleja globosa (belonging to the family of 
Scrophulariaceae) is a perennial bush that have sim-
ple and opposite leaves of 5–20 cm long and 1.5–
4.5 cm of wide. It is native to central and southern 
Chile and from some parts of South America such 
Argentina, Peru and Bolivia [Houghton 1984].  
In Chile the shrub is known as matico and grows wild 
in hills and ravines. Its distribution extends from the 
region of Coquimbo to the province of Chiloé [Vo-
gel et al. 2005]. Several studies report the presence 
of saponins, sesquiterpenes, triterpenoids, diterpenes 
and flavonoids such apigenin, quercetin, and hidrox-
iluteolin in leaves and flowers of matico [Houghton 
2003]; that contribute to their gastroprotective effect 
[Placencia et al. 2002], analgesic and anti-inflamma-
tory activity [Backhouse et al. 2002].

On the other hand, Ribes magellanicum (common-
ly known as zarzaparrilla) is a deciduous and erect 
shrub that belongs to the Grossulariaceae family.  
Its leaves are persistent ovate, orbicular (3–10 cm 
wide), with three lobes; and its distribution extends 
from Valdivia to the Magallanes and Chilean Antartica 
region [Muñoz et al. 1986]. 

As regards its chemical composition, Ruiz et al. 
[2015] reported in the fruit of zarzaparrilla the pres-
ence of Caffeoylquinic acid, feruloylquinic and cou-
maroylquinic acids, quercetin hexoside, rutinoside 
and acetyl derivatives; kaempferol-acetylhexoside 
and rutinoside derivatives, myricetin and kaempferol. 
In Europe the chemical profiling has been extensive-
ly described, mainly for the fruit of Ribes nigrum and 
Ribes rubrum (black and red currants respectively) 
[Jiménez-Aspee et al. 2016]; which present high con-
tents of p-coumaric, ferulic and caffeic acid [Määttä et 
al. 2003]. However, no information was found regard-

ing phenolic compounds, antioxidant and biological 
activity from the flower of zarzaparrilla. 

In Chile, both bushes are used widely at a rural and 
popular level. In the case of matico the stalks and leaves 
are applied directly such infusion or poultice for the 
treatment of wounds, ulcers and dysentery [Houghton 
1984]. Moreover, zarzaparrilla is gaining importance, 
in particular its fruit, which can be consumed fresh, in 
preserves and in syrups, due to their high in vitro an-
tioxidant capacity and significant cytoprotective effect 
against oxidative stress [Jiménez-Aspee et al. 2016]. 

According to this, and from the base that no back-
ground exists about the chemical characteristics of the 
flowers of these shrubs, the aim of this research was to 
determinate the content of secondary metabolites and 
their antioxidant capacity. In addition to evaluating 
its biological activity through their biological effect 
against Chinese hamster ovary (CHO-K1) cell line.

MATERIAL AND METHODS

Vegetal material and preparation of the sample. 
The plant material was collected in the commune of 
Fresia (Chile). After being stored in perforated poly-
propylene bags were lyophilized and taken for the re-
spective analyzes. For the antioxidant and cytotoxic 
assays; 2.0 g of the lyophilized samples were placing 
in 200 ml of boiling water for 10 min. In the case of 
the antioxidants assays, the supernatant was cooled 
to room temperature and analyzed directly. For the 
biological activity tests, the cooled supernatant was 
filtered using 0.20 μm pore-size nylon filter. Among 
assays, the extracts were stored at 4°C. 

Chemical assays and antioxidant capacity. Re-
active solvents were obtained from Sigma-Aldrich®  
(St. Louis, USA) and Merck (Germany). Ultravio-
let-visible measurements were performed on a Mul-
tiskan Spectrum spectrophotometer (Thermo Scientif-
ic). The decrease in fluorescence intensity measured 
in the ORAC assay was performed on a Perkin-Elmer 
LS-55 (U.K.) Spectrofluorimeter. The chromatograph-
ic assays were carried out on a Shimadzu® series 
Prominence® UFLC liquid chromatograph. 

Glucose and fructose were determined through 
high pressure liquid chromatography (HPLC), follow-
ing a modified version of the protocol of Eyéghé-Bick-
ong et al. [2012]. Reducing sugars (DNS colorimetric 
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method) was performed as describes by Najmus and 
Whitney [2011]. Total phenols were done by the co-
lorimetric method of Folin-Ciocalteu designed by 
Singleton and Rossi [1965]. The determination of as-
corbic acid was performed through HPLC, following 
the method described by Kelebek et al. [2009].  
As a mobile phase 0.1% formic acid in purified water 
was used, by isocratic elution system, at a tempera-
ture of 35°C and flow of 0.8 mL/min. Detection was 
performed at 245 nm. The identification and quanti-
fication was done with calibration curves elaborated 
with different concentrations of ascorbic acid. Confir-
mation and quantification of (+)-catechin and (–)-epi-
catechin were analyzed by liquid chromatography 
(HPLC-DAD) using a Shimadzu LC-20AD/T HPLC 
equipped with a SPD-6AUV detector (Kyoto, Japan) 
and a Pinacle (II) C-18 column (5 μm) 250 × 4.6 mm 
(Restek©, Bellefonte, USA) with an autoinjector and 
a photodiode array detector (PDA). The mobile phase 
was methanol (A) acidified water (0.1% formic acid) 
(B), with gradient elution of 0.01 min 60% A was 
used; 5–12 min 80% A; 13–14 min 60% A. Flow rate 
of mobile phase was 1.0 mL/min [Oliveiro et al. 2009]. 
The same equipment was used for the determination 
of the p-coumaric acid. In this case, the phenolic acid 
was adopted as the standard for its identification at  
320 nm. The mobile phase was a mixture of aceto-
nitrile, acidified water (phosphoric acid at pH = 2.5) 
(40 : 60) v/v, supplied at a rate of 0.8 mL/min [Kelebek 
et al. 2009]. Total flavonoids were determined by col-
orimetric method proposed by Marinova et al. [2005].  
On the other hand, the measurement of the antioxidant 
capacity through FRAP (ferring reducing/antioxidant 
power assay) were expressed as AEAC (ascorbic acid 
equivalent antioxidant capacity: mg ascorbic acid per  
100 g DW). According to described by Benzie and 
Strain [1996], the absorbance was determined at  
593 nm. In brief, 50 μL of sample were added to  
900 μL of pH 3.4 acetate buffer, TPTZ, FeCl3 in  
a 10 : 1 : 1 ratio; after 30 min of reaction the absor-
bance was determined. The radical scavenging ac-
tivity against the stable radical DPPH was measured 
using the methods proposed by Brand-Williams et 
al. [1995], with certain modifications. The method is 
based in the reaction of 10 μL of sample with 990 μL 
of DPPH solution for 30 min at room temperature.  
The absorbance decrease, associated with a reduction 

in the DPPH concentration, was measured at 517 nm. 
The results were expressed in μmol trolox equivalents 
per 100 g DW. The antioxidant activity measured 
through the ABTS assay was determined the method 
reported by Re et al. [1999] with some modifications. 
10 μL of sample was added to 990 μL of a solution of 
ABTS•+. The ability of the samples to trap the cationic 
radical ABTS•+ was evaluated by means of decrease 
in absorbance read after 30 min of reaction at a wave-
length of 732 nm. The absorbance value was compared 
with the reference curve constructed with Trolox as the 
primary standard, and the results were expressed as 
TEAC values (μmol Trolox per 100 g DW).

For the oxygen radical absorbance capacity 
(ORAC) assay, the method described by Prior et al. 
[2005] and Romero et al. [2010] was used. 30 μL of 
the sample was added to 21 μL of 1 × 10–2 M fluo-
rescein in PBS (75 mM); 2.9 μL PBS (75 mM); and  
50 μL of 0.6 M AAPH in PBS (75 mM). The tem-
perature was controlled at 37°C and the pH was main-
tained at 7.4. The readings were made at an excitation 
λ 493 nm and excitation slit 10 nm; and an emission 
λ 515 nm with an emission slit 15 nm, with 1% at-
tenuator and no attenuator plate. The protective effect 
of the antioxidant is calculated using the differences 
in areas under the decay curve of fluorescein between 
the blank (reaction in the absence of the sample) and 
the sample. It was compared against the curve of the 
primary Trolox® standard. The results were expressed 
as TEAC, μmol equivalents of Trolox per 100 g DW 
according to equation 1.

       ORAC =    AUC – AUC°   ƒ[Trolox]    (1)AUCTrolox – AUC°

Where AUC is the area under the curve of the sample, 
AUC° area under the curve for the control, AUCTrolox 
area under the curve for the Trolox, ƒ is the dilution 
factor of the extracts.

Assessment of cytotoxic activity. Chinese hamster 
ovary (CHO-K1) cell line was used for the cytotoxic 
determination and was purchased from ATCC (Amer-
ican Type Culture Collection). The extracts were ap-
plied at different concentrations. 3-(4,5-Dimethylthi-
azolyl-2)-2, 5-diphenyl-tetrazolium bromide (MTT) 
assay was measured using the methods proposed  
by Mosmann [1983], with certain modifications.  
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6000 viable cells were seeded in a 96-wellplate and 
treated for 24 h with different treatments, guarantee-
ing the presence of this during a cell cycle. Thereafter,  
10 μL of MTT solution (5 mg/mL) were added to each 
well and incubated for 3½ h. Later, the formazan crys-
tals were dissolved by using 100 μL of acidified iso-
propanol. Detection was performed at 570 nm using  
a Multiskan Spectrum spectrophotometer. On the other 
hand, neutral red was based on the protocol described 
by Borenfreund and Puerner [1985]. In this method-
ology, afterwards than cells were seeded and exposed 
to the different treatment, the medium was discarded; 
each well of the plate was washed with PBS and neu-
tral red solution (0.1 mg/mL) was added. After one 
hour of incubation, neutral red was retired and was 
washed with PBS. Later, the neutral red remmant was 
dissolved with 400 μL of acidified ethanol. The lecture 
was determined at 540 nm.

Statistical analysis. All the experiments were per-
formed in triplicate. The regressions were calculated 
with a 95% significance level (p < 0.05), using the 
Statgraphics Plus program version 5.0 (Statistical 
Graphics Corp., Rockville, MD).

RESULTS AND DISCUSSION

The flowers intervene in the ecological interactions 
between the plants and its environment, because par-

ticipate in their diversification, mimicry, camouflage 
and defense [Jersáková et al. 2012]. Extracts and in-
fusions of endemic plants played an important role in 
the life of rural and local people [Ladio et al. 2007]. 
According to Houghton [1984], especially in South 
America the peasants and indigenous groups use the 
structures of several vegetal species taking advantage 
of their biological properties. In this context we look 
for highlight the flowers of these endemic bushes, 
through its antioxidant activity and cytotoxic effect 
athwart the cellular viability of CHO-K1 cell line.

The content of metabolites is shown in Table 1, 
which for total phenols has been quantified as total gal-
lic acid equivalent polyphenols. Also, reducing sugars, 
flavonoids, and bioactive compounds such as ascorbic 
acid, catechin, epicatechin and p-coumaric acid were 
determined by HPLC technique. The HPLC-PDA  
chromatograms of catechin and epicatechin are il-
lustrated in Figure 1. The antioxidant and reducing 
activity of matico and zarzaparrilla flower extracts 
was characterized by different assays (ABTS, FRAP, 
DPPH, ORAC). The results of these analyzes can be 
seen in Table 2. In addition, cytotoxicity tests were 
performed through MTT and neutral red assays. The 
interaction between the extracts with MTT is shown 
in Figure 2. On the other hand, in the case of matico 
the tested concentrations were in the range between 
10–500 ug/ml (Fig. 3). Likewise, the concentrations 

 Table 1. The content of bioactive compounds and reducing sugars quantified in 100 g DW of Buddleja globosa (matico) 
and Ribes magellanicum (zarzaparrilla) flowers 

Compound Buddleja globosa Ribes magellanicum 

Total Phenols (mg gallic ac. Eq.) 6336.7 ±224.3* 5535.3 ±319.5* 

Flavonoids (mg catechin Eq.) 3331 ±36.5* 1486.8 ±24* 
p-coumaric acid (mg) ND 478.6 
Catechin (mg) 682.4 695.4 

Epicatechin (mg) 304.6 3362.1 
Ascorbic acid (mg) ND 116.6 
Fructose (mg) 16.4 26.4 

Glucose (mg) 15.2 9.1 
DNS (mg glucose Eq.) 6237.2 ±55.6* 6965.4 ±260.5* 

* The mean ±standard deviation (n = 3) 
ND: no detected, DNS: 3,5-dinitroxalicylic acid 
 
 

Table 2. Antioxidant activity quantified in 100 g DW of Buddleja globosa (matico) and Ribes magellanicum 
(zarzaparrilla) flowers  

Methodology Buddleja globosa Ribes magellanicum 

FRAP (mg ascorbic acid) 7492.1 ±312.7 8384.1 ±91.1 

ABTS (μmol Trolox Eq.) 10475.7 ±1105.3 33488.9 ±3692.6 
DPPH (μmol Trolox Eq.) 25836.6 ±155.8 19450.5 ±1525.2 

ORAC-H (μmol Trolox Eq.) 134147.3 ±5792.5 104336.7 ±7408.8 

The results of each analysis are presented as the mean ±standard deviation (n = 3) 
FRAP: ferric reducing/antioxidant power assay; ABTS: 2,2´-azinobis-(3-ethylbenzthiazolin-6-sulfonic acid; DPPH: 2,2-diphenyl-1-picryl- 
-hydrazyl-hydrate; ORAC-H: oxygen radical absorbance capacity assay 
 



Fig. 1. HPLC-PDA chromatograms at 280 nm of (1) catechin, (2) epicatechin from matico (Buddleja globosa) 

and zarzaparrilla (Ribes magellanicum) flowers collected in the commune of Fresia, X region of Chile  

Fig. 2. Interaction between matico (Buddleja globosa) and zarzaparrilla (Ribes magellanicum) extracts 
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corresponding to 5, 25, 50 and 250 μg/mL obtained 
from zarzaparrilla and its effect are shown in Figure 4. 

Bioactive compounds and reducing sugars. Com-
paring to another vegetal species with a known anti-
oxidant potential; the total polyphenol content of both 
extracts (Tab. 1) are the order of the fruit of Anacar-
dium occidentale (5286.5 mg gallic acid/100 g DW), 
and higher than those for Eugenia uniflora (3957.2 mg 
gallic acid/100 g DW) [Silva et al. 2014] and Camellia 
chrysantha (2351.1 mg gallic acid/100 g DW respec-
tively) [Song et al. 2011]. Additionally, the concentra-
tion of flavonoids accounted for zarzaparrilla and ma-
tico are superior to those calculated for Vitex doniana 
(1960 ug catechin eq/g DW) and for Ficus capensis 
(flavonoids was not detected) [Muanda et al. 2011].  

On the other hand, raised contents of p-couma-
ric acid, catechin and epicatechin were determined  
(Tab. 1). These high levels are relevant data, because 
these bioactive compound exhibits chemoprotectant, 
anti-inflammatory activities [Torres y Torres and Ro-
sazza 2001]; and, in the case of catechins, properties 
that allow them to prevent oxidative stress by chelat-
ing free ferrous ions [Prior et al. 2003]. Also, it is been 
reported that these metabolites actuate eliminating re-
active oxygen species in human lung (A549) and co-
lon adenocarcinoma (HT29-D4) cell lines [Bouzaiene 
et al., 2015]. 

In addition, the HPLC-PDA chromatograms of cat-
echin and epicatechin showed a concentration of cat-
echin of 34.3 mg catechin/L for matico and 36.2 mg 
 catechin/L for zarzaparrilla. For epicatechin the lev-
els obtained were 15.3 mg catechin/L (matico) and  
175.18 mg catechin/L (zarzaparrilla) (Fig. 1).

Antioxidant capacity. The chemical complexity of 
vegetal species often is a mixture of many compounds 
with different functional groups, polarity and chemical 
behavior; could lead to scattered results [Sacchetti et 
al. 2005]. According to this, Frankel et al. [1994] pro-
pose that many antioxidant assays are available, and 
that the results obtained by the methods depend on the 
oxidant/antioxidant models employed and on lipophil-
ic/hydrophilic balance. Consequently, is highly ad-
visable approach with multiple assays, thus covering  
a wider range of possible chemical behaviors [Sac-
chetti et al. 2005]. Taking this into account, the antiox-
idant activity was quantified by DPPH, ABTS, FRAP 
and ORAC-H tests (Tab. 2). 

FRAP and Folin-Ciocalteu methods quantify the 
activity of phenolic compounds, but also are capable 
of detecting other reducing substance such reduc-
ing sugars and organic acid (including ascorbic and 
citric acid) [Prior et al. 2005]. Therefore, the yields 
were complemented by techniques, which quantify 
only antioxidant metabolites. According to Prior et 
al. [2005] one of the most assured methodologies 
is DPPH; since it quantifies only antioxidant com-
pounds, and also presents a high selectivity due to 
its high molecular impediment. By DPPH, the an-
tioxidant activities described for Laurel nobilis  
(12905 μmol Trolox/100 g DW), Mentha piper-
ita (3356.1 μmol Trolox/100 g DW) [Fernandes 
et al. 2006], Juniperus communis (10947.3 μmol 
Trolox/100 g DW) and Cinchona ledgeriana  
(6832.1 μmol Trolox/100 g DW) [Al-Mustafa and 
Al-Thunibat 2008] are largely overcome by both 
flowers extracts. 
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Fig. 3. Effect of matico (Buddleja globosa) flower extract on Chinese hamster ovary (CHO-K1) 

cell viability evaluated through MTT and neutral red techniques (NR). Data are the mean ±stand-

ard deviation (n = 3) 

 

 

 

 

 

Fig. 4. Effect of zarzaparrilla (Ribes magellanicum) flower extract on Chinese hamster ovary 

(CHO-K1) cell viability evaluated through MTT and neutral red techniques (NR). Data are the 

mean ±standard deviation (n = 3) 
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On the other hand, ABTS test is based on the quan-
tification of the discoloration of the ABTS•+ radical, 
due to the interaction with hydrogen or electron donor 
species [Moon and Shibamoto 2009]. According to 
Lu et al. [2010], this methodology is mainly applied 
to antioxidants of an aqueous nature. Particularly, 
the content reported for zarzaparrilla (obtained from 
ABTS assay) are greater than those obtained for Chi-
nese medicinal plants such Ardisia japonica (Horrst) 
Bl. (16417 μmol Trolox/100 g DW), Inula britannica 
L. (9612 μmol Trolox/100 g DW) and Mentha hap-
localyx Briq (8780 μmol Trolox/100 g DW) [Song  
et al. 2010].

Taking into account that ABTS can be dissolved 
easily in aqueous media [Arnao 2000]; while DPPH 
can only be dissolved in organic media [Wojdylo et al. 
2007]; it can be observed that the molecular behavior 
is different in both bushes. The results suggest that the 
antioxidant compounds of zarzaparrilla shown a ma-
jor solubility in aqueous media; while the nature of 
matico compounds are highly lipophilic and therefore 
more sensitive to the DPPH technique.

The ORAC technique measures the capacity of the 
polyphenols to neutralizing the peroxyl radicals gener-
ated in situ through a HAT proton transfer mechanism 
[Prior et al. 2003]. In addition, supplies a controlla-
ble source of peroxyl radicals and can be adapted to 
detect both hydrophilic and hydrophobic antioxidants 
by modifying the source of the radical and the solvent 
[Huang et al. 2005]. The concentration of both flow-
ers are superior to those reported for Centella asiat-
ica (69978 μmol Trolox/100 g DW), Ruscus aculea-
tus (40172 μmol Trolox/100 g DW), Elymus repens  
13888 μmol Trolox/100 g DW [Wojcikowski et al. 
2007] and Murta (Ugni molinae) (860–2380 μmol 
Trolox/100 g DW) [Peña-Cerda et al. 2017].

The elevated antioxidant activity measured by the 
ORAC method suggest that the flowers extracts has  
a high hydrophilic antioxidants levels with the abil-
ity to neutralize radicals ROO• peroxides. The an-
tioxidant activity indicates a greater potential that 
described for other species of recognized pharma-
ceutical capacity. In fact, the antioxidant capacity of 
matico and zarzaparrilla extracts measured is 91.7% 
and 49.1% higher than Centella asiatica, which has 
demonstrate antitumor effect against human breast 
cancer (MDA-MB-231) and human lung carcinoma 

(A549) [Pittella et al. 2009]. On the other hand, ma-
tico and zarzaparrilla is a 113.9% and 66.4% superior 
to black tea (Camellia sinensis), specie with confirmed 
antiproliferative and genotoxic properties against hu-
man colon carcinoma cell line (HT-29) [Koňariková et 
al. 2015]. And, much greater to the extracts of Paemus 
boldus and Ugni molinae (Chilean endemic species) 
recognized for being as antioxidants, chemo-preven-
tives, digestive stimulants, diuretics and gallbladder 
[Peña-Cerda et al. 2017, Soto et al. 2014, Simirgiotis 
and Schmeda-Hirschmann 2010, Avello et al. 2014]. 

Cytotoxic activity. Cytotoxicity tests were per-
formed through MTT and neutral red assays. The 
interaction between the extracts with MTT is shown 
in Figure 2. The concentrations used for matico 
were 10, 50, 100 and 500 μg/ ml (Fig. 3). Likewise, 
the concentrations corresponding to 5, 25, 50 and  
250 μg/mL obtained from zarzaparrilla and its effect 
are shown in Fig. 4. 

Measurement of mitochondrial metabolic rate us-
ing MTT has been widely applied, due to its high sen-
sitivity and stability [Wang et al. 2010]. Nevertheless, 
studies have shown that its properties could be affect-
ed when MTT interacts with bioactive compounds 
(particularly antioxidants) that present a reducing po-
tential and/or a mechanism of action which implies the 
transfer of hydrogen atoms [Wang et al. 2010]. Figure 
2 shows that both extracts interact directly with MTT 
reducing it to formazan in a linear relation. In fact, our 
results indicate that the extract of zarzaparrilla reduces 
MTT 2.3 time more than matico. To reduce the error 
caused by this interaction and determinate only the 
cellular metabolic capacity, the effect exerted by the 
extracts was subtracted. Besides, neutral red assay was 
used; which is a sensitive technique and also presents 
a high selectivity due to its capacity to evaluate the 
cellular ability to form lysosomes [Borenfreund and 
Puerner 1985]. 

For matico, the Figure 3 reveals a constant tenden-
cy of a concentration greater than 50 μg/mL; with the 
difference that the cellular viability in neutral red os-
cillates nearby to 80%, while in MTT is close to 60%. 
It is possible indicate that (in the majority of concen-
trations assayed) the exerted effect against the nor-
mal cells is independent of the concentration applied. 
Through neutral red assay it is possible to observe 
that the dynamism and stability of the cytoplasmic 
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membrane is affected being reduced by 20% [Fields 
et al. 2017]. On the other hand, the MTT assay shows 
that the cellular metabolic capacity decrease 40%.  
It is worth mentioning that in both techniques, the cell 
viability was always over the 50%.

In relation to zarzaparrilla, in the Figure 4 is also 
observed a constant tendency for both techniques. 
However, the gap is wider than that reported for mati-
co. The viability in neutral red method does not exceed 
the 40%, so it can be considered as a cytotoxic ex-
tract, because it modified the membrane structure and 
moreover interfered in the cellular division process. 
Besides, MTT test indicate a cellular viability that os-
cillate between 80 to 90%, which denote that the cells 
do not lose their reducing capacity, either in cytoplasm 
or mitochondria. Now that the membrane is not viable, 
it allows the transit of MTT, and its reaction with the 
NADH or NADPH cofactors that are presented in the 
cytoplasm [Berridge and Tan 1993]. 

According to this and to acquire a more complete 
knowledge on these plants, further studies need to be 
conducted over the biological properties of matico and 
zarzaparrilla; these extracts could be applied in human 
liver S9 fractions (HepG2) with the aim to studying 
their metabolic behavior and activation and/or against 
several types of cancer cell being able a future natural 
chemotherapy alternative in development.

CONCLUSIONS

In this research the antioxidant and cytotoxic ac-
tivity of matico and zarzaparrilla were reported, high-
lighting its potential compared with other plants that 
are used in alternative medicine. Our results suggest 
that the flower extracts are a rich source of polyphe-
nols and secondary metabolites, which directly partic-
ipate in the high antioxidant capacity quantified by this 
study. On the other hand, its cytotoxic effect could be 
evaluated athwart several cell lines, so that it’s neces-
sary to evaluate a wide-range of concentrations than 
those used in this study, that allow reduce the amount 
of CHO-K1 cell damage. On the basis of the results 
obtained and its projections, is possible to consider 
them as (1) a rich source of antioxidants and bioac-
tive compounds, and (2) as a research objects through 
the analysis of their behavior against divers normal 
and cancer cell lines and/or in human liver S9 frac-

tions (HepG2) with the purpose to obtain data about 
the metabolic behavior of these flower extracts and its 
antitumoral potential.

ACKNOWLEDGEMENTS

The authors express their gratitude to the entities 
in charge of the Platform for Student and Academic 
Mobility of the Pacific Alliance (VIII Call): ICETEX, 
APC (Presidential Agency of International Coopera-
tion of Colombia), Colombian Ministry of Foreign 
Affairs, as well as to the Food Science Laboratory 
and to the Animal Biotechnology group (both from 
the National University of Colombia, headquarters in 
Medellín).

REFERENCES

Aaby, K., Hvattum, E., Skrede, G. (2004). Analysis of fla-
vonoids and other phenolic compounds using high per-
formance liquid chromatography with coulometric array 
detection: relationship to antioxidant activity. J. Agric. 
Food Chem., 52, 4595–4603. DOI: 10.1021/jf0352879

Al-Mustafa, A.H., Al-Thunibat, O.Y. (2008). Antioxidant 
activity of some Jordanian medicinal plants used tra-
ditionally for treatment of diabetes. Pak. J. Biol. Sci., 
11(3), 351–358. DOI: 10.3923/pjbs.2008.351.358

Arnao, M.B. 2000. Some methodological problems in the 
determination of antioxidant activity using chromogen 
radicals: a practical case. Trends Food Sci., 11, 419–421. 
DOI: 10.1016/s0924-2244(01)00027-9 

Avello, M., Pastene, E., Barriga, A., Bittner, M., Ruiz, E., 
Becerra, J. (2014). Chemical properties and assessment 
of the antioxidant capacity of leaf extracts from popula-
tions of Ugni molinae growing in continental Chile and 
in Juan Fernandez archipelago. Int. J. Pharmacogn. Phy-
tochem. Res., 6, 746–752. 

Backhouse, N., Erazo, S., Negrete, R., Rosales, L., Ramírez, 
F. (2002). San Feliciano. Avances en la búsqueda de 
compuestos antiinflamatorios y antiartríticos en especies 
chilenas: Buddleja globosa y Fabiana densa. I Congre-
so Iberoamericano de Química Fina Farmacéutica CYT-
ED, 15–19 de abril, Salamanca, España (panel).

Benzie, I.F., Strain, J.J. (1996). The ferric reducing ability 
of plasma (FRAP) as a measure of “antioxidant power”: 
The FRAP assay. Anal. Biochem., 239(1), 70–76. 

Berridge, M.V., Tan, A.S. (1993). Characterization of the Cel-
lular Reduction of 3-(4,5-dimethylthiazol-2-yl)-2,5-di-
phenyltetrazolium bromide (MTT): Subcellular Lo-
calization, Substrate Dependence, and Involvement of 



68 https://czasopisma.up.lublin.pl/index.php/asphc

Zamorano-Aguilar, P., Morales, M., Rivillas, Y., López, J., Rojano, B.A. (2020). Antioxidant activity and cytotoxic effect of Chilean 
Buddleja globosa (matico) and Ribes magellanicum (zarzaparrilla) flower extracts. Acta Sci. Pol. Hortorum Cultus, 19(6), 59–70.  
DOI: 10.24326/asphc.2020.6.5

Mitochondrial Electron Transport in MTT Reduction. 
Arch. Biochem. Biophys., 303(2), 474–482.

Bouzaiene, N.N., Jaziri, S.K., Kovacic H., Chekir-Ghedira, 
L., Ghedira, K., Luis, J. (2015). The effects of caffeic, 
coumaric and ferulic acids on proliferation, superoxide 
production, adhesion and migration of human tumor 
cells in vitro. Eur. J. Pharmacol., 766, 99–105.

Borenfreund, E., Puerner, J.A. (1985). A simple quantitative 
procedure using monolayer cultures for cytotoxicity as-
says (HTD/NR-90). J. Tissue Cult. Methods, 9(1), 7–9.

Brand-Williams, W., Cuvelier, M.E., Berset, C. (1995). Use 
of a free radical method to evaluate antioxidant activity. 
Food Sci. Technol., 28, 25–30.

Calil Brondani, J., Reginato, F.Z., Silva Brum, E., da, De 
Souza Vencato, M., Lima Lhamas, C., Viana, C., Man-
fron, M.P. (2017). Evaluation of acute and subacute 
toxicity of hydroethanolic extract of Dolichandra un-
guiscati L. leaves in rats. J. Ethnopharmacol., 202(3), 
147–153. 

Eyéghé-Bickong, H.A., Alexandersson, E.O., Gouws, L.M., 
Young, P.R., Vivier, M.A., 2012. Optimization of an 
HPLC method for the simultaneous quantification of 
the major sugars and organic acids in grapevine berries. 
J. Chromatogr. B, 885–886, 43–49. DOI: 10.1016/j.
jchromb.2011.12.011 

Fernández-Pachón, M.S., Villaño, D., Troncoso, A.M., 
García-Parrilla, M.C. (2006). Revisión de los métodos 
de evaluación de la actividad antioxidante in vitro del 
vino y valoración de sus efectos in vivo. Arch. Latinoam. 
Nutr., 5(2), 110–122. DOI: 10.1163/_q3_SIM_00374 

Fields, W., Fowler, K., Hargreaves, V., Reeve, L., Bombick, 
B. (2017). Development, qualification, validation and 
application of the neutral red uptake assay in Chinese 
Hamster Ovary (CHO) cells using a VITROCELL® 
VC10® smoke exposure system. Toxicol. In Vitro, 40, 
144–152. DOI: 10.1016/j.tiv.2017.01.001

Frankel, E.N., Huang, S.W., Kanner, J., German, J.B. (1994). 
Interfacial phenomena in the evaluation of antioxidants: 
Bulk oils versus emulsions. J. Agric. Food Chem., 42, 
1054–1059. DOI: 10.1021/jf00041a001

Gurib-Fakim, A. (2006). Medicinal plants: traditions of yes-
terday and drugs of tomorrow. Mol. Aspects Med., 27, 
1–93. DOI: 10.1016/j.mam.2005.07.008 

Houghton, P.J. (1984). Ethnopharmacology of some Bud-
dleja species. J. Ethnopharmacol., 11(3), 293–308. DOI: 
10.1016/0378-8741(84)90075-8 

Houghton, P.J. (2003). Buddleja globosa: a medicinal plant 
of Chile, their chemistry, biological activity and tradi-
tional uses. BLACPMA, 2(3), 36–41. 

Huang, D., Ou, B., Prior, R.L. (2005). The chemistry be-
hind dietary antioxidant capacity assays. J. Agric. Food 
Chem., 53(6), 1841–1856. DOI: 10.1021/jf030723c 

Jersáková, J., Jürgens, A., Smilauer, P., Johnson, S.S. (2012). 
The evolution of floral mimicry: identifying traits that 
visually attract pollinators. Funct. Ecol., 26, 1381–1389. 
DOI: 10.1111/j.1365-2435.2012.02059.x 

Jiménez-Aspee, F., Thomas-Valdés, S., Schulz, A., Ladio, 
A., Theoduloz, C., Schmeda-Hirschmann, G. (2016). 
Antioxidant activity and phenolic profiles of the wild 
currant Ribes magellanicum from Chilean and Argenti-
nean Patagonia. Food Sci. Nutr., 4(4), 595–610. DOI: 
10.1002/fsn3.323 

Kelebek, H., Selli, S., Canbas, A., Cabaroglu, T. (2009). 
HPLC determination of organic acids, sugars, phenolic 
composi- tions and antioxidant capacity of orange ju-
ice and orange wine made from a Turkish cv. Kosan. 
Microchem. J., 91(2), 187–192. DOI: 10.1016/j.mic-
roc.2008.10.008 

Koňariková, K., Ježovičová, M., Keresteš, J., Gbelcová, H., 
Ďuračková, Z., Žitňanová, I. (2015). Anticancer effect of 
black tea extract in human cancer cell lines. Springerp-
lus, 4, 127. DOI: 10.1186/s40064-015-0871-4 

Kumar, S., Pandey, A.K. (2013). Chemistry and biological 
activities of flavonoids: An overview. Sci. World J., 4(2), 
32– 48. DOI: 10.1155/2013/162750 

Ladio, A.H., Lozada, M., Weigandt, M. 2007. Comparison 
of traditional wild plant knowledge between aboriginal 
commu- nities inhabiting arid and forest environments 
in Patagonia, Argentina. J. Arid. Environ., 69, 695–715. 
DOI: 10.1016/j.jaridenv.2006.11.008 

Li, H., Wang, X., Li, Y., Li, P., Wang, H. (2009). Polyphe-
nolic compounds andantioxidant properties of selec-
ted China wines. Food Chem., 112(2), 454–460. DOI: 
10.1016/j.foodchem.2008.05.111 

Lu, J.M., Lin, P.H., Yao, Q., Chen, C. (2010). Chemical and 
molecular mechanisms of antioxidants: Experimental 
approaches and model systems. J. Cell. Mol. Med., 14(4), 
840–860. DOI: 10.1111/j.1582-4934.2009.00897.x

Lucini, L., Kane, D., Pellizzoni, M., Ferrari, A., Trevisi, E., 
Ruzickova, G., Arslan, D. (2016). Phenolic profile and 
in vitro antioxidant power of different milkthistle [Sily-
bum marianum (L.) Gaertn.] cultivars. Ind. Crops Prod., 
83, 11–16. DOI: 10.1016/j.indcrop.2015.12.023. 

Määttä, K.R., Kamal-Eldin, A., Törrönen, A.R. (2003). Hi-
gh-performance liquid chromatography (HPLC) analy-
sis of phe- nolic compounds in berries with diode array 
and electrospray ionization mass spectrometric (MS) 
detection: Ribes species. J. Agr. Food Chem., 51, 6736–
6744. DOI: 10.1021/jf0347517 

Marinova, D., Ribarova, F., Atanassova, M. (2005). Total 
phenolics and total flavonoids in bulgarian fruits and 
vegetables. J. Univ. Chem. Technol. Metall., 40(3), 
255–260. 



https://czasopisma.up.lublin.pl/index.php/asphc 69

Zamorano-Aguilar, P., Morales, M., Rivillas, Y., López, J., Rojano, B.A. (2020). Antioxidant activity and cytotoxic effect of Chilean 
Buddleja globosa (matico) and Ribes magellanicum (zarzaparrilla) flower extracts. Acta Sci. Pol. Hortorum Cultus, 19(6), 59–70.  
DOI: 10.24326/asphc.2020.6.5

Marszalek, K., Wozniak, L., Kruszewski, B., Skapska, S. 
2017. The Effect of High Pressure Techniques on the 
Stability of Anthocyanins in Fruit and Vegetables. Int. J. 
Mol. Sci., 18(2), pii: E277. DOI: 10.3390/ijms18020277 

Moon, J., Shibamoto, T. (2009). Antioxidant assays for plant 
and food components. J. Agric. Food Chem., 57(5), 
1655– 1666. DOI: 10.1021/jf803537k 

Mosmann, T. (1983). Rapid colorimetric assay for cellular 
growth and survival: application to proliferation and 
cytotoxicity assays. J. Immunol. Methods., 65(1–2), 
55–63. DOI: 10.1016/0022-1759(83)90303-4 

Muanda, F., Koné, D., Dicko, A., Soulimani, R., Younos, 
C. (2011). Phytochemical composition and antioxidant 
capacity of three malian medicinal plant parts. Evid. 
Based Complement. Alternat. Med., 8(1), 1–8. DOI: 
10.1155/2011/620862 

Muñoz, M., Muñoz, C., Godoy, I. (1986). Especies nativas 
con potencial como frutales arbustivos. IPA Carillanca, 
5(3), 32–35. 

Najmus, A.A., Whitney, P.J. (2011). Differential behaviour 
of the dinitrosalicylic acid (DNS) reagent towards mo-
noand di- saccharide sugars. Biomass Bioenergy, 35(11), 
4748–4750. DOI: 10.1016/j.biombioe.2011.09.013 

Oliveiro, T., Capuano, E., Cämmerer, B., Fogliano, V. 
(2009). Influence of roasting on the antioxidant activity 
and HMF formation of a cocoa bean model systems. 
J. Agric. Food Chem., 57(1), 147–52. DOI: 10.1021/
jf802250j 

Peña-Cerda, M., Arancibia-Radich, J., Valenzuela-Busta-
mante, P., Pérez-Arancibia, R., Barriga, A., Seguel, I., 
García, L. Delporte, C. (2017). Phenolic composition 
and antioxidant capacity of Ugni molinae Turcz. lea-
ves of different genotypes. Food Chem., 215, 219–227. 
DOI: 10.1016/j.foodchem.2016.07.159 

Pittella, F., Dutra, R.C., Junior, D.D., Lopes, M.T., Barbosa, 
N. (2009). Antioxidant and cytotoxic activites of Centel-
la asiatica (L.) Urb. Int. J. Mol. Sci., 10(9), 3713–3721. 
DOI: 10.3390/ijms10093713

Placencia, M., Núñez, M., Oliveira, G., Torrealva, L., Bonil-
la, P., Jurupe, H. (2002). Efecto antiulceroso y citopro-
tector de matico, Piper angustifolium (Perú) y Buddleja 
globosa (Chile), en animales de experimentación. An. 
Fac. Med., 63, 21–31. 

Pounis, G., Costanzo, S., Guiseppe, R., di, Lucia, F., de, 
Santimone, I., Sciarretta, A., Barisciano, P., Persichillo, 
M., Curtis, A., de, Zito, F., Di Castelnuovo, A.F., Sieri, 
S., Benedetta Donati, M., Gaetano, G., de, Iacovello, L. 
(2013). Consumption of healthy foods at different con-
tentof antioxidant vitamins and phytochemicals and me-
tabolic risk factors for cardiovascular disease in men and 
women of the Moli-sani study. Eur. J. Clin. Nutr., 67(2), 
207–213. DOI: 10.1038/ejcn.2012.201. 

Prior, R.L., Hoang, H., Gu, L., Wu, X., Bacchiocca, M., 
Howard, L., Hampsch-Woodill, M., Huang, D., Ou, B., 
Jacob, R. (2003). Assays for hydrophilic and lipophilic 
antioxidant capacity (oxygen radical absorbance capa-
city (ORACFL) of plasma and other biological and food 
samples. J. Agric. Food Chem., 51(11), 3273–3279. 
DOI: 10.1021/jf0262256 

Prior, R.L., Wu, X., Schaich, K. (2005). Standardized metho-
ds for the determination of antioxidant capacity and phe-
nolics in foods and dietary supplements. J. Agric. Food 
Chem., 53(10), 4290–4302. DOI: 10.1021/jf0502698 

Re, R., Pellegrini, N., Proteggente, A., Pannala, A., Yang, 
M., Rice-Evans, C. (1999). Antioxidant activity appl-
ying an improved ABTS radical catión decolorization 
assay. Free Radic. Biol. Med., 26(9–10), 1231–1237. 
DOI: 10.1016/S0891-5849(98)00315-3 

Romero, M., Rojano, B., Mella, J., Pessoa, C.D., Lis-
si, E., López, C. (2010). Antioxidant capacity of pure 
compounds and complex mixtures evaluated by the 
ORAC-Pyrogallol red assay in the presence of Triton 
X-100 micelles. Molecules, 15(9), 6152–6167. DOI: 
10.3390/molecules15096152 

Ruiz, A., Bustamante, L., Vergara, C., Von Baer, D., Her-
mosin-Gutierrez, L., Obando, L., Mardones, C. (2015). 
Hy- droxycinnamic acids and flavonols in native edible 
berries of South Patagonia. Food Chem., 167, 84–90. 
DOI: 10.1016/j.foodchem.2014.06.052 

Sacchetti, G., Maietti, S., Muzzoli, M., Scaglianti, M., Man-
fredini, S., Radice, M., Bruni, R. (2005). Comparative 
evaluation of 11 essential oils of different origin as fun-
ctional antioxidants, antiradicals and antimicrobials in 
food. Food Chem., 91, 621–632. DOI: 10.1016/j.food-
chem.2004.06.031 

Silva, L.M., Figueiredo, E.A., Ricardo, N.M., Vieira, I.G., 
Figueiredo, R.W., Brasil, I.M., Gomes, C.L. (2014). 
Quantification of bioactive compounds in pulps and 
by-products of tropical fruits from Brazil. Food Chem., 
143, 398–404. DOI: 10.1016/j.foodchem.2013.08.001 

Simirgiotis, M.J., Schmeda-Hirschmann, G. (2010). Direct 
identification of phenolic constituents in Boldo Folium 
(Peumus boldus Mol.) infusions by high-performance 
liquid chromatography with diode array detection and 
electrospray ionization tandem mass spectrometry. J. 
Chromatogr. A, 217, 443–449. DOI: 10.1016/j.chro-
ma.2009.11.014 

Singleton, V.L., Rossi, J.A. (1965). Colorimetry of total 
phenolics with phosphomolybdic–phosphotungstic acid 
reagents. Am. J. Enol. Vitic., 16, 144–158. 

Song, F.L., Gan, R.Y., Zhang, Y., Xiao, Q., Kuang, L., Li, 
H.-B. (2010). Total Phenolic Contents and Antioxidant 
Capacities of Selected Chinese Medicinal Plants. Int. J. 
Mol. Sci., 11, 2362–2372. DOI: 10.3390/ijms11062362 



70 https://czasopisma.up.lublin.pl/index.php/asphc

Zamorano-Aguilar, P., Morales, M., Rivillas, Y., López, J., Rojano, B.A. (2020). Antioxidant activity and cytotoxic effect of Chilean 
Buddleja globosa (matico) and Ribes magellanicum (zarzaparrilla) flower extracts. Acta Sci. Pol. Hortorum Cultus, 19(6), 59–70.  
DOI: 10.24326/asphc.2020.6.5

Song, L., Wang, X., Zheng, X., Huang, D. (2011). Pol-
yphenolic antioxidant profiles of yellow camellia. 
Food Chem., 129, 351–357. DOI: 10.1016/j.foodc-
hem.2011.04.083 

Soto, C., Caballero, E., Pérez, E., Zúñiga, M.A. (2014). Ef-
fect of extraction conditions on total phenolic content 
and antioxidant capacity of pretreated wild Peumus bol-
dus leaves from Chile. Food Bioprod. Process., 92(3), 
328–333. DOI: 10.1016/j.fbp.2013.06.002 

Torres y Torres, J.L., Rosazza, J.P. (2001). Microbial trans-
formations of p-coumaric acid by Bacillus megaterium 
and Curvularia lunata. J. Nat. Prod., 64(11), 1408–1414. 
DOI: 10.1021/np010238g 

Vogel, H., Razmilic, I., San Martín, J., Doll, U., González, 
B. (2005). Plantas medicinales chilenas: Experiencia de 
domesticación y cultivo de boldo, matico, bailahuén, ca-

nelo, peumo y maqui. Editorial Universidad de Talca, 
Talca, 171–193.

Wang, P., Henning, S.M., Heber, D. (2010). Limitations of 
MTT and MTS-based assays for measurement of an-
tiproliferative activity of green tea polyphenols. PLoS 
One, 5(4), 1–10. DOI: 10.1371/journal.pone.0010202

Wojcikowski, K., Stevenson, L., Leach, D., Wohlmuth H., 
Gobe, G. (2007). Antioxidant capacity of 55 medici-
nal herbs traditionally used to treat the urinary system:  
a comparison using a sequential three-solvent extracti-
on process. J. Altern. Complement. Med., 13, 103–109. 
DOI: 10.1089/acm.2006.6122 

Wojdylo, A., Osmianski, J., Czermerys, R. (2007). Anti-
oxidant activity and phenolic compounds in 32 selected 
herbs. Food Chem., 105(3), 940–949. DOI: 10.1016/j.
foodchem.2007.04.038 


