
Journal of Berry Research 8 (2018) 223–236
DOI:10.3233/JBR-180316
IOS Press

223

Wild Andean blackberry (Rubus glaucus
Benth) and Andean blueberry (Vaccinium
floribundum Kunth) from the Highlands
of Ecuador: Nutritional composition
and protective effect on human dermal
fibroblasts against cytotoxic
oxidative damage

Karina S. Alarcón-Barreraa, Daniela S. Armijos-Montesinosa, Marilyn Garcı́a-Tenesacaa,
Gabriel Iturraldeb, Tatiana Jaramilo-Vivancoc, Maria G. Granda-Albujad,
Francesca Giampierie and José M. Alvarez-Suarezf,∗
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Abstract.
BACKGROUND: Andean blackberries (Rubus glaucus Benth) and Andean blueberries (Vaccinium floribundum Kunth) are
wild berries consumed and commercialised by the indigenous people of the Andean regions of Ecuador.
OBJECTIVE: This study aims to determine the chemical composition and the ability of A. blackberries and A. blueberries
to protect human dermal fibroblast (HDFa) against cytotoxic oxidative damage.

∗Corresponding author: José M. Alvarez-Suarez, Universidad de Las Américas, Campus Queri, Av. de los Granados y José Queri,
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METHODS: Total phenolic, flavonoid, anthocyanins and tannins content were determined spectrophotometri-
cally, while vitamin C and carotenes were determined by HPLC. Total antioxidant capacity was determined by
the Ferric Reducing Antioxidant Power (FRAP) assay, the hydrogen peroxide scavenging activity and the DPPH
and superoxide radical scavenging capacity. HDFa was pre-treated with A. blackberries or A. blueberries crude
extract, subjected to a model of oxidative stress using the stressor 2,2’-azobis(2-amidinopropane) dihydrochlo-
ride (AAPH) and the markers of cell cytotoxic damage (intracellular ROS levels, catalase, superoxide dismutase
and glutathione activities, lipid peroxidation, protein oxidation and ATP and nitrite levels) were determined.
RESULTS: A. blueberries showed significantly high values of total phenolic, flavonoid, anthocyanin, lutein
tannin content, whilst A. blackberries showed the highest values of vitamin C and �-carotene. After HDFa was
pre-incubated with crude extracts of A. blackberries and A. blueberries, the markers of oxidative damage were
significantly improved compared with the stressed cells group. In all cases, crude extract of A. blueberries showed
a higher protective effect compared to A. blackberries.
CONCLUSION: A. blackberry and A. blueberry attenuated the oxidative damage in HDFa showing that both
fruits may represent a relevant source of bioactive compounds with promising benefits for human health.

Keywords: Andean blackberry, Andean blueberry, chemical composition, mortiño, mora andina

1. Introduction

Numerous epidemiological studies draw attention to the high correlation between a diet based on fruit and
vegetables and lower incidences of different chronic pathologies, such as diabetes, cardiovascular disease, neu-
rodegenerative diseases and cancer. The beneficial effect of this dietary pattern has been principally associated
with the contribution of different bioactive compounds, such as flavonoids, anthocyanins and vitamin C [1]. Red
fruits, especially berries, have been widely studied for their important beneficial effects on health. Berries are
a group of interest because of their high content of vitamin C, folates, anthocyanins and ellagitannins, as well
as other phenolic compounds that contribute to their high antioxidant capacity and beneficial effects on human
health [2–4].

There are accumulating studies indicating the benefits of consuming berries in counteracting the pathophys-
iological processes that predispose people to chronic pathologies, which justify the studies on this fruit group
worldwide [3–5]. Recently, South American berries have been an object of increased interest due to their chemical
composition and potential health benefits [6, 7]. The Andean blackberry and Andean blueberry are wild berries
that grow in isolation, scattered or in groups with other species in the high inter-Andean valleys of Ecuador. They
are collected, consumed and commercialised by the indigenous people of these regions and by the Ecuadorian
population in general in the form of jams, wine and boiled drinks such as “Colada morada” [7, 8]. Few stud-
ies have been carried out regarding Andean berries; for example in Ecuador, there are only a few reports that
describe their chemical composition and biological effects [9–12]. Thus, the aim of this study was to investigate
the chemical composition of two of the most representative wild berries from the Highlands of Ecuador and their
capacity to protect human dermal fibroblasts against oxidative damage as an indicator of their possible health
benefits.

2. Materials and methods

2.1. Fruit collection

The ripe, wild Andean blackberries (Rubus glaucus Benth) and Andean blueberries (Vaccinium floribundum
Kunth) (Fig. 1) were collected in the Highlands of Ecuador, located at an altitude surpassing 3000 metres above
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Fig. 1. Whole and halved Andean blackberry (Rubus glaucus Benth) (A) and Andean blueberry (Vaccinium floribundum Kunth) (B) fruits.

sea level in the provinces of Tungurahua, Pichincha and Cotopaxi. The berries were collected on two different
occasions between September and December 2016 and the specimens were identified by specialists at the Jardín
Botánico de Quito, Ecuador, using the reference samples found in the herbarium of this centre. The edible parts
of the fruits were chopped and freeze-dried; after that, samples were ground to a fine powder and stored at –20◦C
until analysis.

2.2. Spectrophotometric determination of total phenolic content (TPC), total flavonoid content (TFC), total
anthocyanins content (ACYs) and total tannins content (TTC)

A hydroalcoholic extract was obtained using a methanol-water solution (80:20, v/v) according to a previously
described method [13]. The extract was used for the studies of total antioxidant capacity (TAC), total polyphenols,
flavonoid and anthocyanin content.

TPC was determined using the Folin-Ciocalteu method [14] and results were expressed as milligrams of gallic
acid equivalents (GAEq) per gram of fresh weight (FW) of fruits (mg GAEq/g FW). TFC was determined using
the aluminium chloride method [15] and results were expressed as milligrams of catechin equivalents (CatEq) per
gram of FW of fruits (mg CatEq/g FW), whilst ACYs content was determined using a modified pH differential
method [16] and results were expressed as milligrams of Pg-3-gluc equivalents (PgEq) per gram of FW of fruits
(mg PgEq/g FW).

TTC was determined directly from the lyophilized fruit in accordance with the standard 9648 ISO [17] and
results were expressed as milligrams of tannic acid equivalents (TAEq) per gram of FW of fruits (mg TAEq/g FW).

2.3. HPLC-DAD quantificacion of ascorbic acid

Ascorbic acid was determined as previously reported [13]. In short, 10 ml of the extraction solution (metaphos-
phoric acid and acetic acid, 73/84, p/v) was added to 0.5 g of freeze-dried fruit powder. The solution obtained was
sonicated for 20 mins, filtered through a 0.45�m syringe filter and immediately analysed on an HPLC system.
Analyses were performed using an HPLC system (Agilent Technologies Series 1260, Santa Clara, California,
United States) consisting of a Quaternary Pump Agilent Technologies 1260 Infinity G1312B and a Diode Array
Detector (DAD) Agilent Technologies 1260 Infinity G1315C set at absorbances of 245 nm. An Eclipse Plus C18
(5�m, 4.6 × 150 mm) was used as the stationary phase and elution was performed with 50 mM KH2PO4 (pH
2.5) at a flow rate of 1 ml/min for 20 min and the results were expressed as mg of vitamin C per 100 g of FW of
fruits (mg Vit C/100 g FW).
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2.4. HPLC-DAD determination and quantification of carotenoid content

Carotenoid content was determined as previously reported [13]. Five grams of freeze-dried plant powder
was added to 100 ml of chloroform, stirred for 24 hours in the dark at room temperature and filtered through
a 0.45 �m Minisart filter (PBI International). The carotenoid extract was dried in a vacuum and 3 grams of
the dry residue was subjected to saponification by the reflux method using 100 ml of a KOH (5%) methano-
lic solution for 4 hours at 50 ◦C in the dark. After saponification, the extract was combined with 100 ml of
petroleum ether, then 100 ml of distilled water was added and the organic layer was collected and dried in
a vacuum in a rotary evaporator. The dried residue was dissolved in methanol-isopropanol (35:65, v/v), fil-
tered through a 0.45�m syringe filter and analysed on an HPLC system. The HPLC-DAD system (Agilent
Technologies Series 1260, Santa Clara, California, United States) consisted of a Quaternary Pump Agilent
Technologies 1260 Infinity G1312B and a Diode Array Detector (DAD) Agilent Technologies 1260 Infinity
G1315C set at an absorbance of 450 nm and equipped with a Eclipse Plus C18 (5�m, 4.6 × 250 mm) as the
stationary phase. Elution was performed with methanol-isopropanol (35:65, v/v) in an isocratic gradient at a
flow rate of 1 ml/min for 15 mins. �-carotene, lutein and lycopen contents were quantified using a calibra-
tion curve of the corresponding standard compound and the results were expressed as �g per 100 g of FW of
fruits.

2.5. Total antioxidant capacity (TAC) and superoxide radical (O2
·)− and hydrogen peroxide (H2O2)

scavenging activities

The TAC of hydroalcoholic extracts was determined using the Ferric Reducing Antioxidant Power (FRAP)
assay [18] and the 2.2-diphenyl-1-picrylhydrazyl free radical method (DPPH) [19] and results were expressed
as �mol of Trolox equivalents (TEq) per gram of fresh weight (FW) of fruits (�mol TEq per g FW) for both
assays.

Superoxide radical (O2
·−) scavenging capacities were determined based on the reduction of nitroblue tetra-

zolium into a purple-coloured diformazan [20] and the O2
·− scavenging activity was expressed as mmol of

�-tocopherol equivalents (�TEq) per g of FW of fruits (mmol �TEq/g FW). The capacity to scavenge hydrogen
peroxide (H2O2) was determined according to the method previously described [21] and results were expressed
as mmol of ascorbate equivalents (AscEq) per g of FW of fruits (mmol AscEq/g FW).

2.6. Protective effect of crude extract of berries on human dermal fibroblasts against oxidative damage

2.6.1. Cell line and treatments
Human Dermal Fibroblasts, adult (HDFa, ATCC� PCS-201-012™), were cultivated in 25cm2 flasks in

Eagle’s Minimum Essential Medium (EMEM) supplemented with 10% fetal bovine serum, 2 mM of glutamine,
and 1% penicillin-streptomycin antibiotics (100 IU/ml penicillin and 100 �g/ml streptomycin) in a humidified
atmosphere with 5% CO2 at 37◦C and the medium was changed every 2-3 days. The hydroalcoholic extracts
of both berries (Andean blackberry and Andean blueberry) were dried in a vacuum to eliminate total methanol
and the resulting crude extracts (Andean blackberry, BlackCExt and Andean blueberry, BlueCExt) were resus-
pended in EMEM to achieve the final concentration of 100 �g/ml. The stressor 2,2’-azobis(2-amidinopropane)
dihydrochloride (AAPH) (10 mM) was used as an inductor of the oxidative damage in HDFa. Control cells
were treated with EMEM only (Ctrl), Blackberry crude extract for 24 hrs (BlackCExt), Blueberry crude extract
for 24 hrs (BlueCExt), AAPH (10 mM) for 24 hrs (AAPH) and BlackCExt or BlueCExt for 24 hrs and then
with AAPH (10 mM) for 24 hrs (BlackCExt + AAPH or BlueCExt + AAPH). The effective dose/time of both
BlackCExt and BlueCExt was determined in previous cytotoxicity assays using the MTT assay and represents
the minimum concentration that showed protective effect against the citotoxic damage induced by the AAPH as
compared to the control (P ≤ 0.05) (data not shown). The cytotoxic concentration of AAPH (10 mM), used as
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oxidant, was also determined through preliminary cytotoxicity assays and was selected according to its capacity
to decrease cell vitality (∼50 %) as compared to the control (P ≤ 0.05).

2.6.2. Cell viability
Cell viability was determined using the MTT assay [22]. After each treatment, cells were washed twice with

a phosphate buffered saline solution (PBS) and incubated with a salt solution of MTT (3-[4,5-dimethylthiazole-
2-yl]-2,5-diphenyltetrazolium bromide) at a concentration of 0.5 mg/ml for 2 hours at 37◦C. Then the medium
was removed, the crystals were dissolved in dimethyl sulfoxide (DMSO) and the optical density was read at
550 nm using a microplate reader (Synergy HT, Biotek, Winooski, VT, USA). Cell viability was expressed as
the percentage of live cells as compared to controls.

2.6.3. Measurement of intracellular reactive oxygen species (ROS) levels
Intracellular ROS levels were determined using the 2′-7′-dichlorofluorescin diacetate (DCFH) kit (Merck,

Germany) according to the manufacturer’s instructions. Cells were first treated with the different treatments
previously described in section 2.7.1 and then incubated with 5 �mol/l DCFH at 37◦C for 30 mins under light
protection. Fluorescence intensity was read at an excitation wavelength of 485 nm and an emission wavelength
of 530 nm using a Microplate Reader | BioTek Instruments (Winooski, VT, USA) and results were expressed as
arbitrary units of fluorescence intensity/�g cell protein.

2.6.4. Determination of oxidative damage markers: catalase, superoxide dismutase and glutathione
activities, lipid peroxidation and protein oxidation

Cells were lysed using the RIPA buffer and then stored at –80◦C until analyses. Catalase activity (CAT)
was determined spectrophotometrically at 240 nm [23], whilst superoxide dismutase (SOD) activity was deter-
mined at 540 nm on the basis of inhibition of the formation of NADH-phenazine methosulphate-nitroblue
tetrazolium formazan by SOD [24] and results were expressed as units per milligram of protein per minute
(U/mg prot/min) for both assays. Glutathione peroxidase (GPx), glutathione reductase (GR) and glutathione
transferase (GST) [25] were also determined and results were expressed as nmol of NADPH oxidized per mil-
ligram of protein per minute (nmol of NADPH oxidized/mg protein/min) for GPx and GR and nmol CDNB-GSH
conjugate/mg protein/min for GST. Lipid oxidation damage was determined in parallel using the thiobarbituric
acid-reactive substances (TBARS) assay [26] and hydroperoxides levels [27] and the results were expressed
as �M for both assays, whilst protein carbonyl levels were analysed with the 2,4-dinitrophenylhydrazine
methods (DNPH method) [28] and results were expressed as nmol per milligram of protein (nmol /mg of
protein).

2.6.5. Measurement of cell adenosine triphosphate (ATP) levels
ATP was quantified from cells in culture using the ATP Cell Titer Glo® assay (Promega, Madison, WI, U.S.A.)

according to the manufacturer’s instructions. After treatments, the medium was removed and cells were washed
with 200 �l of PBS. 100 �l of PBS was added to each well and then 100 �l of the Cell Titer Glo reagent was
also added to each one. Cells were incubated with reagent according to the manufacturer’s instructions and
200 �l of the supernatant was transferred to the black 24-well clear-bottom plate, luminescence was determined
using a microplate reader (BioTek Instruments, Winooski, VT, USA) and results were expressed as fluorescence
units × 1000 cells.

2.6.6. Measurement of nitrite levels
The nitrite levels were determined using the Griess Reagent Kit for nitrite quantitation (Thermo Fisher Sci-

entific, USA) according to the manufacturer’s instructions. Cell supernatant (100 �l) was combined with 100 �l
of the Griess reagent and the absorption of the coloured compound formed by the interaction. NO2 –/ Griess
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reagent was determined at 550 nm using the microplate reader (BioTek InstrumentWinooski, VT, USA). NaNO2
(10–100 �M) was used as standard and results were expressed as �M of NaNO2/105 cells.

2.7. Statistical analysis

Statistical analyses were performed using IBM SPSS Statistic for Windows version 2.0. The samples were
analysed in triplicate and results are reported as mean ± standard deviation (SD). Data between different groups
were analysed statistically using a one-way ANOVA and Tukey’s post hoc test; P ≤ 0.05 was considered as
significant and P ≤ 0.01 highly significant.

3. Results and discussion

3.1. Chemical composition and total antioxidant capacity

The Andean blackberry (Rubus glaucus Benth) and Andean blueberry (Vaccinium floribundum Kunth) from
the highlands of Ecuador were studied to determine their chemical composition and protective effects on human
dermal fibroblast against oxidative damage. The contents of bioactive compounds in both fruit types are presented
in Table 1. According to the results, the Andean blackberry and Andean blueberry are relevant natural sources
of bioactive compounds with important antioxidant capacities. TPC and TFC in the Andean blackberry were
within the range of values previously reported for Andean blackberries from Ecuador [11] and blackberries from
other geographical regions [29, 30], but lower than those values reported in the United States [31]. However,
compared to other berries, the values found in Andean blackberries were in line with those values previously
reported in strawberries [2] and cherries [9, 32], whilst they were higher than those reported in raspberries [4].
The Andean blueberry showed significantly higher TPC and TFC values than in the Andean blackberry as well
as in strawberries [2], blackberries [3] and raspberries [4], while the values were in line with those previously
reported in blueberries from other geographical regions [31]. The phenolic profile in the Andean blackberry and
Andean blueberry has been previously studied, wherby researchers noted the presence of several phenolic groups
that have been associated with important healthy effects. In the Andean blackberry, phenolics acids, such as gallic
and p-coumaric acid derivates as well as proanthocyanidins and quercetin and kaempferol derivates [11] have
been reported, whilst the Andean blueberry proved to be an important source of gallic acid, hydroxybenzoic acid
derivates (vanillic and p-hydrobenzoic acid), flavan-3-ols and proanthocyanidins (cathechin and epicatechin),
flavonol derivates (quercetin and myricetin), as well as hydroxyciannamic acid derivates (chlorogenic, caffeic,
ferulic and p-coumaric acids) [12]. These compounds have been related to important health beneifts via the use
use of several biological models [33].

Within the most representative bioactive compounds in red fruits, anthocyanins represent a prominent group
which has been related to important beneficial health effects, such as their capacity to stimulate several path-
ways associated with antioxidant responses, as well as with anti-inflammatory, antiproliferative, antitumoral,
antithrombotic and antiatherosclerotic properties [33]. Similar to TPC and TFC, the ACYs content in Andean
blackberries was within the range of values previously reported in blackberries from other geographical regions
[3, 34] and other berries, such as in strawberries [35], Ecuadorian capuli cherries [36] and raspberries [4]. The
Andean blueberry showed ACYs values that were significantly higher than those values reported in Andean
blackberres as well as in strawberries [2], Ecuadorian capuli cherries [36] and raspberries [4], but the values
were within the range of those previously reported in different Vaccinium genotypes [31, 37]. The ACYs content
was also previously reported for both the Andean blackberry and blueberry, showing cyanidin and pelargonidin
glycosides as the most representative anthocyanins in the Andean blackberry [11], whilst in the Andean blueberry
only cyanidin has been reported [12].
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Table 1

Chemical composition of the Andean blackberry and Andean blueberry

Analyses A. blackberry A. blueberry

Total phenolic content (TPC) (mg GAE/g FW) 2.66 ± 0.31a 9.25 ± 1.41b

Total flavonoid content (TFC) (mg CE/g FW) 1.25 ± 0.14a 6.56 ± 0.75b

Total anthocyanins content (ACY) (mg PgEq/g FW) 0.49 ± 0.03a 1.94 ± 0.72b

Total tannins content (TTC) (mg TAEq/g FW). 0.95 ± 0.09a 4.19 ± 0.85

Vitamin C (mg Vit C/100 g FW) 92.92 ± 11.51a 45.94 ± 6.75b

Total carotenoids content (ug/100 g FW)

�-carotene content 91.79 ± 2.06a 70.63 ± 2.01b

Lutein content 538.66 ± 27.51a 866.61 ± 7.52b

Data is mean ± standard deviation. The samples were analysed in triplicate. Mean values in a

column marked with different letters are significantly different for P < 0.05.

In addition to ACYs, hydrolysable tannins have often been identified as active principles in plants [38]. TTC
was significantly higher (P ≤ 0.01) in Andean blueberries in comparison to the results reported here regarding
Andean blackberries (Table 1). Although TTC has been reported by means of more sensitive methods than the
one used in our study, when our results are compared with those, it was observed that in all cases, the values
obtained in Andean blueberries were higher than those reported in strawberries and raspberries [2, 4], whilst the
values obtained in Andean blackberries were in line with those previously reported in blackberries [3].

Red fruits are also known to be an important natural source of vitamin C. The total vitamin C content in both
fruit types was determined by HPLC-DAD analysis. In this case, the vitamin C values in Andean blackberries
were significantly higher (P ≤ 0.01) than those found in Andean blueberries (Table 1). According to the results
here exposed, the vitamin C content in Andean blackberries was higher than those values previously reported in
other blackberry cultivars, strawberries, raspberries and cherries from Ecuador [2–4, 36]. Variations in vitamin
C content in fruits have been associated with various factors, such as the degree of maturity and storage and
climatic conditions (including temperature and radiation). Ascorbate is a major metabolite in plants, with an
important function as an antioxidant that, associated with other antioxidants, protects plants against oxidative
damage [39]. The high inter-Andean valleys of Ecuador are located at an altitude surpassing 3000 metres above
sea level, with average temperatures of 6◦C to 8◦C during the day, which can drop to 0◦C during the night [40,
41]. Therefore, we assume that the high vitamin C content in Andean blackberries could be associated with the
critical environmental conditions to which the berries are exposed.

The carotenoid content in both berry types is present in Table 1. The results here exposed clearly show the
differences in the carotenoid composition between both berry types. We found significantly higher carotenoid val-
ues (P ≤ 0.01) in Andean blueberries than in Andean blackberries. Lutein was the most predominant carotenoid,
which is in agreement with Marinova and Ribarova’s study [42]. However, our results differ with those previ-
ously reported by the aforementioned authors, as they reported that blackberries had higher carotenoid contents
(440�g/100 g) than blueberries (290�g/100 g) [42]. In our opinion, this difference could be due to the differences
in the ecosystems in which these plants grow. Andean blueberries grow at higher altitudes (3000 m above sea
level) and are constantly exposed to high levels of radiation and low temperatures (between 6 and 8◦C) [40], as
compared to other blueberries which grow mostly in warmer periods (May to August) at lower altitudes. The
Andean blueberry also presented a higher carotenoid content than other berries, such as capuli cherries from
Ecuador [36], strawberries, raspberries, redcurrants and blackcurrants from Bulgaria [42] and other berries from
different geografical regions [43]. Although berries are not considered to be a representative source of carotenoids
and since data in literature about carotenoid content in berries is limited, we consider the results here exposed to
be significant. Our results show that in the Andean berries here studied, the carotenoid content could be compared
and equated with other berries and tropical frutis [42, 43]. These results could also support the hypothesis that



230 K.S. Alarcón-Barrera et al. / Nutritional composition and protective effect on HDFa of wild Ecuadorian Andean berries

Fig. 2. Total antioxidant capacity (FRAP and DPPH assay) (A) and O2
·− and H2O2 radical scavenging activities (B) of the Andean blackberry

and Andean blueberry crude extracts. Results are reported as mean ± SD of three experiments. **P ≤ 0.01, significant differences compared
to the Andean blackberry. Superoxide radical (O2

·−) scavenging capacities were expressed as mmol of �-tocopherol equivalents (�TEq) per
g of FW (mmol �TEq/g FW), whilst the capacity to scavenge hydrogen peroxide (H2O2) was expressed as mmol of ascorbate equivalents
(AscEq) per g of FW (mmol AscEq/g FW).

the carotenoid content in Andean berries could contribute significantly to their biological properties, in addition
to other predominant bioactive compounds, such as anthocyanins and vitamin C.

The TAC of hydroalcoholic extracts, as well as the capacity to scavenge and activity against O2
·− and H2O2,

was also determined (Fig. 2). According to the result here exposed, both hydroalcoholic extracts were efficient
electron donors, being able to reduce Fe3+ to Fe2+ as well as to quench the DPPH·, H2O2 and O2

·− radicals. In
all the TAC assays, the results in Andean blueberries were significantly highly (P ≤ 0.01) than those in Andean
blackberries (Fig. 2A and B). Our results are in agreement with those previously reported by other authors [6,
7, 11]. On the other hand, both berry types had higher TAC values than other fruits from Ecuador [44] and other
geographical regions [29, 30, 32, 45].

3.2. Protective effect againts oxidative damage in HDFa

Berry fruits have been reported as an important natural source of bioactive compounds with important health
effects [2–4]. However, while the properties related to the health and chemical composition of berries that are
commonly consumed in North America and Europe have been widely studied, in the case of the Andean berries,
as in Ecuador, they are still generally unknown. There are few reports about the chemical composition of Andean
berries [11, 12], while studies related to its healthy effects are even scarcer [10, 36]. Here, to the best of our
knowledge, we present the first report about the protective effect of two of the most representative Ecuadorian
berries against the oxidative damage using an in vitro cellular model of human dermal fibroblasts (HDFa).
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The protective effect of both BlackCExt and BlueCExt was evidenced when HDFa cells were incubated with
BlackCExt or BlueCExt for 24 hrs before inducing the oxidative damage with AAPH for 24 hrs. Pre-incubation
with BlackCExt or BlueCExt was able to increase cell vitality compared to cells treated with AAPH (P ≤ 0.01),
where BlueCExt showed a more protective effect compared to BlackCExt (P ≤ 0.05) (data not shown).

The pre-incubation with BlackCExt and BlueCExt was able to significantly reduce the intracellular ROS levels
compared with the AAPH-stressed cells (Fig. 3A), where BlueCExt significantly reduced the intracellular ROS
levels compared to BlackCExt (P ≤ 0.05) and respect to the cells treated with AAPH (P ≤ 0.01). Cellular ATP
levels were also measured to determine mitochondrial damage in cells (Fig. 3B). Similar to the above results, the
treatment with AAPH significantly decreased (P ≤ 0.01) the ATP levels with respect to the control cells, which
showed significant damage to mitochondrial functionality. However, when cells were incubated with BlackCExt
or BlueCExt, these levels were significantly improved (P ≤ 0.01) compared with the AAPH stressed cells, where
BlueCExt once again showed the best protection capacity compared to BlackCExt (P ≤ 0.05). Our results are
in agreement with those previously reported that demonstrated the protective effect of several berry extract and
honey against mitochondrial oxidative damage mediated in HDFa [9, 13].

BlackCExt and BlueCExt were also able to protect macromolecules and the antioxidant enzymes against the
oxidative damage in HDFa cells (Table 2). When HDFa cells were pre-incubated with BlackCExt or BlueCExt,
the oxidative damage in lipids and proteins was significantly lower (P ≤ 0.05) when compared with the AAPH-
stressed cells. AAPH treatment also significantly affected the activity of the GPx, GST and GR antioxidant
enzymes compared to the control (P ≤ 0.05); however, their activity was significantly improved (P ≤ 0.05) in
comparison to the AAPH-stressed cells when HDFa cells were pre-incubated with BlackCExt or BlueCExt
(Table 2). In all cases, BlueCExt showed the best protective effects compared with BlackCExt (P ≤ 0.05). Our
results are in agreement with those previously exposed that demonstrated the efficacy of berries against oxidative
damage, highlighting their ability to exert direct antioxidant effects by scavenging reactive oxidant species and
to improve antioxidant defenses [9, 13] through the activation the AMP-activated protein kinase signalling
cascade, reinforcing the hypothesis about the direct effect of polyphenols in the molecular pathways related to
the antioxidant response [46].

The capacity of BlackCExt and BlueCExt to protect againt oxidative damage could also be associated with the
capacity of certain bioactive compounds, such as polyphenols, to reduce intracellular ROS levels and to protect
macromolecules, such as DNA, lipids and proteins, against oxidative damage [1]. Recently, it has been suggested
that polyphenol activity could be linked to the modulation of different molecular pathways related to antioxidant
response, such as the activation of the gene transcription of nuclear factor-erythroid 2-related factor 2 (Nrf2),
regulating the response of antioxidant enzymes such as catalase and superoxide dismutase [47]. Polyphenols
could also act indirectly on the activation of the AMPK/SIRT1(5´-adenosine monophosphate-activated protein
kinase/sirtuin 1) signaling cascade, increasing cellular metabolism, mitochondrial biogenesis and functionality
[5], and in this way justifying their protective effect against oxidative damage.

Since nitrite is a well-known mediator of normal tissue repair [48], the ability of BlackCExt and BlueCExt
to induce nitrite production in HDFa was studied to determine their capacity to induce tissue repair (Fig. 3C).
When HDFa cells were stressed with AAPH, the nitrite levels significantly decreased (P ≤ 0.01) compared to
control cells, indicating the possible damage to tissue repair that can cause oxidative stress. However, when HDFa
were pre-incubated with both BlackCExt and BlueCExt, the nitrite levels were significantly higher compared to
AAPH-stressed cells (P ≤ 0.01), which allows us to infer the capacity of BlackCExt and BlueCExt to induce a
repair of the dermal tissue affected by oxidative damage. The capacity of several steroidal glycosides from Easter
lily (Lilium longiflorum Thunb.) bulbs or Manuka honey to promote dermal fibroblast migration in vitro through
the stimulation of nitrite production has been previously reported [49, 50]. Therefore, our results could explain, to
a certain degree, the possible topical use of both extracts to promote cellular migration and proliferation against
tissue oxidative damage to promote skin tissue repair.

In conclusion, the results here exposed demonstrate that the Andean blackberry and Andean blueberry, similarly
to others berries, represent an important dietary source of bioactive compounds, such as polyphenols, carotenes
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Fig. 3. Intracellular ROS (A), ATP (B) and NO levels (C) in HDFa cells. Cont (Control cells), treatment with Andean blackberry and Andean
blueberry crude extracts (BlackCExt or BlueCExt), treatment with the stressor AAPH (AAPH), and pre-treatment with BlackCExt or
BlueCExt and then stressed with AAPH (BlackCExt + AAPH; BlueCExt + AAPH). Results are reported as mean ± SD of three experiments.
∗P ≤ 0.05, ∗∗P ≤ 0.01, significant differences compared to control; #P ≤ 0.05, ##P ≤ 0.01, significant differences between AAPH and pre-
treatment with BlackCExt or BlueCExt and $P ≤ 0.05, $$P ≤ 0.01, significant differences between BlackCExt or BlueCExt pre-treatment.
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and vitamin C. To the best of our knowledge, this study is the first research data related to the ability of both
the Andean blackberry and Andean blueberry to counteract oxidative stress in human dermal fibroblasts due to
their capacity to efficiently reduce intracellular ROS levels and improve antioxidant defences and mitochondrial
funtionability in AAPH-treated cells. BlueCExt showed a higher effect compared to BlackCExt, which could be,
to a certain extent, due to the high content of bioactive compounds such as flavonoids and anthocyanins found
in this fruit. The results obtained in this study may serve as a basis for future animal or human studies designed
in order to confirm the potential of these fruits for the prevention of oxidative damage and skin injury and justify
their use as a source of bioactive compounds with relevant health benefits.
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