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Abstract.
BACKGROUND: Obesity occurs due to a positive energy imbalance, leading to the expansion of adipose tissue. This
phenomenon triggers a chronic low-grade inflammatory state, which is associated with comorbidities development. It is,
therefore, of great interest to investigate new counteracting nutritional strategies. In this regard, polyphenol-rich Chilean native
fruits, Aristotelia chilensis (Maqui) and Berberis microphylla (Calafate), and also the non-Chilean Vaccinium corymbosum
(Blueberry), have been associated with antioxidant and anti-inflammatory features.
OBJECTIVE: To evaluate Maqui, Calafate, and Blueberry aqueous extracts treatments on the pathogenic response of human
activated macrophages and visceral adipocytes.
METHODS: THP-1 monocyte human cell line and differentiated human visceral preadipocytes were activated (with
lipopolysaccharide and TNF-�, for 48 and 24 h, respectively), and treated with the aqueous extracts. Inflammation and
oxidative stress markers were assessed.
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RESULTS: Lower NO and IL-6 secretion, and inhibited apoptosis in activated macrophages, were observed. Also, decreased
gene expression of MCP-1 and secretion of IL-6, inhibited apoptosis, and increased levels of GSH in activated adipocytes
were detected.
CONCLUSIONS: Maqui, Calafate, and Blueberry extracts showed anti-inflammatory and antioxidant responses in human
macrophages and adipocytes.

Keywords: Aristotelia chilensis, berberis microphylla, vaccinium corymbosum, adipocytes, macrophages, polyphenols,
inflammation

1. Introduction

Obesity is one of the major concerns for public health systems around the globe. This pathology of multi-
factorial cause is characterized by an excessive accumulation of body fat, in detriment of population health [1].
As a consequence, there is an increase of the triglyceride deposits in white adipose tissues (WAT), mediated by
hyperplasia and hypertrophy of adipocytes [2]. Additionally, the WAT increases lead to increased macrophage
infiltration, angiogenesis, and extracellular matrix overproduction, all of which are determinant in tissue remod-
eling [3]. Also, this tissue expansion promotes endoplasmic reticulum stress, cell hypoxia, and oxidative stress by
overproduction of reactive oxygen species (ROS) [4]. Alternatively, the endocrine function of WAT is modified by
macrophage infiltration, especially by the ones that exhibit an M1 polarization (cytotoxic and pro-inflammatory
phenotype), which is a common trait in obesity [5]. These changes in the expression and secretion profiles of
adipokines in WAT lead to an increase of the production of inflammatory factors, such as tumor necrosis factor-
alpha (TNF-�), IL-6, nitric oxide (NO) and monocyte chemoattractant protein 1 (MCP-1), and a decrease of
anti-inflammatory factors like adiponectin and IL-10 [6, 7]. In this way, the macrophage-adipocyte interaction
causes an inflammatory state, which enhances the concomitant hypertrophy, lipolysis and inhibits adipogenesis
in WAT, setting the distinctive low grade, chronic pro-inflammatory state in obesity that plays a pivotal role in
insulin resistance development [8, 9]. Oxidative stress and inflammation are critical factors in the development of
metabolic diseases. Thus, new therapeutic strategies by the use of anti-inflammatory agents could prevent adverse
obesity-associated consequences, like insulin resistance. In this context, it has been described that polyphenols,
mainly anthocyanins, exhibit high antioxidant capacity, and cardioprotective, anti-cancer, anti-inflammatory
and anti-diabetic effects as well [10–13]. Additionally, it is documented that the anti-inflammatory effect is
caused, e.g., through decreased NO production and inducible nitric oxide synthase (iNOS) and cyclooxygenase
2 (COX-2) expression in lipopolysaccharide (LPS)-stimulated RAW264.7 macrophages [14]. Also, inhibition of
adipogenesis and lipidic accumulation in 3T3-L1 adipocytes in vitro have been reported [14]. Some polyphenol-
rich food matrices have been shown to present these features. For example, manuka honey has been observed to
block LPS stimulation over inflammation (TNF-�, IL-1�, and IL-6, related to NF-κB activation) and oxidative
stress-related (NO and ROS, related to inhibition of antioxidant enzymes and Keap1-Nrf2 signaling pathway)
markers, on RAW264.7 cells [15]. Moreover, a strawberry extract has been shown to present important antioxi-
dant properties on 3T3-L1 cells, by suppressing ROS production, decreasing lipoperoxidation, and inducing the
activity of antioxidant enzymes [16].

On the other hand, native Chilean fruits, such as Maqui (MA, Aristotelia chilensis) and Calafate (CA, Berberis
microphylla) contain high anthocyanin content [17]. Also, a widely revised specie, Blueberry (BL, Vaccinium
corymbosum), it has been described to contain higher amounts of these compounds within its fruits [18]. Extracts
of MA have been observed to present anti-inflammatory effects on human colorectal cancer cells by suppressing
NO release and inhibition of iNOS, NF-κB, and COX-2 protein expression [19]. Moreover, in vitro studies in
mice macrophage and adipocytes revealed that treatments with MA and CA extracts were able to block oxidative
stress inflammation and insulin resistance development [20, 21]. Also, anthocyanin-enriched fractions from
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fermented blueberry beverages have shown similar results in the same in vitro model [22]. Aiming to replicate
the latter results in an in vitro study with human cells, the objective of this work is to assess the inhibition of
the inflammatory response mediated by the adipocyte-macrophage interaction in obesity and insulin-resistance
development, by treatment with berry extracts.

2. Materials and methods

2.1. Fruit extracts preparation and characterization

Fruits of MA, CA, and BL were obtained from SAAUTCHILE (Valdivia, Chile). The extracts were obtained
by methanol:water (1 : 1) extraction, followed by a concentration step in a rotary evaporator. Then, the rota-
evaporated product was resuspended in water. The total polyphenol content of the extracts was measured by
Folin-Ciocalteu colorimetric method [23] and expressed as gallic acid equivalents (GAE). Anthocyanin content
was assessed by differential pH method [24]. Absorbance was recorded at 515 and 700 nm with pH 1.0 and 4.5
buffers (respectively), using a molar extinction coefficient of 26,900. Results were expressed as mg cyanidin-3-
glucoside equivalents (C3GE). Finally, total antioxidant capacity was determined by the ferric reducing ability
of plasma (FRAP) [25], at 593 nm. Results are expressed as mmol Fe+2.

2.2. Human macrophage cell line culture and treatments

THP-1 monocyte human cell line was obtained from the Immunology Department of the Biomedical Sciences
(ICBM, Universidad de Chile, Santiago, Chile). Monocytes were cultured in RPMI 1640 media supplemented
with fetal bovine serum (FBS) 10% v/v, penicillin (100 U/mL), and streptomycin (100 �g/mL) until reaching
1 × 106 cells per well. Monocyte differentiation and macrophage activation methods were based on the work of
Harrison et al. and Wang et al. [26, 27]. Briefly, THP-1 cells were differentiated by incubation on 100 nM phorbol-
12-myristate-13-acetate, at 37◦ C and 5% v/v CO2 for 48 hours. Differentiation efficiency was assessed by the
adhesion of macrophages to the culture plate. Then, cells were pre-treated with 100 �M total polyphenols of
each extract for 2 hours. This concentration was already tested before but on murine cells [20, 21]. The treatment
with this concentration means the incorporation of (per ml): 0.99 mg (MA), 1.40 mg (CA), 1.53 mg (BL), of each
extract. Finally, cells were treated with 5 �g/mL LPS for 48 hours. A no-LPS control was included. At the end of
the treatment, cells were stored and processed for cytokine gene expression and caspase-3 activity assays. The
culture media was stored and processed for assessment of NO release, cytokine secretion, and cell viability.

2.3. Human adipocyte cell line culture and treatments

Human visceral preadipocytes (Lonza, New Jersey, USA) were isolated from visceral adipose tissue from
a 92 years old female donor, with a BMI of 19 kg/m2. Culture procedures were performed according to [28],
and manufacturer indications. Pre-adipocytes were cultured in PBM-2 growth medium, supplemented with 10%
v/v FBS, 2 mM L-glutamine and 37 ng/mL GA-1000 SingleQuots™, until 5 × 104 cells per well were reached.
Preadipocyte differentiation was achieved by stimulation with differentiation medium, which contains PBM-2,
PGM™ SingleQuots™, supplemented with indomethacin, 3-isobutyl-1-methylxanthine, dexamethasone, and
h-insulin, using supplier-recommended concentrations. We differentiate adipocytes for 9 days, and then were
pre-treated with 100 �M total polyphenols from each extract for 1 hour, and finally with 4 ng/mL of TNF-� for
24 hours. At the end of the treatment, cells were stored and processed for adipokine gene expression, glutathione
levels, antioxidant enzymes, and caspase-3 activity assays. The culture media was stored and processed for
assessment of adipokine secretion and cell viability.
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2.4. Gene expression assays

Procedures were performed according to a previously published protocol [20]. Total RNA was obtained by
using Trizol (Invitrogen, Paisley, UK) using manufacturer indications. The concentration of RNA (ng/�L) was
determined by 260 nm absorbance measurement in a NanoQuant, infinite M200PRO spectrophotometer (TECAN,
Männedorf, Switzerland). Then, samples were treated with the DNA-Free™ Kit (Ambion, Austin, USA). cDNA
was synthesized by reverse transcription with the High Capacity cDNA Reverse Transcription Kit (Applied
Biosystems, Carlsbad, USA), by supplier specifications. Real-time PCR was performed in a Stratagene Mx3000P
System (Agilent Technologies, Santa Clara, USA). RT-PCR reactions were made in duplicates following gene
expression assays protocols from TaqMan® probes (Applied Biosystems, Carlsbad, USA) (supplementary data:
Table S1). Gene expression was normalized with �-actin expression, and the relative expression of each gene
was determined by the 2–��Ct method [29].

2.5. Cell viability and apoptosis assay

Cell viability was determined with lactate dehydrogenase activity (LDH), which is a cytotoxicity marker.
Levels of LDH activity were measured by the LDH Cytotoxicity Assay kit (Cayman Chemical Company, Ann
Arbor, USA), a colorimetric assay. Apoptosis was determined with a modified Caspase-3 fluorescence assay kit
(Cayman Chemical Company, Ann Arbor, USA), following supplier instructions, and as we performed previously
in our laboratory [20].

2.6. Determination of oxidative stress/status

Reduced glutathione (GSH), oxidized glutathione (GSSG) and GSSG/GSH ratio were determined using
trypsinized cells washed with 5% sulfosalicylic acid. Total glutathione (TG), GSSG, and GSH were deter-
mined by Griffith kinetic method [30]. GSSG was measured after treatment with 4-vynilpyridine [31]. GSH was
determined by the calculation of the difference between TG and GSSG.

2.7. Determination of antioxidant enzymes

The activity of superoxide dismutase (SOD) and catalase (CAT) antioxidant enzymes were determined using
the colorimetric Superoxide Dismutase Assay and Catalase Assay kits, respectively, following manufacturer
indications (Cayman Chemical Company, Michigan, USA).

2.8. Release of nitric oxide

The nitrite NO2
– levels were determined through the Griess colorimetric assay, following supplier indications,

and as previously performed in our laboratory [21]. 200 �L of 1 : 1 solution was loaded considering culture
medium and Griess reagent (Sigma-Aldrich Chemical Co., San Luis, USA) at 4% w/v, and incubated for 15
minutes in the dark to read at 540 nm using spectrophotometry (NanoQuant, infinite M200PRO, TECAN).

2.9. Analysis of protein secretion of adipokines and cytokines: Multiplex assays

MCP-1, adiponectin and IL-6 secretion were determined using MILLIPLEX® MAP Human Adipocyte
Magnetic Bead Panel (Merck Millipore, Darmstadt, Germany), following supplier instructions and as previ-
ously performed by our group [20], using Luminex® xMAP® technology (Virology Department of Biomedical
Sciences, ICBM, University of Chile).
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2.10. Statistical analysis

Data are presented as means ± SD. Differences were evaluated by one-way ANOVA, followed by Tukey
posthoc test. All analyses were performed on Graphpad Prism 6.0 (GraphPad Software Inc., San Diego,
USA).

3. Results and discussion

3.1. Berries extracts characterization

Total polyphenols concentrations were: MA: 1906.5 ± 73.2; CA: 1344.2 ± 10.5; BL: 1229.6 ± 20.9 mg
GAE/100 g of dry weight. The levels observed were lower than the ones observed in previous works [32–34].
This difference could be due to the use of a non-acidified extraction. Anthocyanin content was MA: 72.7 ± 0.1;
CA: 31.5 ± 0.8; BL: 20.1 ± 1.2 mg C3GE/100 g of dry weight. According to previous data, the total anthocyanin
content of these fruits ranges between 0.122–0.87 g/100 g fresh weight [17]. Considering a 5-times concentration
estimation from fresh to dry matter, our data are above 16× of this previous report. Again, this difference could
be attributable to differences in the extraction procedure and the raw material source. Total antioxidant capacity
was: MA: 38.9 ± 1.7; CA: 11.7 ± 1.8; BL: 5.9 ± 0.1 mmol Fe+2/100 g dry weight. Lower values of FRAP has
been reported before [35]. This difference could be attributable to the experimental procedures, e.g., extraction
duration. Specific anthocyanins presented on all three extracts were determined in a previously published work
by our group [20], and match with the data reported by others [36].

3.2. In vitro effect of berries extracts on LPS-activated human macrophages: Gene expression and protein
secretion of inflammation markers

The NO release, corrected by cell viability, did not show any differences in CA nor BL treatments related
to the active condition, but MA treatment did. MA was able to counteract LPS-induced NO release (Fig. 1A).
When the effects of the fruits extracts over gene expression of inflammatory markers were assessed, it was not
observed any change in any of the treatments (Fig. 1B and 1C), excepting IL-10 gene expression, which showed
a reduction in the BL treatment in regards of the LPS-activated condition (Fig. 1D). Additionally, there was a
significant increment in IL-6 secretion in LPS-activated condition, which was reversed by CA and BL treatments
(Fig. 1E), achieving control-like levels.

Thus, fruit extracts present an anti-inflammatory effect in LPS activated human macrophages in vitro. Similar
anti-inflammatory effects were observed in previous studies using CA, MA, and BL extracts, with LPS activated
RAW264.7 murine macrophages, mouse 3T3-L1 adipocyte conditioned media, and co-culture between these
cells in vitro [21]. Moreover, macrophages can acquire different polarization phenotypes, each with a distinctive
expression pattern of cytokines, surface markers, and metabolic enzymes, depending on the activating stimuli
[5]. Healthy adipose tissue contains M2 macrophages, which secretes anti-inflammatory cytokines, such as IL-
10 [37]. In the obesity state, when lipid accumulation occurs in the adipose tissue, macrophages switch their
polarization pattern, from M2 to M1 types, in which pro-inflammatory cytokines are secreted, such as TNF-�,
and IL-6. Also, it produces reactive nitrogen species, like NO, by the activation of iNOS [5].

Regarding analyzed cytokines, TNF-� gene expression did not present significant variations when control
or pre-treatments with LPS activated conditioned media were compared. However, in CA or BL presence, an
increase of its expression regarding control was observed, but displaying significant data dispersion, which
hinders its analysis. It is proposed that TNF-� could be regulated at the post-transcriptional level [38], as a
compensatory mechanism of endotoxemia [39]. However, this finding needs further research. Although there
were no changes observed on IL-6 transcript levels, an increase in the secretory levels of IL-6 by treatment
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Fig. 1. Anti-inflammatory effects of berries extract on in vitro LPS-activated human macrophages. THP-1 monocyte human cells were
differentiated and then pre-treated with 100 �M total polyphenols of each extract for 2 hours. Finally, they were treated with 5 �g/mL LPS
for 48 hours. Cells and culture media were saved for further determinations. (A) Nitric oxide (NO) release, (B) TNF-� gene expression,
(C) IL-6 gene expression, (D) IL-10 gene expression, and (E) IL-6 release, were assayed. Data (n = 5–6) were expressed as mean ± SD and
analyzed with one-way ANOVA followed by Tukey posthoc tests. NO, nitric oxide; C, control; LPS, lipopolysaccharide; MA, Maqui; CA,
Calafate; BL, Blueberry. Different letters showed a statistical significance of at least p < 0.05.

with LPS, which was counteracted by CA treatment, was detected, demonstrating an anti-inflammatory
response.

Regarding IL-10, if the profile of M1 macrophages is considered, a decrease of its levels is expected, due
to its anti-inflammatory action. However, the results showed a surprising LPS-induced augmented expression
of IL-10, which was countered by BL presence, and partly by MA and CA. On this subject, an inflammatory
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Fig. 2. Berries treatments prevent LPS-induced caspase-3 increased activity. THP-1 monocyte human cells were differentiated and then
pre-treated with 100 �M total polyphenols of each extract for 2 hours. Finally, they were treated with 5 �g/mL LPS for 48 hours. Cells and
culture media were saved for further determinations. (A) Cell viability determined by LDH activity, (B) Caspase-3/total protein, and (C) Cell
viability vs. Caspase-3 activity, were assayed. Data (n = 4–6) were expressed as mean ± SD and analyzed with one-way ANOVA followed
by Tukey posthoc tests. C, control; LPS, lipopolysaccharide; MA, Maqui; CA, Calafate; BL, Blueberry; r, Pearson correlation coefficient.
Different letters showed a statistical significance of at least p < 0.05.

effect of IL-10 in humans, induced by endotoxemia [40, 41], and a switch in macrophage polarization produced
by high fat diet-induced inflammation in mice [42], were reported. This polarization is an inflammatory M2b
type, different from the classic M1 activation, which presents high IL-10 secretion [43]. The latter could explain
the presented results, as the switch of macrophage polarization to M2b type releases pro-inflammatory IL-10.
According to the above, the BL effect could be anti-inflammatory in the presence of LPS. Summarizing, there is
an apparent inflammatory phenotype induced by LPS on human macrophages, and an anti-inflammatory effect
mediated by MA in terms of cell death and viability, and also mediated by MA in terms of NO secretion and
regulated by CA and BL in terms of IL-6 secretion.

3.3. In vitro effect of berries extracts on LPS-activated human macrophages: Cell viability and apoptosis

LPS treatment decreased macrophages cell viability, an effect reversed by the treatment with MA and BL
extracts (Fig. 2A). Caspase-3 activity was increased in LPS-activated macrophages, and all extracts treatments
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were able to prevent this increment (Fig. 2B). Besides, a significant negative correlation (r = –0.6519; p = 0.0002)
between cell viability and caspase-3 activity was detected (Fig. 2C).

It is reported that there is a link between macrophage activation processes and apoptotic events modulation.
Activation of iNOS and the subsequent liberation of NO has been linked with apoptosis induction in macrophages
[44–46]. A negative linear correlation between cell viability and apoptosis were observed. The latter results can
hint that there is a loss of cell viability by NO-mediated apoptosis, and the presence of the extracts counters that
effect. In this regard, a protective cell viability effect by CA has been observed before in leukocytes against ROS
production [47].

3.4. In vitro effects of berries extracts in TNF-α activated human adipocytes: Gene expression and protein
secretion of inflammatory markers

TNF-�-activated adipocytes showed an increase in MCP-1 gene expression and secretion. When the treatment
effects were assessed, BL was the only extract which reverted the MCP-1 gene expression increase entirely
(Fig. 3A), while MA and CA did it partially. Moreover, all three extracts prevented MCP-1 secretion par-
tially (Fig. 3B). TNF-� also incremented IL-6 expression and secretion. No significant preventing effect by
the extracts was observed on its gene expression (Fig. 3C), but all treatments did it on its secretion (Fig. 3D).
No effects were observed either by TNF-� or extracts on adiponectin gene expression and secretion (Fig. 3E
and 3F).

It has been reported that while adipocyte hypertrophy progresses through obesity, there is an increase in
metabolic stress, induction of apoptosis, secretion of inflammatory mediators (MCP-1 and IL-6), and decreased
adiponectin secretion, all of which stimulates macrophage infiltration on the adipose tissue [48]. These conditions
boost the inflammatory response, either through NF-κB-dependent or independent pathways [49]. In the presented
experimental model of in vitro TNF-� activated human adipocytes, MCP-1 shows an increased expression and
secretion upon TNF-� stimulus, which was not alleviated by the fruit extracts presence, except for BL in gene
expression. Besides, the expression and secretion of IL-6 were induced by TNF-� significantly, lowering its
secretion upon pre-treatment with all extracts. Finally, expression and secretion of adiponectin did not show
any variations between TNF-� stimulation, control, and berries extracts exposure. Results regarding adipokines
could be contrasted with another study in which the expression of mitogen-activated protein kinase 1 (MKP-1)
was compared with the expression of proposed inflammatory markers at different times of 3T3-L1 adipocyte
hypertrophy (8, 15 and 21 days) [50]. It is deducted that expression and secretion of adiponectin did not present
changes because the hypertrophy induction time with the inflammatory stimulus was too short (10 days) to be
detected. Thus, it does not mean that TNF-� does not participate in its modulation. In that study, a significant
decrease in adiponectin expression after 15–21 days of hypertrophy induction, and a significant decrease in its
secretion after 8–15 days of hypertrophy induction [50] were observed, which correlates with MKP-1 inhibition.
Adding to the above, previous results obtained by our group with a co-culture model with RAW264.7 macrophages
and 3T3-L1 adipocytes proved that hypertrophy could be induced in a shorter period to observe a decrease in
adiponectin expression in regards of control. However, it requires the presence of higher pro-inflammatory stimuli
[21]. The graphed data shows high dispersion in expression and secretion of adiponectin, which can be linked
with a premature measurement.

3.5. In vitro anti-inflammatory effects of berries extracts in TNF-α activated human adipocytes: Cell
viability and apoptosis

There were no changes observed on adipocytes viability (Fig. 4A). Nonetheless, there was detected a decrease
in caspase-3 activity induced by all treatments, reverting to the control levels (Fig. 4B). Finally, no significant
correlations were observed between cell viability and caspase-3 activity (r = –0.284; p = 0.254) (Fig. 4C).



A. Ovalle-Marin et al. / Berries extracts block inflammation in vitro 539

Fig. 3. In vitro anti-inflammatory effects of berries extracts in TNF-� activated human adipocytes. Human visceral preadipocytes were
differentiated, pre-treated with 100 �M total polyphenols from each extract for 1 hour, then primed 24 hours with 4 ng/mL of TNF-�.
Cells and culture media were saved for further determinations. (A) MCP-1 gene expression, (B) and release, (C) IL-6 gene expression,
(D) and release, (E) Adiponectin gene expression, (F) and release, were assayed. Data (n = 4) were expressed as mean ± SD and analyzed
with one-way ANOVA followed by Tukey posthoc tests. C, control; MA, Maqui; CA, Calafate; BL, Blueberry. Different letters showed a
statistical significance of at least p < 0.05.

A study in which human preadipocytes and adipocytes with TNF-� in different concentrations, at 24 hours
maximum, showed an increase in apoptosis levels (5–25%) compared to non-activated control (0–2.3%) [51].
Thus, a decrease in cell viability and an increase in apoptosis should be expected in the present study. However,
cell viability results did not present significant changes when cells were activated with TNF-� related to control or
pre-treatment with extracts, suggesting that there is no cell death in regard to TNF-� stimulus, neither activation
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Fig. 4. Effects of berries extracts on adipocytes viability and death. Human visceral preadipocytes were differentiated, pre-treated with
100 �M total polyphenols from each extract for 1 hour, then primed 24 hours with 4 ng/mL of TNF-�. Cells and culture media were saved
for further determinations. (A) Cell viability determined by LDH activity, (B) Caspase-3/total protein, and (C) Cell viability vs. caspase-3
activity, were assayed. Data (n = 3–4) were expressed as mean ± SD and analyzed with one-way ANOVA followed by Tukey posthoc tests.
C, control; MA, Maqui; CA, Calafate; BL, Blueberry; r, Pearson correlation coefficient. Different letters showed a statistical significance of
at least p < 0.05.

of survival mechanism in the presence of the extracts. Induction of apoptosis by TNF-� stimulation is observed,
which is reversed by pre-treatment with all extracts, in concordance with literature [51]. Hence, MA, CA, and
BL had anti-inflammatory effects in terms of apoptosis, IL-6, and MCP-1 secretion. In this regard, it has been
described before important anti-inflammatory features of anthocyanins on mice adipocytes [52, 53], that match
with previously published ones from our laboratory [20]. Now we can confirm these outcomes, but on human
cell lines.

3.6. In vitro anti-inflammatory effects of berries extracts in TNF-α activated human adipocytes: Antioxidant
defenses

In order to assess if the berries fruit extracts had an effect over antioxidant variables on an in vitro model, both
reduced/oxidized glutathione ratio and SOD and catalase CAT activity were measured. An increment in GSSG
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Fig. 5. In vitro antioxidant effect of berries extracts on TNF-� activated human adipocytes. Human visceral preadipocytes were differentiated,
pre-treated with 100 �M total polyphenols from each extract for 1 hour, then primed 24 hours with 4 ng/mL of TNF-�. Cells and culture
media were saved for further determinations. (A) GSSG/total protein, (B) GSSG/total protein (C) GSSG/GSH ratio, (D) SOD activity/total
protein, and (E) CAT activity/total protein Data (n = 3–4) were expressed as mean ± SD and analyzed with one-way ANOVA followed by
Tukey posthoc tests. GSSG, oxidized glutathione; GSH, reduced glutathione; SOD, superoxide dismutase; CAT, catalase; C, control; MA,
Maqui; CA, Calafate; BL, Blueberry. Different letters showed a statistical significance of at least p < 0.05.

levels in active condition versus control condition was observed, without changes regarding extracts treatments
(Fig. 5A). GSH levels in CA treatment was increased regarding control (Fig. 5B). Additionally, the GSSG/GSH
ratio decreased in TNF-� active condition and all native fruit extracts (Fig. 5C). There were no significant changes
detected in SOD activity (Fig. 5D), although CAT activity decreased on all extract treatments (Fig. 5E).
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It has been described that antioxidant defense power (SOD, CAT, GPx) is lesser in obese people than in
healthy or overweight patients [54–57]. The latter evidence led this study to measure SOD and CAT activity, and
GSH, GSSG, and GSSG/GSH ratio in human cells. Values regarding GSSG/GSH ratio indicate low levels of
oxidative stress, and high GSH availability for hydrogen peroxide, and lipoperoxides reduction, as an action by
the glutathione peroxidase/glutathione reductase (GPx/GR) antioxidant system. Thus, the berries fruit extracts
present an antioxidant effect, augmenting the GSH levels. Nevertheless, the lower levels of CAT enzymatic activity
observed could be explained as GPx/GR antioxidant system does not act in parallel with the SOD/CAT system.
It has been reported that CAT intervenes as an antioxidant defense when the hydrogen peroxide concentrations
are high enough; meanwhile, in low concentrations, the GPx/GR system is activated. In other words, there are
inversely related in a hydrogen peroxide concentration-dependent manner [58]. Similar results were reported
before by our group [20], specifically in the glutathione system, but on mice cells. These outcomes also match
with the ones described by Albrecht et al [47], on CA over leukocytes treated with chloramphenicol, and some
other reports regarding MA [59, 60], even one describing protective effects over postprandial oxidative stress
on humans [61]. Thus, the present results came to support the potential of the treatment with these berries in a
human setting.

4. Conclusions

Aristotelia chilensis, Berberis microphylla, and Vaccinium corymbosum extracts were able to inhibit inflam-
matory and oxidative response on in vitro inflammation models of human adipocytes and macrophages. These
findings would lead to considering the Chilean native fruits Maqui and Calafate for the development of future ther-
apeutic strategies to battle the obesity-associated inflammation comorbidities. Also, the present results add some
novel insights regarding the positive effects of Blueberry over inflammatory settings. However, it is necessary
further research, especially at the in vivo level, to consolidate these healthy outcomes.
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