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Abstract.

BACKGROUND: Vaccinium meridionale is an Andean Berry that contains bioactive compounds with antioxidant and anti-
inflammatory properties that can prevent oxidative and pro-inflammatory events associated with colorectal carcinogenesis
initiation.

OBJECTIVE: Determine if Andean Berry Juice (ABJ) can improve plasma antioxidant capacity and reduce pro-inflammatory
cytokines of healthy people with dietary factors for colorectal cancer.

METHODS: Nineteen healthy volunteers received 250 mL of ABJ for 14 days. Plasma was obtained before and after the
intervention period to analyze antioxidant status through ABTS and isoprostane methods, IL-13, TNF-a, IL-6 cytokines and
total phenolic content were also analyzed by colorimetric methods.

RESULTS: Plasma antioxidant capacity increased (0.222 to 0.555 mM Trolox, p <0.0001) and isoprostane levels were
significantly reduced (264 pg/mL to 197 pg/mL) and positively correlated with the total antioxidant capacity (r=0.037) after
juice consumption, whereas total phenol content decreased (7.08 to 7.04 mg gallic acid equivalent/L, p < 0.0249) at the end
of intervention. Plasma IL-6 levels were significantly reduced (p =0.0230), while IL-13 and TNFo did not show changes
after juice intake.

CONCLUSIONS: These results indicate that ABJ daily intake improves plasma antioxidant capacity and reduces levels of
the pro-inflammatory cytokine IL-6 associated with colorectal carcinogenesis.

Keywords: Vaccinium meridionale, phenolic compounds, antioxidant capacity, pro-inflammatory cytokine, human colon
cancer
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1. Introduction

Colorectal cancer (CRC) is the third most commonly diagnosed cancer in men and the second in women [1].
The highest prevalence rates have been reported in developed countries, and the lowest rates are found in Africa
and South-West Asia [2]. According to the findings of Doll and Peto in 1981 [3] adjusted by Willett in 2005
[4], 35% of deaths caused by CRC are associated with dietary factors, either due to the presence in the diet of
carcinogenic agents or due to low intake of foods with preventive properties. According to the study conducted by
the World Cancer Research Fund in 2012 [5], there are four dietary factors with convincing and probable evidence
that increase the risk of developing CRC: consumption of red meat and processed meat, alcohol consumption,
overweight and abdominal fat, and low intake of fiber-containing foods such as fruits, vegetables, cereals and
whole grains.

The consumption of red meat is associated with higher levels in the colonic mucosa of nitrates, amines, sulfur,
ammonia, branched-chain amino acids and hydrogen sulfide (H2S) associated with a pro-inflammatory state [6,
7]. Alcohol is a prominent carcinogen because excessive consumption leads to the increase of intracellular levels
of Reactive Oxygen Species (ROS) [7, 8] that induces chromosomal abnormalities, DNA damage, epigenetic
changes, and up-regulation of TNF-a [9]. In addition, alcohol oxidates membrane phospholipids that may be
subsequently transformed into isoprostanes, which have been implicated in the progression of carcinogenesis
[10]. This type of pro-inflammatory diet leads to oxidative stress activate transcription factors such as the NF-«
pathway associated with the increase in the expression of pro-inflammatory IL-18, TNFa and IL-6 cytokines
[11] involved in the colorectal carcinogenesis initiation [12-15].

Among the chemopreventive mechanisms against CRC present in fruits from the Vaccinium genus, the
antioxidant and anti-inflammatory properties have gained special attention. These fruits are a source of poly
(phenolic) compounds identified as bioactive, and are able to modulate the expression of molecules involved in
the development of CRC as observed in vitro and in vivo studies [16—19].

Vaccinium meridionale Swartz, Andean Berry, is a native Colombian plant that belongs to the Ericaceae fam-
ily. The fruit is a dark purple globose berry when ripe and has been considered as a potential functional food,
due to its high content of phenolic compounds and anthocyanins, giving it an antioxidant capacity similar or
greater to the reported values for other Vaccinium species [20, 21]. Maldonado et al 2014 [22] reported the
antioxidant capacity of an aqueous extract obtained from this fruit, as well as cytotoxic and anti-proliferative
activities against colon adenocarcinoma cells [23]. Recently, Agudelo et al. [24] reported that ABJ inhibits the
growth of colon adenocarcinoma cells by apoptotic mechanisms. Therefore, taking into account the importance
of health benefits of fruit consumption against colon carcinogenesis, and that juices are a good strategy to
increase their intake, we aimed to determine the effect of Andean Berry Juice consumption on the antiox-
idant capacity of plasma and pro-inflammatory biomarkers in healthy individuals with dietary risk factors
for CRC.

2. Materials and methods
2.1. Plant material

Fresh ripe Andean Berries (Vaccinium meridionale) were harvested from the municipality of El Retiro (Antio-
quia, Colombia) at an altitude of 2175 meters above sea level and 16°C of temperature in May 2015. Healthy,
ripe berries were selected, washed, disinfected (sodium hypochlorite, 100 ppm) and dried. Afterward, the berries
were blended for 2 min at 2500 rpm and freeze-dried in a vacuum chamber under pressure (4.27 0.5 mm Hg)
at a temperature of —50°C. The resulting freeze-dried powder was stored at room temperature and protected
from light in a PET packaging aluminum, to be used as an ingredient in the subsequent preparation of the
juice.
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Table 1
Dietary risk factors for colorectal cancer according to the World Cancer

Research Fund and American Institute for Cancer Research [5]

Level of evidence  Increased risk Decreased Risk

Convincing Consumption of 10 grams per day of Physical activity for more than 150
alcohol (100 mL of wine, 250 mL of min/week
beer, 30 mL of rum);
Consumption >50 g/day of processed Consumption of foods containing dietary
meats fiber (10 g/day)

Consumption >100 g/day of red meat
(pork, beef or lamb);
Consumption <2 servings/day of fruits
or vegetables

Probable Consumption <200 g/day of cow’s milk

2.2. Preparation of Andean Berry Juice

The Andean Berry Juice (ABJ) was prepared following the procedure previously described by Franco et al
2016 [23]. Briefly, the freeze-dried powder of Andean Berry was dissolved in 55.4% sterile water and 9% sucrose
to obtain a juice of 11.1° Brix, an acidity of 4.33 mg citric acid/mL and pH 3.06. Further, the ABJ was sonicated
at 42kHz, 135 W (Branson B3510 sonicator, Ultrasonic Corporation, USA) for 15 min at RT (25 % 1°C). The
microbiologic analysis of the recount of molds and yeasts was performed according to the Colombian Technical
Norms ISO21521-1 and ISO 21521-2, and taking into account the limits established by the Colombian Resolution
3929/2013 for dehydrated fruits. The microbiological analysis showed no growth of heterotrophic plaques, fecal
coliforms, or yeasts or fungi (data not shown). Franco et al 2016 reported the nutritional composition of the ABJ.

2.3. Sensory evaluation

Trained judges performed the sensory evaluation in the Sensory Analysis laboratory of the University of Antio-
quia, according to the Colombian Technical Norms 3501 [25], 3932 [26] and Colombian Technical Guidelines
165 and 226 [27, 28].

2.4. Subjects and study design

Women and men between the ages of 18 and 60 years from Universidad de Antioquia (Medellin, Colombia)
were recruited via advertisements. After the administration of a questionnaire concerning dietary habits and
lifestyle, potential participants were invited to participate in the study and provided written informed consent.
We selected 19 individuals who had at least one of the dietary risk factors for colorectal cancer presented in
Table 1. Exclusion criteria were as follow: i) family history of colon or rectal cancer; ii) smoking; iii) current use
of medication or supplemental vitamins and/or minerals; iv) physical activity for more than 150 min/week; v)
any inflammatory bowel disease, cancer, diabetes, gastrointestinal, renal or infectious diseases; vi) pregnancy;
vii) vegetarian diet; viii) consumption of more than 2 fruits/day; ix) consumption of two or more servings of
vegetables/day. This was a quasi-experimental prospective panel study, without control. The control was the
same participant in their initial state before the intervention. The sample size was calculated for the repeated
means based on a similar population study [29], in which significant statistical differences were observed in the
same tracer variables of our study (the total polyphenol content of the plasma and the antioxidant capacity).
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Volunteers consumed 250 mL ABJ for 14 days in the morning. Throughout the study, subjects had to avoid the
intake of foods rich in anthocyanins, therefore a list of vegetables and fruits that the subjects were not allowed
to eat was provided. The subjects kept food diaries during the intervention period to check their compliance
with the dietary restriction, through which it was confirmed that all participants had frequent consumption of
red meat and processed meat, low consumption of fruits, vegetables and dietary fiber according to Table 1, and
a low alcohol intake. No information on quantitative food intake was available as the diaries were dietary food
records without any information on quantities. The research protocol was approved by the Ethics Committee
of odontology Faculty at Universidad de Antioquia (Concept N° 23-2016, Acta N° 8 of 2016, at Medellin, 30
September of 2016).

2.5. Blood sampling

At the end of each intervention period, venous blood samples (10 mL) were drawn from each fasting volunteer
into evacuated tubes containing sodium heparin. Each whole blood sample was centrifuged for 15 minutes at
3500 rpm. Plasma was carefully separated into Eppendorf tubes and stored at —80°C until use.

2.6. Antioxidant activity determined by ABTS®*™ (2,2'-azino-bis (3-ethylbenzthiazoline-6-sulfonic acid)
assay

Plasma (10 wL) and stock solution ABTS®* (990 wL) were mixed and the resulting solution was incubated at
room temperature for 30 minutes in the dark. The absorbance was measured at 734 nm against a blank. Trolox
was used as a reference standard and the results were expressed as wM Trolox/L [30].

2.7. Plasma 8-isoprostanes

Oxygen radicals using a commercial kit (8-Isoprostane ELISA kit, Cayman, USA) measured the 8-isoprostane
as biomarkers of oxidation of tissue phospholipids following the manufacturer instructions. This method is based
on the competition between 8-isoprostanes present in plasma (50 pL) and an 8-isoprostane-acetylcholinesterase
(AchE) conjugate (50 L) for a limited number of 8-isoprostane-specific rabbit antiserum binding sites. After
incubation and wash, the substrate to AChE was added, a yellow product of this enzymatic reaction was measured
at 412nm and is inversely proportional to the amount of 8-isoprostane present in the sample [31]. The results
were expressed as pg/mL.

2.8. Total phenols in blood plasma

The total phenolic content was determined according to the adapted Folin—Ciocalteu method [32]. Plasma
deproteinized by perchloric acid (50 pL) was mixed with 125 pL. of Folin—Ciocalteu reagent and 400 L of
sodium carbonate solution (7.1% p/v), and the resulting solution brought to a final volume of 1000 nL. The
mixture was stirred and stored at room temperature for 30 minutes in the dark. The absorbance was measured at
760 nm against a control sample. Aqueous solutions of Gallic acid were used to build a calibration curve. The
results were expressed as Gallic acid equivalents (GAE)/ml.

2.9. Inflammatory biomarkers

Atday 1 and at the end of the intervention (day 15) levels of interleukin-13, interleukin-6, TNF-a, C-Reactive
Protein (CRP) and adiponectin were determined in plasma by using the Human ELISA kit (Cayman Chemical
and SPI Bio) according to manufacturer’s instructions.
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2.10. Statistical analysis

The total phenol content, the total antioxidant capacity and the plasma concentration of 8-isoprostanes
compared before and after the consumption of ABJ were analyzed by the paired two-tailed test. The differ-
ence in the distributions of the levels of TNFa, IL-1{3, and IL-6 before and after the intervention was evaluated
by the Wilcoxon rank-sum test. The summaries of the distributions include the mean, the standard deviation, the
median and the interquartile range (IQR). In order to determine the correlation between the pro-inflammatory
biomarkers and the antioxidant capacity in the plasma, the Spearman coefficients (r) were calculated. All
data were measured in duplicate and the results were considered significant when p <0.05. These analyzes
were performed with Graph Pad Prism version 7.00 for Windows (GraphPad Software, San Diego California,
USA).

3. Results and discussion

The intake of fruit as juice has gained great acceptance in recent years; it has been estimated that the intake of
juices has increased significantly compared to the consumption of whole fruit [33]. Since berry juices contain
polyphenolic antioxidant compounds that may be involved in the inhibition of chronic inflammatory processes,
they might be consumed regularly as part of a normal diet to reduce the incidence of chronic non-communicable
diseases.

In this study, we began describing the sensory profile of this product by a multidimensional approach to
identify descriptors that can be used to determine the quality of a product, giving the maximum information to
establish a sensory profile. We used this method to evaluate the quality of ABJ. The quality of this product was
measured with a score of 3 to 1, where 3 is of high quality and 1 is of low quality. All other descriptors are
evaluated with a score of 0 to 5, where O is the low intensity of the sensory attribute and 5 is the high intensity
of the sensory attribute. Figure 1 shows the sensory profile description of ABJ performed by a trained jury. In
the appearance descriptors, the juice had an intensity greater than 3.0 for brightness and phase separation; an
intensity lower than 3.0 for the attributes of homogeneity due to the presence of seeds. In the descriptions of the
odors, the juice presented intensities higher than 3.0 corresponding to the fruity and herbaceous odor; intensities
lower than 3.0 for sweet, acid, floral, metallic and green odors. In relation to the attributes of flavor, sweet taste,
acid, green, herbal, floral, metallic, bitter, astringent and spicy was 3.5; and the fresh taste was 3.5. In general,
the panel of 10 experts judged the quality of the product as 2.2, which is considered a product of good sensory
quality. Therefore, we consider that this juice can easily be incorporated into the human diet as a strategy to
increase or promote not only the consumption of fruits as agents rich in antioxidant compounds, but to prevent
the inflammatory state by modulating biomarkers present in chronic non-communicable diseases associated with
oxidative stress and chronic inflammation [11, 12].

When comparing the basal plasma antioxidant status (0.222 Trolox mM) with the levels at the end of the
intervention (and 0.052 Trolox mM), the plasma antioxidant capacity increased up to four times (Fig. 2) with
a significance of 0.002. In relation to the 8-isoprostanes levels, the paired two-tailed test showed a significant
reduction (p <0.0001) in the plasma of participants at the end of the intervention (Fig. 2). The mean of the 8-
isoprostanes levels in plasma at the end of the study was 197 & 64 pg/mL; on the contrary, the median at baseline
was 264 £ 44 pg/mL. The total concentration of phenols in plasma showed a significant decrease (p < 0.0392),
these oscillated between 4.2 and 10.2 (mg of EAG / L) with a median of 7.04 at the end of the study, while the
baseline presented a median of 7.084 mg of EAG /L.

Consumption of fruits rich in polyphenols, such as berries of the genus Vaccinium, may reduce the risk of
developing CRC (RR =0.85,95% CI =0.75-0.96 for 3 servings/day) [34]. To become bioactive compounds, these
polyphenols must undergo various intestinal transformations; however, the bioavailability of the polyphenols in
the berries depends on their specific structural subfamilies. In this study, we report a reduction in total plasma
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Fig.2. Plasma total antioxidant capacity and 8-isoprostanes levels before and after 14 day intake of ABJ in healthy individuals with dietary risk
factors associated with CRC. The comparison was performed by paired two-tailed 7-test. The difference in distributions for total antioxidant
capacity was analyzed by the Wilcoxon rank sum test.

phenols after 14 days of ABJ intake compared to the baseline (p < 0.0392). Although anthocyanins are the most
abundant polyphenol compounds present in ripe Andean Berry [20, 21], the high molecular weight affects its
absorption in the small intestine. For example, after intake for seven days of 45g of lyophilized black raspberries,
the total anthocyanins content in plasma and urine was 1% because they cannot be absorbed in the native form
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Table 2
Spearman correlation coefficients (r) for antioxidant capacity, IL-6, and

8-isoprostanes levels in plasma at the end of the intervention

IL-6 Antioxidant capacity 8-isoprostanes
IL-6 1 - -
Antioxidant capacity 0.30375163 1 -
8-isoprostanes 0.32459533 0.377295286

[35]. However, anthocyanins pass from the small intestine into the large intestine where they are catabolized by
the colonic microbiota, which allows a diversity of phenolic acids including the acid 4-O-methyl-gallic, which
is absorbed and passed into the circulatory system [36].

The ABJ was prepared using the whole fruit, including the epidermis where the highest concentration of
anthocyanins and fiber is found, due to which some participants reported in the first three days of intervention
diarrheal episodes, which may have contributed to decreasing the total phenol content in plasma. However, when
determining the plasma antioxidant capacity at the end of the study, the samples were able to inhibit up to 4 times
more the oxidation of the ABTS radical in ABTS+. These findings suggest that the antioxidant capacity of ABJ
in plasma may be attributed to components other than anthocyanins, such as Gallic acid.

In a previous study, our group used a model of gastrointestinal digestion in vitro to study the free phenolic
bioavailability of ABJ. The Gallic acid was the phenolic acid with the highest bioavailability in most stages of
gastrointestinal digestion: mouth (721.51%), stomach (529.17%), small intestine and colon (up to 158.89 and
33.91%, respectively) (unpublished data). Gallic acid has been associated in the prevention of lipids peroxidation.
This phenolic acid has a 3-OH group and ortho-dihydroxyl substitution, which gives it the antioxidant capacity
based on electron transfer (ET) [37], such as that used in the protonation of the ABTS radical . The correlation
analysis (Table 2) indicates that the decrease in the levels of 8-isoprostanes can be explained up to 37% by
the increased improvement of plasma antioxidant status in healthy individuals that ingest ABJ regularly for
14 days.

The 8-isoprostanes has been accepted as a biomarker to monitor oxidative stress in vivo, since it is a product
of lipid peroxidation from arachidonic acid present in phospholipids of the cell membrane, and consequently
increases in blood and urine [38]. In agreement with our results, Davinelli et al (2015) [39] designed a double-
blind, placebo-controlled study and reported a decrease in urinary levels of 8-isoprostanes after ingestion of
anthocyanin extract of maqui berry. A reduction of 8-isoprostanes levels by 60% was also observed in the urine
of patients with premalignant lesions in the esophagus who received 6 g (women) or 45 g (men) of freeze-dried
black raspberries for 6 months [40].

There is a close link between chronic inflammation and CRC, one of the conditions of greatest risk for this type
of cancer is represented by inflammatory bowel disease (IBD) [41]. The use of non-steroidal anti-inflammatory
drugs (NSAIDs) reduces mortality from sporadic colon cancer and may reduce the number of adenomas in
patients with familial adenomatous polyposis [42]. Several studies suggest that plasma levels of TNFa, IL-1f3,
and IL-6 are increased in patients with CRC. These cytokines can have value as biomarkers for early diagnosis
[43]. Given the above, we set out to determine the plasma levels of TNFa, IL-13, and IL-6. No significant
differences were found after ingestion of ABJ in the plasma of the volunteers who completed the study (Fig. 3).
On the other hand, the concentration of IL-6 decreased significantly after the intervention compared to baseline
levels (p <0.03), with a median of 35.4 pg / mL at the beginning of the intervention and a median of 23.2 pg /
mL at the end of the 14 days of ABJ intake (Fig. 3).

Tumor necrosis factor-a (TNF-a) is a pro-inflammatory cytokine that also has an apoptotic effect, induces cell
proliferation, and induces differentiation. Al Obeed in 2014 [44] collected colon tissue samples from 30 patients



258 C.D. Agudelo et al. / Andean Berry (Vaccinium meridionale Swartz) Juice improves plasma antioxidant capacity

p=0.05
30- p<0.03
g @ Before ; £
> @ Atfter . .
£ . %
e L]
B 204 p20.05 oot ! .
Z g ) o
- e & K L
'g . .' ..:o ,.:‘ o®
© ] LR .
© 10 :: o0e®, . c :: ’o
2 X *e ®eqe” 8 . *
- *dp LA . F 3 o.:.
E’ 2 '.:o'
2 o* %
0 T T T .1 T T
IL-18 IL-6 TNF-a

Fig. 3. Plasma IL-13, IL-6 and TNFa« levels before and after intake of ABJ for 14 days in healthy participants with dietary factors associated
with risk for CRC. The difference in the distribution of inflammatory cytokines was analyzed using the Wilcoxon signed rank test.

with CRC and found that the TNF-a gene up-regulated and associated with stage III and IV neoplasms compared
to premalignant tumor stages (p =0.004), indicating that the high expression of this cytokine is associated with
advanced stages of the tumor. In the present study, no significant differences were found in the medians of the
TNF-a plasma levels after ABJ intake, because participants of this study were healthy, and the expression of
TNF-a is evident in advanced stages of carcinogenesis and not in the initial stages.

Interleukin 13 (IL-1pB) is a pro-inflammatory cytokine, which induces the expression of TNFa, IL-6, among
other pro-inflammatory mediators and growth promoters of tumor cells [45]. In an interesting randomized study of
four years, Bobe et al (2010) [19] determined that consumption of fiber, fruit, and vegetables rich in polyphenols
inhibits the occurrence of colorectal adenoma. The number of flavonoids consumed by 1905 participants with
a confirmed diagnosis of adenoma was estimated through a food frequency questionnaire. The researchers
concluded that patients with flavonoid intake above the median 29.7 mg/day and decreased IL-1[3 concentrations
had the lowest risk of advanced adenoma recurrence (OR=0.37, 95% CI=0.15-0.94) [19]. In our research,
although the participants included in this study present dietary habits that may increase the risk for developing
CRC long-term, they did not present significant differences in the plasma IL-1[3 concentration after intake of ABJ
for 14 days. This supports the theory that IL-1f3 is a potential biomarker for advanced stages of CRC [46, 47].

Several experimental and clinical studies have linked the cytokine IL-6 with the pathogenesis of CRC. The
increase in the expression of IL-6 has been associated with advanced stages of CRC and a decrease in patient
survival. Unlike other cytokines, IL-6 is expressed in the earliest stages of carcinogenesis since this is key in
the regulation of inflammation through the activation of the pathway STAT-3 [48]. In a randomized controlled
dose-response trial with 60 volunteers, it was demonstrated that consumption of lyophilized strawberries in
adults with abdominal adiposity (BMI: 36 +5 kg/m?) and elevated serum levels of lipids during 12 weeks,
decreased significantly the serum levels of IL-6, whereas no differences were found in the levels of IL-13 [49].
The intake of dietary polyphenols, especially from berries, has been associated with anti-inflammatory effects
in experimental models, although there are few supportive clinical studies [50]. In our study, we reported for the
first time that consumption of ABJ decreases by 19.4% (p =0.0230) the plasma levels of IL-6 (Fig. 3), one of
the most important cytokines in the initiation and promotion of colon carcinogenesis.

In conclusion, the ABJ evaluated in this study has adequate sensory properties, which increased by 4-fold the
antioxidant capacity of the plasma of participants who ingested 250 mL of the juice for 14 days. In addition, this
juice reduced the oxidative stress biomarker 8-isoprostanes and the pro-inflammatory cytokine IL-6. These data
highlight the chemopreventive potentials of Andean Berry in colorectal cancer prevention.
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