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Abstract.

BACKGROUND: Blackberries have a high content of bioactive compounds such as anthocyanins and ellagitannins, which
are associated with health benefits against cardiovascular diseases, cancer, diabetes, and other inflammatory conditions.
OBJECTIVE: This study evaluated the effect of a tropical highland blackberry (Rubus adenotrichos Schltdl.) beverage (50%
v/v) on lipids, glucose and antioxidant parameters of healthy individuals.

METHODS: Thirteen healthy individuals of both sexes were assigned into two groups in a randomized crossover design.
Each participant was subjected to a high fat and high carbohydrate diet challenge and drank 250 mL of either blackberry
beverage or water with every meal, three times a day for 14 days. Total cholesterol, triglycerides, LDL cholesterol, HDL
cholesterol, glucose level, superoxide dismutase (SOD), and catalase (CAT) enzymatic activities were assessed from plasma.
RESULTS: Plasma levels of triglycerides, total cholesterol, and glucose levels significantly decreased (p <0.05) after con-
suming the blackberry beverage. Changes in LDL and HDL cholesterol levels were not statistically significant (p>0.05).
CAT and SOD enzymatic activities increased slightly, although not statistically significant (p >0.05).

CONCLUSION: Drinking a beverage from a blackberry micro-filtered juice improved plasma lipid and glucose profiles, as
well as CATand SOD enzymatic activities in healthy participants.

Keywords: Tropical highland blackberry, Rubus adenotrichos Schltdl., triglycerides, cholesterol, superoxide dismutase,
catalase

*Corresponding author: Maria S. Quesada-Morua, postal address 11501-2060, San José, Costa Rica. Tel.: (+506) 8993 2594/(+506) 2511
8339; E-mail: maria.quesada@ucr.ac.cr.

1878-5093/20/$35.00 © 2020 — IOS Press and the authors. All rights reserved


mailto:maria.quesada@ucr.ac.cr

460 M.S. Quesada-Morua et al. / Hypolipidaemic, hypoglycaemic and antioxidant effects

1. Introduction

Healthy development and aging are directly influenced by the kind of food and eating habits people have
throughout their lives. One of the most drastic changes in the second half of the 20th century was the so-called
“nutritional transition”, which changed macronutrients composition of diets around the globe. Most populations
shifted from diets rich in complex carbohydrates, cereals, vegetables, and fruits, to a diet composed of highly
processed and energy dense meals [1-6]. This change in eating habits is responsible for the parallel increase in
the incidence of chronic diseases such as obesity, cardiovascular diseases, cancer and diabetes [2, 7, 8]. Among
these pathologies, cardiovascular diseases have risen to one of the main causes of death worldwide. This high
mortality has been associated with changes in cardiovascular risk factors, especially alterations of plasma lipid
markers [9-11].

Risk of cardiovascular events can be reduced with diets that are rich in bioactive compounds, such as those
contained in many fruits and vegetables [12—16]. This type of diets reduces oxidative stress, regulates blood
pressure and homeostasis and improves plasma lipid and glucose profiles [16—19]. The Mediterranean Diet is
one example of diet that has proven to decrease the risk of cardiovascular complications. It is characterized by
high intake of foods rich in minerals, vitamins, polyphenols and other nutrients. The bioactive compounds in these
diets, such as catecols, flavonols, anthocyanins, flavanols, stilbenes, and other polyphenols, neutralize reactive
oxygen species (ROS), and minimize the deleterious effects of free radicals in living organisms, protecting against
lipid peroxidation and positively influencing antioxidant enzyme levels [15, 16, 20-27].

Tropical fruits are good sources of bioactive compounds. Among them, the Rubus genus is composed of
thousands of species of blackberries and raspberries grown worldwide [28]. The tropical highland blackberry
Rubus adenotrichos Schltdl. has a natural distribution from Mexico to Ecuador, it is widely cultivated in Latin
America [29] and it has traditionally been used to produce blackberry beverages in countries like Colombia,
Ecuador, and Costa Rica [30]. This blackberry is rich in anthocyanins and ellagitannins, and to a lesser extent in
conjugated forms of ellagic acid, gallic acid, and hydroxycinnamic acid [29-35]. Many processed products of
Rubus adenotrichos have been developed by microfiltration [36, 37], ultrafiltration [38, 39], nanofiltration [40],
pasteurization [41] and spray drying [42]. These products and the raw fruit have been analyzed to determine their
phenolic content, antioxidant capacity, anti-inflammatory activity, as well as the antimicrobial, hypoglycaemic
and hypolipidaemic effects in vitro and in vivo [29, 43-45]. To our knowledge, this is the first study to evaluate
the potential health benefits of a tropical highland blackberry beverage in humans taking into account the amount
and type of polyphenols in this drink. This clinical trial evaluated the effect of consuming tropical highland
blackberry from a micro-filtered juice on plasma lipid and glucose profiles, as well asspecific biomarkers of
oxidative stress of healthy individuals exposed to a high-fat, high-carbohydrate diet challenge.

2. Material and methods
2.1. Blackberry beverage

2.1.1. Fruit material

Cultivated, fully ripe, tropical highland blackberries (Rubus adenotrichos Schltdl. commercial cultivar ‘vino’)
were harvested from Cartago, Costa Rica (altitude 1864-2517 m, latitude 09° 39’ 57.1”"N — 09°44/40.3"N,
longitude 83°53'32.1”"W — 84°00'06.3”W). Blackberries were stored in plastic bags and frozen at —20°C until
beverage preparation.

2.1.2. Beverage preparation
The following method, previously described by Vaillant et al. [46], was used to prepare the micro-filtered
blackberry juice. Briefly, blackberries were crushed, and treated for 1 h with 250 ppm of a commercial enzymatic
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preparation with cellulases and pectinases (Klerzyme® 150, DSM Food Specialties, Heerlen, Netherlands)
applying constant agitation at 35°C. Subsequently, the homogenate was pressed for 20 min at 50 psi using a hydro
press (Enotecnica Pillan SRL, Italy). The juice was micro-filtered by a tubular ceramic membrane (Membralox®
1 P19-40, Pall Exekia, Bazet, France) with a pore size of 0.2 wm. A 50% v/v beverage was prepared with tap
water, which was later packaged in plastic bags and stored at —20°C until used.

2.1.3. Beverage characterization

The physicochemical properties of the beverage were analyzed following AOAC (Association of Official
Agricultural Chemists) reference methods. Moisture content was determined by desiccation to constant weight
at 100°C, estimating weight loss due to water evaporation on a stove (AOAC 920.151). Total soluble solids were
measured by a digital refractometer (Fisher Scientific Japan Ltd., Japan) with temperature control. Values were
reported as °Brix (AOAC 932.12). pH was measured using a pH-meter (Thermo Fisher Scientific, Waltham, MA,
U.S.A.) (AOAC 981.12). Total acidity was determined by titration of 1 mL of beverage (diluted with deionized
water to 20 mL final volume) using 0.1 M NaOH (AOAC 942.15) and expressed as malic acid equivalents.

The total polyphenol content was assessed by the Folin Ciocalteu assay modified by Georgé et al. [47]. Briefly,
Folin Ciocalteu reagent solution (1 : 10 in water) was added to the beverage and incubated for two minutes at
room temperature. After incubation, 2.0 mL of sodium carbonate (75 g/L) were added to the mixture and it was
heated at 50°C for 15 min. The resulting mixture was immediately cooled in an ice-cold water bath. Absorbance
was measured with a spectrophotometer (Pharmaspec UV-1700 Shimadzu, Kyoto, Japan) at 760 nm. Results
were expressed as milligrams of gallic acid equivalent (GAE) per 100 mL.

Anthocyanins and ellagitannins were analyzed by HPLC according to Mertz et al. [29] Acosta-Montoya et al.
[31] and Soto et al. [35]. The HPLC quantitative analysis was carried out on a Shimadzu liquid chromatography
system equipped with a SPD-M20A photodiode array detector (Shimadzu Manufacturing, Inc., Canby, OR,
USA) and coupled to Shimadzu EZ Start software (v. 7.4 SP1). This procedure used a reversed-phase ACE 300A
C18 column (125 x 2.1 mm, 3 pm) (AIT, Houilles, France). Polyphenols were quantified by calibration curves
of cyanidin-3-glucoside as standard for anthocyanins and ellagic acid for ellagitannins.

2.1.4. Oxygen radical absorbance capacity (ORAC)

The ORAC assay was performed as described by Ou et al. [48] and Gancel et al. [30]. Briefly, we performed the
2,2'-azobis (2-methylpropionamide)-dihydrochloride (AAPH) induced oxidation assay by measuring fluorescein
signal in a spectrofluorometer (Biotek Instruments Inc, Winooski, USA)at 520 nm. ORAC values were reported
in micromol of Trolox equivalents (wmol TE/100 mL).

2.2. Subjects and study design

The Bioethics Committee for Human Investigation of the University of Costa Rica approved the study protocol
(CEC #117-06). Each participant signed an informed consent to participate.

All participants met the following eligibility criteria: 1. No clinical record of cardiovascular, hepatic, gastroin-
testinal, or renal disease; 2. No alcohol or drug abuse; 3. No use of vitamins or minerals supplements during the
6 weeks previous to the study; 4. No blood donation in the prior four weeks to the study; 5. No history of surgery
(abdominal, thoracic, etc.) in the six months before the study; 6. No self-reported high consumption of stimulant
drinks (more than 5 cups a day of coffee, tea or caffeine-rich beverages); 7. No use of medications during the 15
days previous to the study. Pregnant and lactating women were excluded.

Participants underwent physical examination and completed a medical history questionnaire to determine their
health status. Fasting plasma glucose, lipids, hepatic, renal, and hematologic profiles were obtained from blood
samples.



462 M.S. Quesada-Morua et al. / Hypolipidaemic, hypoglycaemic and antioxidant effects

"::W' Phase Il
(days) (days)
1 4 11 12 1
_ Blackberry beverage
" | [r—
Healthy volunteers N e
(n=13) - WP
16 days
’ \
’ N
Water P ~
A A Y
e
_ Low Antioxidant Challenging
Diet Diet
Blood sample Blood sample
collection collection

Fig. 1. Blackberry beverage clinical trial crossover design.

2.2.1. Phase I of the clinical study

Participants were randomly assigned in two groups, according to a crossover design (Fig. 1). One group
received 250 mL of blackberry beverage sweetened with sugar ad-libitum and the other group had water with
the option of sweetening it with sugar.

For three days, the 13 participants were asked to consume a low antioxidant diet (low in fruits, vegetables,
wine, coffee, tea, chocolate, or derivative products). On day four, after an overnight fasting period (12 h), a blood
sample was collected and used as a baseline for all biomarkers assessed.

From day 4 to day 11, participants were assigned to a high-fat, high-carbohydrate diet challenge for break-
fast, lunch, and dinner. This diet contained approximately 4000 Kcal/day and was low in fruits and vegetables.
Participants drank 250 mL of either blackberry beverage or water with every meal for a total of 750 mL a
day. Participants could drink water or other beverages (not from fruit sources) during the rest of the day. In
order to enhance compliance, participants had breakfast and lunch at the investigation site, along with the
corresponding drink (blackberry or water). A full dinner and 250 mL of blackberry beverage were provided
in a cooler container to be taken out and consumed at home. Participants in the water-drinking group were
provided with their takeout dinner only. On Fridays, participants in the blackberry arm received a cooler con-
tainer with seven bags, each containing 250 ml of blackberry beverage. Instructions were given to consume
250 mL of the blackberry beverage with Friday’s dinner and each meal during Saturday and Sunday. All partic-
ipants received the indication to eat fast food for breakfast, lunch and dinner and no fruits or vegetables during
the weekend.

On day 12, another blood sample was collected to assess total cholesterol, triglycerides, and cholesterol-
LDL/HDL and oxidative stress enzymes (superoxide dismutase and catalase) in plasma. Participants had a free
choice living period of 16 days before the next phase of the study.

2.2.2. Phase II of the clinical study

During this phase, participants were switched between arms (Fig. 1) and given the drink they had not drunk
during phase I. On day one of Phase II and, after an overnight fasting period (12 h), a blood sample was collected
and used as a baseline for all biomarkers selected. From day 1 to day 7, all participants were assigned again
to the carbohydrate and fat-rich diet challenge for breakfast, lunch, and dinner. Participants drank 250 mL of
either blackberry beverage or water with every meal for a total of 750 mL a day. Participants could drink water or
other beverages (not from fruit sources) during the rest of the day. In order to enhance compliance, participants
had breakfast and lunch at the investigation site, along with the corresponding drink (blackberry or water).
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A full dinner and 250 mL of blackberry beverage were provided in a cooler container to be taken out and
consumed at home. Participants in the water-drinking group were provided with their takeout dinner only. On
Fridays, participants in the blackberry arm received a cooler container with seven bags, each containing 250 ml
of blackberry beverage. Instructions were given to consume 250 mL of the blackberry beverage with Friday’s
dinner and each meal during Saturday and Sunday. All participants received the indication to eat fast food for
breakfast, lunch and dinner and no fruits or vegetables during the weekend.

On day eight of Phase II, another blood sample was collected to assess lipid profile, glucose levels, and
oxidative stress enzymes.

Diets were designed by a certified nutritionist. Table 1 shows the nutritional information of each diet.

Table 1
Nutritional information for both low antioxidant and high fat and high carbohydrate diets

Type of nutrient Low antioxidant diet High fat and
high carbohydrate diet
Energy (kcal) 1713* 3362*
Carbohydrate (g) 256.7 385.7
Fat (g) 54.81 158.9
Saturated (g) 13.15 48.99
Monounsaturated (g) 16.99 51.41
Polyunsaturated (g) 15.16 28.64
Cholesterol (g) 228.1 466.3
Protein (g) 64.58 121.4
Fiber (g) 13.62 27.75
Ca (mg) 478.8 888.8
K (mg) 2337 2887
Mg (mg) 253 321.8
Fe (mg) 11.7 22.45
Zn (mg) 8.95 15.65
Mn (mg) 2.73 1.88
Se (ng) 48.19 78.94
BI (mg) 1.37 1.64
B2 (mg) 1.21 7.67
B6 (mg) 8.13 2.72
B12 (ng) 8.72 17.81
Folate (pg) 275.5 358.2
Niacin (mg) 17.43 26.33
Retinol (j.g) 212.2 936
Vit C (mg) 110.7 19.26
Vit D (ng) 1.87 45.57
Vit E (mg) 10.19 19.4

*Approximate values since snacks for both diets were not considered (cookies, pastries, bread, saltines,
pretzels, chips were to be taken as snacks); fast food taken on weekends for the high fat, high carbohydrate
diet was not considered. Food was cooked with soy or sunflower oil. No fruits were permitted. Only
artificial juices without added vitamins were allowed. Intakes were determined using Funiber Nutriber

software (version 1.1.1.r5).
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2.2.3. Blood sample collection
The clinical laboratory from the Health Office of the University of Costa Rica collected the blood samples
(10 mL). They were centrifuged at 2500 x g for 10 min at 20°C. Plasma was stored at —70°C until analysed.

2.2.4. Lipid profile, glucose level, and antioxidant capacity assay

Serum total cholesterol (TC), triglycerides (TG), LDL-cholesterol (LDL), high-density lipoprotein choles-
terol (HDL) and plasma glucose levels were measured using commercial kits (Cobas® Roche Diagnostics
GmbH, Mannheim, Germany), on a Cob as analyzer (Roche/Hitachi GmbH, Mannheim, Germany). Results
were expressed as mg/dL.

Plasma antioxidant enzyme activities were determined using commercial kits for superoxide dismutase (SOD)
and catalase (CAT) (Cayman Chemical Co., Detroit, MI). Enzyme activities were expressed as U/mL (Interna-
tional Units per millilitre) for SOD and nmol/min/mL for CAT.

2.3. Statistical analysis

Mean values with standard deviations were calculated for all variables. Statistical analysis for cholesterol,
triglycerides, enzymes biomarkers, and glucose (before and after the blackberry beverage drinking periods) were
performed using a one-tail paired t-Student analysis; p <0.05 values were considered statistically significant.

Normal distribution was tested with the Kolmogorov-Smirnov test and homoscedasticity was determined by
the Levene test. All statistical analyses were performed using R Studio statistical software (version 3.5.1) with
Stats and Plotly packages for graphics.

3. Results
3.1. Chemical characterization of the blackberry beverage
Table 2 shows polyphenol amounts, sugar content, and other chemical parameters, including the ORAC value

of the beverage. In general, the blackberry beverage had high levels of the bioactive compounds of our interest,
as reflected by the values of total polyphenols, ellagitannins, anthocyanins and ORAC shown in Table 2.

Table 2

Chemical characterization of Rubus adenotrichos Schitl. beverage 50% v/v

Character Value
Total polyphenols* 260.0£29.0
Ellagitannins' 64.7+6.5
Anthocyanins* 51.8+9.1
H-ORAC™ 1341.7£63.1
pH 2.69 £0.04
Soluble solids (oBrix) 7.5+0.7
Moisture content 91.9+0.5
Total acidity® 3.1240.02

Data are expressed as mean &+ SD; n=3. H-ORAC: hydrophilic oxygen radical
absorbance capacity. *mg gallic acid equivalents/100 mL; Tmg ellagic acid equiv-
alents/100 g; fmg cyanidin-3-glucoside equivalents/100 g; ¥ micromol Trolox
equivalents/100 mL; Yg/100 g; §mg malic acid equivalents/100 g.
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Table 3

Characteristics of the study participants

Character Value
Age* 2543
Weight! 57.4+7
Height! 1.640.1
BMI* 224423
Total cholesterol § 171.2+£23.5
Triglycerides § 8204234
LDLS 95.0+22.6
HDLS 59.8+9.6
Cardiovascular risk factor 3.0+0.6

Data are expressed in mean & SD, n=13. BMI, body mass index; HDL: High-
density lipoprotein cholesterol; LDL: low-density lipoprotein cholesterol; *years;
kg; ¥m; ¥kg/m?; mg/DI.

Table 4
Effect of blackberry beverage consumption on lipid profile of study participants

Parameter (mg/dL) Sweetened water Blackberry beverage

Before After Before After
Total cholesterol 17324227 173.94+24.9 184.24+29.2 169.2 +24.4*
Triglycerides 83.1£29.2 80.6£19.5 90.8+33.6 66.9 +12.3*
LDL 101.6 £22.5 102.1+£53.7 110.2+16.5 101.8+52.3
HDL 54.9+58.1 55.6£9.6 55.6£6.9 542+10.2

HDL: High-density lipoprotein cholesterol; LDL: Low-density lipoprotein cholesterol. All values are expressed as mean & S.D. *p <0.05.

3.2. Clinical trial

The main characteristics of study participants are shown in Table 3. No statistical differences were found
for baseline cholesterol levels (p =0.30), triglycerides (p =0.55), LDL (p=0.35) and HDL (p=0.83). All 13
participants completed the two phases of the clinical trial.

3.3. Blood chemistry

Total cholesterol and triglycerides levels significantly decreased (8.10%, p=0.040 and 26.33%, p=0.010,
respectively) after drinking blackberry beverage (Table 4). Figure 2 shows the percentage of variation on total
cholesterol and triglycerides. No effect on LDL or HDL levels was observed.

As shown in Fig. 3, there was a significant decrease (p =0.014) in fasting glucose levels one week after the
end of the clinical trial when compared to baseline levels at the beginning of the trial (Table 5).

The enzymatic activity of superoxide dismutase and catalase after consuming the blackberry beverage is
detailed on Table 6. There was a very slight but statistically non-significant increase in these parameters.
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Fig. 3. Effect of highland blackberry beverage on plasma glucose levels of study participants.

4. Discussion

Based on our review of the literature, this is the first clinical study to evaluate the effects of a tropical highland
blackberry beverage from a micro-filtered juice on plasma lipid and glucose profiles, as well as antioxidant
enzyme activities. We found that drinking a tropical highland blackberry beverage reduces total cholesterol,
triglycerides and glucose levels of healthy participants subjected on a high-fat, high-carbohydrate diet challenge.
This was an exploratory study of a processed product of Rubus adenotrichos Schltl., so we chose to work with
a small number of participants. Several clinical report similar enrolments and statistically significant results on
most of the measured parameters in our study [49-56]. A small number of participants allowed us a close follow
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Table 5

Effects of blackberry beverage consumption on fasting serum glucose levels

Participant Fasting glucose level Variation (%)
Before After

1 88 81 -8.0
2 94 85 -9.6
3 87 94 +8.0
4 108 100 -14
5 96 86 -104
6 79 73 -7.6
7 91 74 -18.7
8 81 88 +8.6
9 89 86 -34
10 93 80 -14.0
11 85 83 24
12 89 85 —4.5
13 81 82 +1.2
Mean 89.3 84.4 -5.2*
SD 7.4 7.0 7.6

Data expressed as mg/dL; *p <0.05.

Table 6

Effect of blackberry beverage consumption on SOD and CAT enzymatic activities

Enzyme Sweetened water Blackberry beverage

Before After Before After
SOD (U/mL) 0.15£0.04 0.154+0.03 0.12+0.03 0.13£0.04
CAT (nmol/min/mL) 17.2+3.7 170+ 6.4 14.6+7 16.0+3.8

Data are expressed as a mean &= SD; CAT, catalase; SOD, superoxide dismutase.

up to obtain a high compliance from participants, although our results may not necessarily be generalized to all
populations.

The high content of bioactive compounds in Rubus adenotrichos Schltl. has been previously reported by
Mertz et al., 2007 [29], Acosta-Montoya et al., 2010 [31], Lee et al., 2012 [57], and Kaume et al., 2012 [58].
Also, four main polyphenols have been identified in a beverage made with this fruit: cyanidin-3-glucoside,
cyanidin-3-malonyl glucoside, lambertianin C and sanguiin H-6 [59].

The ORAC value of the blackberry beverage we produced (Table 2) is likely the result of the high polyphenols
contents in the fruit [30, 31], which could also explain the biological effects observed throughout this study.

Oxidative stress has been reported in animals fed on a diet high on fats [60]. Unexpectedly, we did not observe
an effect of the fat and carbohydrates-rich diet challenge on the lipid profile and glucose levels of the participants
when they drank water. Since this diet challenge was mainly devoid of fruits and vegetables, reductions on total
plasma cholesterol, triglycerides, and glucose levels of participants could be attributed to the consumption of
the blackberry beverage, most likely due to the anthocyanins and ellagitannins contained in it [29, 32, 33, 35].
These polyphenols have a positive impact on lipid metabolism, both in vitro and in vivo, through prevention of
free radical-mediated peroxidation of membrane lipids, as well as by acting as powerful antioxidants [61-68].
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Qin et al. [56] established that an effective dose of anthocyanins to reduce lipid levels in a 70 kg subject falls
between 100 to 335 mg/day. According to Table 2, each participant drank 750 mL per day of the beverage, corre-
sponding to a total amount of 1950 mg/day of polyphenols and 388.5 mg/day of anthocyanins. These quantities
are similar to those reported in other studies evaluating lipid-lowering effects of fruits and they fall within the
effective dose range proposed by Qin [54-56, 69].

Consumption of different types berries has shown to reduce total cholesterol and triglyceride levels in animal
models and clinical studies [32, 36, 54, 70]. In this study, reductions in plasma lipid profiles are similar to
those observed in healthy individuals whose diet was supplemented with strawberries (triglycerides and total
cholesterol levels decreased on 20.8 % and 8.8 % respectively) [54]. The biological effect observed in the
strawberry study can also be related to the content of anthocyanins and ellagic acid in that fruit [61, 70-73].

Anthocyanins and ellagitannins metabolites, urolithins, can be absorbed from the gastrointestinal tract in
animals and humans [33, 58, 65, 74—-78]. We did not determine plasma polyphenols after consuming the blackberry
beverage, but it is possible that both urolithins and anthocyanins in our beverage were absorbed to some extent
and could be responsible for the observed lipid-lowering effects. Further studies should be carried out to assess
whether there is an association between these effects and the presence of the blackberries’ bioactive compounds
or their metabolites in plasma and urine.

The bioactive compounds in Rubus adenotrichos Schltdl. could also have helped to reduce participants’ plasma
glucose levels (Table 5). Consumption of fruits with similar phytochemical profiles to blackberry (strawberries,
bilberries, cranberries, blackcurrants, blueberries and pomegranate) lower the glucose plasma levels in animal
models and healthy volunteers [36, 50, 79-85] through different mechanisms. Bioactive compounds can bind
to digestive enzymes a-glucosidase and a-amylase and inhibits them. These compounds also can interfere
with glucose transport through the intestinal walls and absorption, modulate postprandial sugar metabolism,
insulin sensitivity and improve glucose tolerance [50, 79, 81-84, 86, 87]. As reported by Kaume et al. [58],
blackberry anthocyanins, let alone Rubus adenotrichos Schltdl. anthocyanins and ellagitannins, have not been
studied thoroughly concerning plasma glucose levels. It is well known that some polyphenols and especially
tannins can bound to proteins and inhibit digestive enzymes [88, 89], thus further research is necessary to
determine if this mechanism of action applies to Rubus adenotrichos Schltdl. and to identify the bioactive
compounds accountable for this effect.

During normal cellular metabolism, cells produce hydrogen peroxide (H2O»), superoxide ion (O-), and
hydroxide radical (OH-). On the other hand, superoxide dismutases (SOD), catalases (CAT), and glutathione
peroxidases (GPx) are the main antioxidant enzymes in our endogenous antioxidant system [90-92]. SOD is
widely distributed throughout the body [60] and metabolizes the superoxide anion to hydrogen peroxide, which
is reduced by catalases and GPx to water and oxygen [60, 93].

There is evidence that antioxidant enzymes activities can be modulated by polyphenols. Low polyphenol diets
decrease the plasma antioxidant capacity by diminishing the activity of endogenous enzymes, such as CAT and
SOD [94, 95]. In vitro and in vivo studies in animal models have shown that polyphenols can modulate the
antioxidant plasma status by scavenging ROS and modifying the antioxidant activity of enzymes. Demonstrating
the opposite effect, consumption of polyphenols from strawberries, licorice, grape seed, chokeberry, jaboticaba
peel, and other fruits have demonstrated to increase the enzymatic activity of CAT and SOD, as well as other
relevant enzymes, in a similar manner to what we found in our research [60, 94-98].

The tropical highland blackberry is particularly rich in different polyphenols that can help by scavenging
oxygen reactive species. Doronicheva et al. [99] suggested that polyphenols, especially flavonoids bind to CAT
and enhance the enzyme’s activity. In our study, CAT enzymatic activity remained unchanged in the participants
while consuming water but showed a non-statistically significant increase after consuming blackberry bever-
age. Consumption of dietary polyphenols, such as flavanols and anthocyanins, restores and enhances the redox
homeostasis activities of antioxidant enzymes, partly by binding directly to the heme group or proteins in CAT
structure, partly by directly scavenging and decreasing the ROS levels. This fact could explain the biological
effect observed for CAT in our study [18, 24, 27, 91, 99, 100]. Plasma CAT enzymatic activity increases in
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obese rats consuming a jaboticaba juice, with a similar phytochemical profile of our Rubus adenotrichos Schitdl.
beverage. A similar pattern is observed in healthy volunteers consuming a blackberry juice [91, 96]. These results
agree with our investigation.

Animal studies have found an increase in plasma SOD enzymatic activity after consumption of anthocyanins
and ellagitannins [92, 99]. Rats consuming an aqueous extract, an anthocyanin-enriched fraction, and the
ellagitannin-enriched fraction of blackberry (Rubus fruticosus) have increased plasma SOD enzymatic activity
[101].

In human interventions, three out of eight studies on the effect of berries on endogenous antioxidant enzymes
found a significant increase in SOD levels [102]. Our results showed the same pattern for CAT. As reported
shown in Table 6, CAT enzymatic activity remained the same while participants drank water and increased after
participants consumed blackberry beverage, although, not statistically significant.

Because the present study was an exploratory assessment, the activity of the blackberry beverage should be
tested on a wider range of plasma antioxidant enzymes, such as glutathione peroxidase (GPx) and glutathione
reductase, which together with CAT and SOD is part of our antioxidant enzyme system.

5. Conclusion

This clinical trial showed that healthy participants consuming a highland blackberry beverage from a micro-
filtered juiced for 7 days while subjected to a high-fat, high-carbohydrate diet challenge had a significant reduction
in total cholesterol (8.10%; p = 0.040) and triglycerides levels (26.33%; p = 0.010). A five-point reduction (mg/dL)
on fasting glucose levels and a slight but not significant increase in SOD and CAT enzyme activities were observed.
This latter result also suggests that the blackberry beverage had an antioxidant effect. We can assume that the
protective antioxidant activity observed could be attributed to the different polyphenols contained in the beverage.

Supplementation with a polyphenol-rich highland blackberry beverage from a micro-filtered juice may have
a beneficial impact on the cardiovascular well-being of healthy humans. Further research should be conducted
to determine the clinical effects of such supplementation on dyslipidaemic individuals and patients with altered
glucose metabolism. Likewise, more research is needed to see if these benefits can be observed in other processed
foods from the tropical highland blackberry.
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