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Abstract
Background/Aim: Hypertension is a consequence of a neuromodula-
tory imbalance and is directly associated with cardiovascular diseases. 
Oxidative stress constitutes an intermediate pathophysiological mecha-
nism for hypertension and cardiovascular disease. Evidence suggests that 
there is a proportional relationship between diets high in antioxidants and 
a reduced risk of cardiovascular events. A high antioxidant diet could scav-
enge the free radicals and other toxic radicals offering better protection to 
the cardiovascular system. The primary study objective was to evaluate 
the impact of dietary supplementation with fruit extract capsules on mark-
ers of oxidative stress and antioxidant capacity in hypertensive and nor-
motensive individuals; a secondary objective was to evaluate the impact 
of dietary supplementation on insulin resistance, markers of inflammation 
and haemodynamic variables in treated hypertensive and normotensive 
patients.
Methods: This clinical trial comprised 30 hypertensive patients and 29 
normotensive volunteers. Study participants received placebo capsules 
for 4 weeks, then fruit extract capsules (blueberry, cranberry and pome-
granate), one capsule of each per day for 4 weeks. Blood pressure was 
measured at baseline, after the use of placebo and antioxidant capsules. 
Catalase, thiobarbiturate acid reactive substances (TBARS), superoxide 
dismutase (SOD), carbonyl and ferric-reducing antioxidant powder (FRAP) 
were used to evaluate oxidative stress. 
Results: The mean age among hypertensive participants was 49.3 ± 
9.3 years. Catalase increased in both groups; reduction of TBARs, FRAP 
and carbonyls occurred in the hypertensive group. A significant intragroup 
difference in homeostatic model assessment of insulin resistance (HO-
MAir) was noted between normotensive and hypertensive individuals at 
different times. No significant difference occurred regarding inflammatory 
cytokines, adipocytokines and haemodynamic data after antioxidant con-
sumption. 
Conclusion: The study results suggest that supplementation with fruit 
capsules rich in antioxidants for 4 weeks significantly reduces oxidative 
stress in hypertensive patients. Studies with a larger number of patients 
are needed to confirm the findings.
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This was a prospective, longitudinal, cohort clini-
cal trial. The study was submitted to and approved 
by the Ethics Committee for Analysis of Research 
Projects at the Hospital das Clínicas, Faculty of 
Medicine, University of São Paulo (CAPPesq) on 
2 September 2015 under number 1.157.544. All 
participants were previously informed about the 
study procedures and asked to sign the Informed 
Consent (IC) form in accordance with Resolution 
466/12 of the National Health Council.

Study population
Hypertensive patients, both sexes, aged between 
18 and 59 years, body mass index (BMI) less than 
35 kg/m2, were recruited from the AH outpatient 
clinic of a tertiary hospital. All received medica-
tion for AH, one or more drug classes, including 
diuretics, angiotensin-converting enzyme in-
hibitors, angiotensin-receptor blockers, calci-
um channel blockers and central and peripheral 
sympatholytic agonists. Exclusion criteria were 
pregnancy, smoking, patients with diabetes us-
ing more than one drug in addition to metformin, 
glycated haemoglobin > 7 %, diagnosis of CVD 
(such as complex arrhythmia and valvular heart 
disease), LDL-cholesterol > 160 mg/dL (nondia-
betics), LDL-cholesterol > 130 mg/dL (in nondia-
betics using a statin), LDL-cholesterol ≥ 100 mg/
dL (in diabetics using a statin), patients with pul-
monary hypertension, collagen diseases, cancer, 
on dialysis and with any chronic disabling pa-
thology. Normotensive volunteers were recruited 
from friends of hypertensive participants.

After laboratory tests, participants were includ-
ed and matched by age, sex, race, BMI and were 
divided into two groups according to the pres-
ence or absence of AH: normotensive (29 sub-
jects) and hypertensive (30 subjects). All sub-
jects were instructed not to change their eating 

Methods

Introduction

Cardiovascular diseases (CVD) are the global-
ly leading cause of death. The main risk fac-
tors for the development of CVD are arterial 
hypertension (AH), dyslipidaemia, obesity, 
sedentary lifestyle, use of alcohol and tobac-
co, in addition to low consumption of fruits 
and vegetables. All these risk factors are pre-
ventable.1 AH is the main risk factor for CVD. 
A neuromodulatory imbalance is associated 
with oxidative stress and on the other hand, 
oxidative stress constitutes an intermediate 
pathophysiological mechanism for AH and 
CVD. 

Low consumption of fruits and vegetables is 
related to myocardial infarctions and strokes. 
As recommended by the World Health Report 
(WHR) 2002, the daily consumption of fruits 
and vegetables, per person, should be around 
400 g.2 This is a way to supply the body with 
foods rich in antioxidants and achieve a bal-
ance between oxidative stress and antioxi-
dant capacity.

There are different ways to attain the needed 
antioxidants. The consumption of pomegran-
ate and cranberry juice, fruits rich in anti-
oxidants, in humans resulted in an improve-
ment in vascular function in patients with AH 
and coronary vascular disease.3-5 The extract 
from the pomegranate peel has already been 
tested in type 2 diabetic patients, showing 
favourable results in blood pressure, anthro-
pometry, body composition, lipid and glucose 
metabolism and oxidative stress.6-8 Several ex-
perimental studies have tested diets enriched 
with antioxidants.9, 10 

The antioxidant capacity can be assessed by 
different methods.11-13 In addition to the eval-
uation of the antioxidant capacity, a way to 
assess the impact of oxidative stress on the 
body is through analysis of oxidative damage. 
Oxidative damage can be assessed by mea-
suring thiobarbituric acid reactive substances 
(TBARs) and measuring carbonyl proteins.14

From our point of view, it is necessary to 
know whether the protective effects of fruit 
extract are present even when the extract is 
ingested in combination with other foods in 
one’s personal routine, which may have large 
amounts of salt and/or fat. The primary ob-

jective of this study was to evaluate the im-
pact of dietary supplementation with fruit ex-
tract capsules on markers of oxidative stress 
in hypertensive and normotensive patients; 
the secondary objective was to evaluate the 
impact of dietary supplementation on mark-
ers of a neuromodulatory imbalance such as 
inflammatory activity, insulin resistance and 
also haemodynamic variables in hypertensive 
and normotensive patients.
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patterns and physical activity during the 8-week 
follow-up period study. At the end of the study, 
all participants received guidance, individual-
ly, from a nutritionist, regarding a healthy diet. 
Figure 1 shows a schematic representation of the 
recruitment process which was carried out. 

Figure 1: Consolidated flow diagram of participants from recruit-
ment data analysis

Included (n = 59)

Hypertensive (n = 30) Normotensive (n = 29)

Excluded (n = 261):
• Did not meet the inclusion 

criteria (n = 223)
• Refused to participate (n = 13)
• Other reasons (n = 25)

Evaluated for eligibility (n = 320)

Anthropometric data. All anthropometric assess-
ments were performed in a standardised manner. 
All measurements were performed, in triplicate, 
using the arithmetic mean as the final measure-
ment. A scale with a Filizola® stadiometer (Mod-
el PL 150, Filizola Ltda, Brazil) was used to obtain 
the value of body weight and height. BMI was 
calculated as the ratio between weight (kg) and 
height squared (m2). To measure waist circum-
ference (WC) and neck circumference (NC), an 
inelastic fiberglass tape with precision of 1 mm 
was used. The WC evaluation was performed fol-
lowing the technique of the midpoint between 
the last rib and anterosuperior iliac crest and NC 
was taken in the position corresponding to the 
midpoint of the participants’ neck height.15

Intervention. The total duration of the study was 
8 weeks. Subjects started by taking placebo cap-
sules three times a day and at the end of 4 weeks 
the placebo capsules were changed to fruit ex-
tract capsules, also administered three times a 
day. Participants were instructed to take a cran-
berry capsule at breakfast, a blueberry capsule at 
lunch and a pomegranate capsule at dinner. The 
antioxidant capacity and phytochemicals such as 
phenolic compounds in each capsule were eval-
uated using the methods oxygen radical absor-
bance capacity (ORAC) and Folin-Ciocalteu, re-
spectively (Table 1). 

In the placebo and intervention phases, telephone 

Table 1: Capsules total antioxidant capacity (ORAC method) 
and phenolic compounds (Folin-Ciocalteu method)

GAE – gallic acid equivalent;

Component Antioxidant capacity
 (μmol Trolox/g extract)

Phenolic compounds
(mg GAE/g extract)

Cranberry
Blueberry
Pomegranate

965.4 ± 27.7
731.8 ± 28.0
676.3 ± 17.9

96.0 ± 5.7
87.2 ± 9.1
111.9 ± 2.3

contact was made with the participants to moni-
tor adherence. Every two weeks, participants re-
turned to deliver the remaining capsules and re-
ceive capsules for another two weeks. Adhesion 
was checked by pill count.

Anthropometric, haemodynamic and laboratory 
assessments were performed at baseline, after 
four weeks of the placebo phase and after four 
weeks of intervention. Capsules of placebo and 
extract were similar. 

Laboratory tests. Blood samples were collected 
after 12 h of fasting to measure urea, creatinine, 
sodium, potassium, triglycerides, total cholester-
ol, LDL-cholesterol, HDL-cholesterol, C-reactive 
protein (CRP), glucose, insulin, tumour necrosis 
factor - alpha (TNF-alpha), interleukin-6 (IL-6), 
interleukin 2 (IL-2), interleukin-4 (IL-4), mono-
cyte chemotactic protein-1 (MCP-1), adiponectin 
and leptin. Urea, creatinine, sodium, potassium, 
triglycerides and total cholesterol and fractions 
were measured only at baseline. The other exams 
were repeated after the intervention with place-
bo and antioxidant capsules.

Insulin sensitivity. Insulin sensitivity was evalu-
ated from glucose and insulin values   to calculate 
the homeostatic model assessment of insulin re-
sistance (HOMAir).16

Antioxidant capacity marker measurements. An-
tioxidant capacity was measured by determining 
the activity of catalase, superoxide dismutase 
(SOD) enzymes and by the ferric-reducing antiox-
idant power (FRAP) method.11-13

Oxidative damage marker measurements. The 
measurement of oxidative damage markers was 
performed by measuring thiobarbituric acid re-
active substances and measuring carbonyl pro-
teins.14, 17, 18

Statistical analysis
The sample size calculation was performed con-

Novaes-Gaeta et al. Scr Med. 2024 Nov-Dec;55(6):685-95.
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From all participants who were selected; no one 
dropped out. The percentage of adhesion, calcu-
lated by counting the capsules, was approximate-
ly 98 % among normotensive individuals and 95 
% among hypertensive individuals. Among hy-
pertensive patients, only 2 (6.7 %) had diabetes 
and 8 (26.7 %) had prediabetes. 

Results

Table 2: Demographic profile and some clinical parameters at 
baseline (mean ± SD)

Parameter pNormotensive 
(n = 29)

Hypertensive
(n = 30)

Women
Men
Age (years)
Ethnicity (white/non-white)
Urea (mg/dL)
Creatinine (mg/dL)
Sodium (mEq/L)
Potassium (mEq/L)
Total cholesterol (mg/dL)
LDL-cholesterol (mg/dL)
HDL-cholesterol (mg/dL)
Triglycerides (mg/dL)

16 (55.2 %)
13 (44.8 %)
45.5 ± 8.9

21/8
28 ± 5

0.8 ± 0.2
141 ± 3

4.5 ± 0.3
191 ± 35
112 ± 28
51 ± 13
110 ± 69

16 (55.2 %)
13 (44.8 %)
45.5 ± 8.9

21/8
28 ± 5

0.8 ± 0.2
141 ± 3

4.5 ± 0.3
191 ± 35
112 ± 28
51 ± 13
110 ± 69

0.961

0.185
0.456
0.024
0.380
0.540
0.900
0.585
0.907
0.721
0.721

sidering a study on the effect of a diet rich in an-
tioxidants on blood pressure and oxidative stress 
in hypertensive and normotensive individuals.19 
The statistical power considered for the calcula-
tion was 80 %, the confidence interval 95 % and 
the number of cases needed in each group was 
estimated at 27 individuals. Sample calculation 
was performed using the OpenEpi version 2013 
program.

Descriptive analyses for quantitative data were 
performed, showing the means accompanied by 
the respective standard deviation or error (SD, 
SE). The assumptions of normal distribution in 
each group and the homogeneity of variances be-
tween groups were evaluated, respectively, with 
the Kolmogorov-Smirnov test. For quantitative 
variables, repeated measures ANOVA was used. 

For those comparisons that showed a significant 
difference by ANOVA, the two-by-two post-hoc 
test was performed, with Bonferroni correction.

When a significant difference was detected be-
tween the data obtained after ingestion of the 
capsules with fruit extract and the data obtained 
at the beginning of the study (or at the end of the 
placebo phase) in the hypertensive group, the 
unpaired Student t test was used for comparison 
with data from the normotensive group. This was 
performed to verify whether the significant val-
ues   obtained for hypertensive individuals were 
bringing them closer to the normotensive group. 
All analyses were performed using SPSS 21 
software for Windows with a significance level 
of p < 0.05.

LDL - low density lipoprotein; HDL - high density lipoprotein;

Demographic data and results of initial biochemi-
cal tests are shown in Table 2. Subjects were com-
pared according to weight, BMI, waist circumfer-
ence and neck circumference before and after 
ingestion of the antioxidant capsules. Anthropo-

metric data did not change after the consumption 
of antioxidants (Table 3).

A significant intragroup difference for HOMAir 
between normotensive individuals at different 
times (p = 0.001) was found. The same was 
true for the hypertensive subjects (p = 0.001), 
as shown in Figure 2. Bonferroni’s post-hoc 
test showed that both for normotensive and 
hypertensive individuals, initial measurements 
were similar to post-placebo measurements 
and that post intervention measurements were 
statistically smaller than the previous ones. The 
post intervention HOMAir declined to values   
below half of the initial values.

There was no significant difference regarding in-
flammatory cytokines and adipocytokines after 
consumption of antioxidants, as shown in Table 4.

Haemodynamic data were not different after con-
sumption of antioxidants (Table 5). A reduction 
occurred in TBARs and carbonyls in the hyper-
tensive subjects after consumption of antioxi-
dant fruit capsules (Figure 3 and 4).

Regarding antioxidant capacity, there was an 
increase in catalase in normotensive and hyper-
tensive subjects after 4 weeks of consumption of 
capsules with fruit extract (Figure 5).

Novaes-Gaeta et al. Scr Med. 2024 Nov-Dec;55(6):685-95.
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Figure 2: Homeostatic model assessment of insulin resistance (HOMAir) in normotensive and hypertensive 
subjects at baseline, after placebo and extract (mean ± SE)

NB – normotensive at baseline; NP – normotensive on placebo; Nex – normotensives on extract; HB – hypertensive at baseline; 
HP – hypertensive on placebo; Hex – hypertensive on extract. * = extract vs baseline; # = extract vs placebo; & = hypertensive at 
baseline vs normotensive at baseline;

Table 3:  Anthropometric profile of normotensive and hypertensive individuals at baseline, post-placebo (PP) 
and post-fruit extract (PFE) use   (mean ± SD)

Parameter
Basal BasalPP PPPFE PFEp p

Normotensive (n = 29) Hypertensive (n = 30)

Weight (kg)
BMI (kg/m²)
NC (cm)
WC (cm)

Women
Men

77 ± 12
28 ± 4
37 ± 3

94 ± 8
89 ± 19

77 ± 12
29 ± 4
38 ± 3

91 ± 10
101 ± 11

77 ± 2
28 ± 4
37 ± 3

94 ± 7
94 ± 9

78 ± 15
29 ± 4
37 ± 3

91 ± 10
101 ±12

77 ± 12
28 ± 6
37 ± 3

93 ± 7
94 ± 8

78 ± 15
29 ± 4
38 ± 4

91 ± 10
101 ± 12

0.074
0.122
0.972

0.243
0.750

0.425
0.452
0.205

0.286
0.540

BMI – Body mass index; WC – Waist circumference; NC – Neck circumference;

Table 4: Plasma dosage of inflammatory cytokines and adipocytokines at baseline, post-placebo (PP) and 
post-fruit extract (PEF) use (mean ± SD)

Parameter
Basal BasalPP PPPFE PFEp p

Normotensive (n = 29) Hypertensive (n = 30)

CRP (mg/dL)
TNF-alpha (pg/mL)
IL-6 (pg/mL)
IL-2 (pg/mL)
IL-4 (pg/mL)
MCP-1 (pg/mL)
Adiponectin (mg/L)
Leptin (ng/mL)

2.3 ± 1.8
19.0 ± 15.3
2.9 ± 2.0
1.0 ± 1.7
1.0 ± 0.8
1.9 ± 1.3
11.2 ± 6.1

13.1 ± 10.2

3.4 ± 3.2
12.0 ± 11.2
2.9 ± 1.7
1.7 ± 3.6
0.6 ± 0.5
1.4 ± 0.9

14.6 ±10.6
13.5 ± 9.5

4.0 ± 0.0
21.5 ± 18.1
2.8 ± 1.9
0.6 ± 1.2
1.0 ± 0.7
1.8 ± 1.4

10.6 ± 6.7
11.9 ± 9.2

3.2 ± 3.1
14.2 ± 10.8
2.6 ± 1.2
1.2 ± 2.8
0.7 ± 0.5
1.5 ± 0.9
13.6 ± 9.6
12.2 ± 8.8

2.0 ± 0.1
18.6 ± 14.2
2.6 ± 2.0
0.7 ± 1.0
0.9 ± 0.7
1.9 ± 1.6
11.2 ± 7.8

14.4 ± 11.9

3.3 ± 3.1
12.9 ± 11.2
2.7 ± 2.1
0.8 ± 1.6
0.7 ± 0.5
1.4 ± 1.2

13.9 ± 9.9
13.5 ± 9.3

0.441
0.680
0.849
0.325
0.834
0.951
0.494
0.111

0.724
0.663
0.606
0.071
0.724
0.953
0.310
0.246

CPR – C reactive protein; TNF-alpha – tumour necrosis factor alpha; IL-6 – Interleukin 6; IL-2 – Interleukin 2; IL-4 – Interleukin 4; 
MCP-1 – monocyte chemoattractant protein 1;

Novaes-Gaeta et al. Scr Med. 2024 Nov-Dec;55(6):685-95.
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Figure 3: Thiobarbiturate acid reactive substances (TBARS) levels in normotensive and hypertensive subjects at 
baseline, after placebo and extract (mean ± SE)

NB – normotensives at baseline; NP – normotensives on placebo; Nex – normotensives on extract; HB – hypertensive at baseline; 
HP – hypertensive on placebo; Hex – hypertensive on extract; * = extract vs baseline; # = extract vs placebo; 

Figure 4: Carbonyls levels in normotensive and hypertensive subjects at baseline, after placebo and extract 
(mean ± SE) 

NB – normotensive at baseline; NP – normotensive on placebo; Nex – normotensive on extract; HB – hypertensive at baseline; HP – 
hypertensive on placebo; Hex – hypertensive on extract. * = extract vs baseline; # = extract vs placebo;

Parameter
Basal BasalPP PPPFE PFEp p

Normotensive (n = 29) Hypertensive (n = 30)

SBP (mmHg)
DBP (mmHg)
HR (bpm)

121.8 ± 15.6
74.2 ± 9.6
64.7 ± 11.2

141.7 ± 22.6
83.6 ± 13.9
63.7 ± 10.0

122.0 ± 13.4
74.3 ± 9.4

66.0 ± 12.0

143.4 ± 28.6
86.3 ± 17.9
60.6 ± 10.5

120.3 ± 11.7
71.9 ± 8.7
67.3 ± 10.7

137.0 ± 21.9
79.7 ± 15.5
61.7 ± 9.0

0.557
0.124
0.179

0.113
0.137
0.081

Table 5: Blood pressure and heart rate at baseline, post-placebo (PP), post-fruit extract (PFE) use (mean ± SD)

SBP – Systolic blood pressure; DBP – Diastolic blood pressure; HR – heart rate (beats per minute);

Novaes-Gaeta et al. Scr Med. 2024 Nov-Dec;55(6):685-95.
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Presented study shows that capsules con-
taining fruit extracts conserve antioxidant 
power and have a beneficial effect on pre-
venting the oxidation of lipids and proteins 
in hypertensive individuals. The antioxidant 
effect observed points to the fact that dietary 
supplementation with fruit extract capsules 
somehow interrupted the vicious cycle that 
causes oxidative damage to lipids and pro-
teins in hypertensive patients. Certainly, the 
increased activity of the catalase enzyme, 
also observed in this study, is involved in de-
creasing oxidative stress, due to its ability 
to neutralise hydrogen peroxide. In addition 
to this electrochemical effect, the data pre-
sented here show a reduction in insulin re-
sistance after consumption of fruit extracts. 
This metabolic effect can be considered im-
portant because it improves one of the main 
mechanisms of the metabolic syndrome, the 
insulin resistance.

The fact that a decrease occurred in protein 
oxidation is of great relevance due to its im-

Discussion

Figure 5: Catalase levels in normotensive and hypertensive subjects at baseline, after placebo and extract 
(mean ± SE)

NB – normotensive at baseline; NP – normotensive on placebo; Nex – normotensive on extract; HB – hypertensive at baseline; HP – 
hypertensive on placebo; Hex – hypertensive on extract. * = extract vs baseline; 

Intragroup analyses demonstrate that catalase val-
ues   after supplementation were significantly dif-
ferent from baseline and after the placebo period. 

plications, because the carbonylation of pro-
teins widely affects cellular function, reach-
ing enzymes, receptors, membrane transport 
proteins, modulating immune response pro-
teins and causing irreversible damage when 
it affects repair enzymes in the genetic mate-
rial. Furthermore, oxidised proteins can con-
tribute to the generation of secondary dam-
age to other biomolecules.20

According to the Haytowitz and Bhagwat21 
database, a blueberry capsule is equivalent 
to approximately six units of the fresh fruit, 
a cranberry capsule has an antioxidant ca-
pacity similar to seven units of the fruit and a 
pomegranate capsule is equivalent to approx-
imately half of a small unit of fruit. Thus, it 
is possible to obtain the benefits shown here 
with a small dose supplementation.

The fact that we did not use larger doses of 
fruit extract is directly related to the prob-
lem of medication adherence. Low adherence 
to drug treatment in chronic diseases is very 
common; however, in AH it is even more pro-
nounced because most individuals do not 
have symptoms.22 The number of prescribed 
doses is one of the factors that contribute to 
low adherence to treatment. In presented 
case, to ensure better adherence, it was de-
cided to administer 3 doses daily. For us to 
achieve a meaningful dose of the extracts, the 
capsules had to be large in size.

Novaes-Gaeta et al. Scr Med. 2024 Nov-Dec;55(6):685-95.
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More than 90 % adherence to supplementa-
tion was achieved and rates of 80 % can be 
considered acceptable.23 The success of pre-
sented intervention can be attributed to two 
factors. The first was to carry out weekly 
telephone contacts as a way to bring the pa-
tient closer to the researcher and monitor ad-
herence. The other important factor was that 
the study started with the administration of 
the placebo, so the habit of ingesting the cap-
sules was incorporated into the participants’ 
routine during the placebo phase, in order to 
prevent the low consumption of fruit extract 
capsules.

A limitation of this study is that the dose of 
antioxidants is relatively low. It is known that 
the concentration of polyphenols in a juice, 
for example, depends on the type of process-
ing the food has undergone. Many marketed 
fruit juices are filtered to produce a sedi-
ment-free liquid. With that, the fibre and the 
number of polyphenols present in the drink 
are removed.21 Although the drink contains 
a higher concentration of polyphenols when 
it is not filtered, from a commercial point of 
view, it is not interesting. For this reason, re-
searchers chose to indicate the consumption 
of capsules with the dry fruit extract, as a 
way to maintain the antioxidant properties of 
the fruit with greater integrity.

To authors’ knowledge this is the first study 
using fruit extract capsules as a source of an-
tioxidants in hypertensive and normotensive 
patients. Therefore, it is difficult to compare 
data with those in the literature. Even when 
presentations like juices, frozen fruits, or 
dried fruits are used, it is difficult to establish 
comparisons because the processing differs a 
lot between studies.24

Artificial antioxidants are potentially car-
cinogenic and therefore of limited use. Ac-
cordingly, there is a great effort in research to 
use waste products from fruits rich in poly-
phenols as antioxidant agents.25 Blueberries, 
cranberries and pomegranates, in general, 
are processed to remove juice and bagasse 
and seeds are disposed of. Bagasse and seeds 
are very rich in polyphenols, which can be 
used to produce capsules containing fruit ex-
tracts.

In the study by Lopes et al19 a reduction in 

blood pressure levels was observed in obese 
hypertensive individuals following a stan-
dard DASH diet, ingesting 4 to 5 servings of 
fruit per day. Our proposal of supplementa-
tion with fruit extract is limited compared 
with the use of the DASH diet, in which a large 
number of antioxidants from vegetables, le-
gumes and fruits have been used. Perhaps 
this is an explanation for why there was a 
drop in blood pressure levels in hypertensive 
patients. The DASH diet is the gold standard 
for preventing and treating high blood pres-
sure. The combination of foods present in 
the DASH diet is superior to supplementation 
with only fruit capsules when the objective is 
to reduce blood pressure levels. 

In addition, it should be taken into account 
that some antioxidants have a greater spec-
ificity to control AH, as is the case with quer-
cetin present in blueberries.26 It is interesting 
to note that the structural modification that 
occurs in polyphenols during food processing 
alters their antioxidant capacity: supplemen-
tation with wine capsules reduced BP, where-
as grape juice capsules had no similar effect.27

The anthropometric indices used in the pres-
ent study were weight, height, WC, NC and 
BMI. All these measurements were performed 
for the clinical assessment of metabolic risk 
associated with body adiposity, because 
they are easy, simple, practical, non-invasive 
measures. WC measurement is a way to esti-
mate visceral adiposity. In this study, women 
(hypertensive and normotensive) had an in-
creased WC above 88 cm. At first, this confers 
a greater cardiovascular risk.28 In relation to 
men, the WC was less than 102 cm.

NC is a simpler and more practical measure 
compared with WC and is not influenced by 
postprandial abdominal distension or respi-
ratory movements.29 The increase in NC is 
associated with abdominal visceral fat. The 
consumption of fruit extract did not modify 
the NC in the study groups.
 
Hypertensive and obese individuals have a 
low-intensity inflammatory process and in-
creased oxidative stress.30, 31 This condition 
leads to alterations in the levels of cytokines 
and free radicals.32 It has long been known 
that antioxidants present in fruits affect the 
functions of inflammatory cells, usually in-

Novaes-Gaeta et al. Scr Med. 2024 Nov-Dec;55(6):685-95.
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Supplementation with cranberry, blueberry 
and pomegranate extract capsules reduced in-
sulin resistance in hypertensive patients and 
normotensive volunteers and also had an im-
pact on decreasing oxidative stress, through 
increased catalase enzyme activity and re-
duced lipid peroxidation and oxidative damage 
to proteins.

Conclusion

The study was submitted to and approved by the 
Ethics Committee for Analysis of Research Proj-
ects at the Hospital das Clínicas, Faculty of Medi-
cine, University of São Paulo (CAPPesq), decision 
number 1.157.544, dated 2 September 2015.
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flavonoids are recognised as immunomod-
ulators.33 As a result, the levels of C-reactive 
protein (CRP), interleukins 2, 4 and 6, TNF-al-
pha, monocyte chemotactic factor (MCP1), 
leptin and adiponectin, an adipocytokine 
with anti-inflammatory action were evaluat-
ed. There was no difference in cytokine levels 
in the two groups after intervention with an-
tioxidant capsules.

The effects of antioxidants on inflammato-
ry markers in humans are controversial, be-
cause the amount of antioxidants ingested 
in the usual diet can vary greatly between 
individuals, in addition to being a parame-
ter that is difficult to control and monitor. To 
overcome this difficulty, studies with a large 
number of participants are needed. For ex-
ample, in a multicentre, international study 
with 315 participants without associated 
chronic diseases, it was observed that lower 
levels of active polyphenols are associated 
with higher levels of plasma CRP and vice ver-
sa, indicating an inversely proportional rela-
tionship between inflammatory markers and 
polyphenols.34

Data in the literature show the effect of fla-
vonoids in regulating glucose by increasing 
insulin secretion.35, 36 In the present study, 
an increase in plasma insulin after consump-
tion of extracts and fruits was not observed. 
However, the HOMAir index declined in both 
groups after consumption of fruit extracts, 
indicating an improvement in insulin sensi-
tivity.

The assessment of enzyme activity, SOD, gives 
us an idea of   the body’s immediate response 
to oxidative stress. In presented study, there 
was no change in SOD levels after the use of 
fruit extract capsules. In the study by Riso et 
al37 dietary supplementation with blueberry 
juice in adult men did not change SOD levels 
after six weeks of intervention. In this study, 
an increase in catalase levels in both groups 
was observed, which suggests an increase in 
antioxidant levels. Regarding FRAP, the val-
ues   did not change after using the antioxidant 
capsules. On the other hand, one month sup-
plementation of 500 g of fresh strawberries 

in healthy volunteers resulted in an increase 
in antioxidant capacity, assessed by the FRAP 
and oxygen radical absorbance capacity 
tests.38 Probably the number of antioxidants 
offered in that study was higher than in pre-
sented study.

As is well known, consuming fruit is a way 
of ingesting polyphenols, important antioxi-
dants. Although this study has some limita-
tions, results encourage us to consume fruit 
extract capsules, as it is easy and practical.
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