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Objective: This study aimed to evaluate the effects of short-term (60-d) oral supplementation with
calcium fructoborate, resveratrol, and their combination on the clinical and biological statuses of
subjects with stable angina pectoris.
Methods: A randomized, double-blinded, active-controlled, parallel clinical trial was conducted in
three groups of subjects. Of the total number of subjects included in study (n ¼ 166), 87 completed
the 60-d test treatment study period and 29 followed in parallel their usual medical care and
treatment. The primary outcomes were inﬂammation biomarkers (high-sensitivity C-reactive
protein), left ventricular function markers (N-terminal prohormone of brain natriuretic peptide),
and lipid markers (total cholesterol, low-density lipoprotein cholesterol, high-density lipoprotein
cholesterol, and triacylglycerols). Quality of life was assessed by the Canadian Cardiovascular
Society angina class and the number of angina attacks per week.
Results: There was a signiﬁcant decrease of high-sensitivity C-reactive protein in all groups at the
30-d and 60-d visits. This decrease was greater (39.7% at 60 d) for group 3 (calcium fructoborate),
followed by group 2 (resveratrol plus calcium fructoborate, 30.3% at 60 d). The N-terminal prohormone of brain natriuretic peptide was signiﬁcantly lowered by resveratrol (group 1, 59.7% at
60 d) and by calcium fructoborate (group 3, 52.6% at 60 d). However, their combination (group 2)
was the most effective and induced a decrease of 65.5%. Lipid markers showed slight changes from
baseline in all groups. The improvement in the quality of life was best observed for subjects who
received the resveratrol and calcium fructoborate mixture (group 2).
Conclusion: The results indicate that the combination of resveratrol and calcium fructoborate has
beneﬁcial effects in patients with angina (ClinicalTrials.gov, ISRCTN02337806; March 25, 2010).
Ó 2013 Elsevier Inc. All rights reserved.
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Introduction
Atherosclerotic ischemic heart disease is a major health problem
worldwide [1]. Inﬂammation is a main factor in the initiation,
progression, and acute complications of an atherosclerotic plaque
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[2]. Resveratrol has shown signiﬁcant cardiovascular protective
effects [3] in models of myocardial injury [4,5], systemic and
pulmonary hypertension [6], and type 2 diabetes [7]. Several cardioprotective mechanisms of resveratrol, including antioxidant,
anti-inﬂammatory, and anti-ﬁbrotic actions, have been identiﬁed
[8]. The low in vivo bioavailability caused by rapid resveratrol
metabolism and elimination, its major disadvantages, limits the
results for patient studies [9]. Boron is a bioactive element for
humans and boron-containing compounds present different biological activities [10]. Calcium fructoborate (CF) is a complex of
calcium, fructose, and boron found naturally in fresh and dried

C. Militaru et al. / Nutrition 29 (2013) 178–183

fruits, vegetables, herbs, and wine [11,12]. In previous studies,
the effect of CF on human polymorphonuclear neutrophils and
macrophages, which play a central role in the inﬂammatory
response, has been investigated [13,14]. Two very recent studies
have provided important information on the possible molecular
anti-inﬂammatory activity of CF in the treatment of osteoarthritis
[15,16].
The purpose of this controlled pilot study was to assess the
short-term synergistic effect of resveratrol in combination with
CF on the clinical and biological statuses of subjects with stable
angina pectoris. The combination of these two substances was
based on the fact that CF acts as a stabilizer for resveratrol
degradation in the digestive tract [17]. Furthermore, CF might
present a positive synergism together with resveratrol, increasing the anti-inﬂammatory properties of the former and the
biological efﬁcacy of the latter as an antioxidant agent.
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considerations. Nevertheless, this trial had a control group with subjects who
fulﬁlled inclusion criteria, but they received only their usual medical care and
treatment, without any test materials, during the clinical trial. The number of
total enrolled subjects was 166 (Fig. 1). Of 116 subjects who met the inclusion
criteria, 87 were included in the intention-to-treat analysis, divided into three
groups (29 subjects in each group), and all completed the entire protocol. The
remaining 29 were included in the control group and underwent the same
analysis as those who received the test materials. The subjects’ ages ranged from
42 to 83 years (mean age 65 y). There were more men (71, 61.2%) than women
(45, 38.8%). Most were in Canadian Cardiovascular Society (CCS) angina class III at
inclusion (62%), 30% were in class II, and 8% were in class IV. Table 1 presents the
baseline demographic characteristics of the subjects who successfully completed
the study and the background medication. There were no signiﬁcant differences
among the groups. All subjects continued with their medical therapy as
prescribed by their treating physicians. Subjects did not receive any nutritional
supplements or other products. They were instructed to follow a diet low in salt
or fat if they were hypertensive or dyslipidemic, respectively. Patients with
diabetes mellitus were instructed to follow the recommendation of their treating
physicians.
Inclusion criteria

Materials and methods
Study design
The study was randomized, double-blinded, active-controlled, and paralleled
with three groups of subjects who received the test drugs and one control group
of subjects who were not randomized. This single-center trial was approved by
the institutional ethics committee of the Craiova Cardiology Center (Craiova,
Romania) according to decision no. 400 in February 2010. The trial also was in
accord with the Declaration of Helsinki of 1975, which was last reviewed in 2008.
Placebo was not admitted by the hospital bioethics commission owing to ethical

Male and female subjects at least 18 y of age were included. All had been
diagnosed with angina pectoris (CCS classes II–IV), and they had to be in stable
clinical condition for at least 1 mo (angina class, angina frequency). The subjects’
body mass index range was 24 to 27 kg/m2 (overweight but not obese). Subjects
had to be on standard and stable treatment for angina in the previous month.
Exclusion criteria
Subjects who were unlikely to cooperate in the study, had legal incapacity or
limited legal incapacity, and were pregnant or breast-feeding or had child-

Assessed, enrolled subjects
(n = 166)
Excluded (n = 50)
Not meeting inclusion criteria
(n = 21)
Refused to participate (n = 29)

Allocation
(n = 116)
Control Group (n = 29)
(usual medical care and
treatment)

Analysis

Analyzed PP (n = 29)
Excluded PP (n = 0)

Group 1 (n = 29)
(RSV – 20 mg/day)

Follow-Up

Group 2 (n = 29)
(RSV – 20 mg/day +
CF – 112 mg/day)
Follow-Up

Received all tx (n = 29)

Received all tx (n = 29)

Analysis

Analysis

Analyzed ITT (n = 29)
Analyzed PP (n = 29)
Excluded PP (n = 0)

Analyzed ITT (n = 29)
Analyzed PP (n = 29)
Excluded PP (n = 0)

Group 3 (n = 29)
(CF – 112 mg/day)

Follow-Up

Received all tx (n = 29)

Analysis

Analyzed ITT (n = 29)
Analyzed PP (n = 29)
Excluded PP (n = 0)

Fig. 1. Flow chart for subject recruitment. CF, calcium fructoborate; ITT, intention to treat; PP, patients; RSV, resveratrol; tx, study treatment.
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Table 1
Baseline demographic characteristics and concomitant therapy of subjects who
successfully completed the study

Characteristics
Age (y), mean  SD
Men/women (n)
History of MI (%)
Previous PCI or CABG (%)
History of hypertension (%)
History of DM (%)
History of PAD (%)
Medication
b-Blocker (n)
ACEI/ARB (n)
Calcium channel blocker (n)
Nitrate (n)
Statin (n)
Other lipid-lowering drug (n)
Antiplatelets (n)
Acenocoumarol (n)

Group 1

Group 2

64.9  5.8
17/12
41.37
13.79
100
44.82
20.68

66.3  5.5 63.7  6.2 64.2  7.1
18/11
18/11
18/11
41.37
48.27
44.82
17.24
13.79
13.79
96.55
93.1
96.55
41.37
44.82
41.37
20.68
17.24
17.24

27
23
8
12
18
5
23
6

26
24
10
14
16
7
21
7

Group 3

28
22
7
11
21
4
25
4

Control

26
23
5
12
20
6
25
3

ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor
blocker; CABG, coronary artery bypass grafting; DM, diabetes mellitus; MI,
myocardial infarction; PAD, peripheral arterial disease; PCI, percutaneous
coronary intervention

not
eno
ugh
B

weak
refere
nces

bearing potential were excluded from the study. Participants in another drug or
device trial at the same time or within the previous 30 d or within ﬁve drug halflives of the investigational materials or within the time legally required by the
regulatory authorities, whichever was longer, and those with recent (<3 mo)
hospitalization for unstable angina, myocardial infarction, or coronary revascularization were also declared non-eligible for this study. In addition, subjects with
known alcohol or drug abuse, known moderate or severe liver disease (Child–
Pugh score >7), known severe renal disease (serum creatinine >220 mmol/L) or
known anemia (blood hemoglobin <11 g/L), and known chronic inﬂammatory
disease did not participate in the study.
The study used a patented, commercially available dietary supplement that
was previously shown to be identical to a naturally occurring plant-based boron
carbohydrate, i.e., CF [12]. A powdered extract standardized to 50% resveratrol
also was used. Subjects were randomized into three groups for treatment.
Supplementation for the groups was double-blinded. Group 1 received a single
daily capsule of resveratrol 20 mg/d (trans-resveratrol 10.0 mg) in addition to
their usual medical care and treatment. Group 2 received a single daily capsule
of resveratrol 20 mg/d (trans-resveratrol 10.0 mg) combined with CF 112 mg/d
(boron 3.0 mg/d) in addition to their usual medical care and treatment. Group
3 received a single daily capsule of CF 112 mg/d (boron 3.0 mg/d) in addition to
their usual medical care and treatment. The non-randomized control group
received only their usual medical care and treatment.
The daily serving size of CF was based on the recommended daily levels of
boron intake (0.5–7.0 mg/d per person) [18,19]. Using the boron content database
of foods commonly consumed by urban and rural Romanians, the boron intake
was calculated for the population of Craiova and its surroundings and was equal
to 2.0  0.7 mg/d per person (mean  standard deviation) and uniformly
distributed between men and women [15]. During the trial, we did not measure
the CF content from food, but from data in the literature, and knowing the boron
intake for the local population, the CF amount from nutrition should not exceed
5 mg as boron [11].
In humans, less than 5% of the oral dose has been observed as free resveratrol
in blood plasma [9,20]. In our trial, we did not measure plasma levels of
resveratrol because previous research has stated that CF stabilizes resveratrol
degradation in the digestive tract [17]. The optimum amount of resveratrol was
administered to subjects as a function of the amount of boron. The stability ratio
between resveratrol and boron is 1:10. In the present study, we used the
optimum boron concentration for nutrition; thus, the amount of resveratrol
could not have exceeded this determined ratio [17].
The follow-up included three visits: inclusion, at 1 mo (30 d), and at 2 mo
(60 d). The study treatments were well tolerated.
Noninvasive two-dimensional echocardiography was performed only at
inclusion to exclude left ventricular systolic dysfunction or heart failure.
Coronary angiography was not performed because, it is highly unlikely that
a regression of atherosclerotic plaques would be observed in such short time
(e.g., 2 y in one study [21]). Platelet function was not assessed.
Tolerance was evaluated at each visit by asking subjects about the appearance of any adverse events. Compliance was assessed after each subject returned
the test material boxes by counting the remaining capsules and calculating the
percentage of compliance.

Statistical analyses
SPSS 15.0 for Windows (SPSS, Inc., Chicago, IL, USA) was used for statistical
analyses. The sample size was determined by a power analysis based on the
preliminary results that were obtained in the cardiology center. After 30 and 60 d,
respectively, differences between mean values obtained for each marker under
evaluation were analyzed using Student’s t test and the Wilcoxon signed-rank
test. The former was used for the primary outcomes (Tables 2 and 3) and the
number of angina episodes and nitroglycerin consumption per week (Table 4),
and the latter was used for Seattle Angina Questionnaire (SAQ) results and CCS
angina class (Table 5). The statistical signiﬁcance was deﬁned at the level of 95%
(P < 0.05) for Student’s t test and the signiﬁcance level was an a value equal to
0.001 for the Wilcoxon signed-rank test. All the obtained results were compared
with baseline values. In Tables 2, 3, and 4, the results are expressed as mean 
standard deviation. In the same tables, values within parentheses represent
the percentage of differences compared with baseline. This was computed as
(x0  x)/x0  100%, where x0 is the initial value (at inclusion) and x the actual
value (after 30 and 60 d, respectively). Owing to the number of subjects (29) in
each group, we chose t repartition, which requires a near-gaussian distribution
of data and similar standard deviations in the compared groups. Before the
statistical analysis, variables were examined for normal distribution as determined by the Kolmogorov–Smirnov and Shapiro–Wilk tests. To verify the similarity of dispersions, the Levene test was used.
Primary outcome measurements (biochemical parameters)
For biochemical analyses, blood samples of fasting venous blood were taken
in the morning and after 30 d and then 60 d of treatment. Commercial tubes were
used to collect the blood for biochemical parameter determination. Basic
biochemical parameters such as lipid proﬁle (total cholesterol, high-density
lipoprotein [HDL] cholesterol, low-density lipoprotein [LDL] cholesterol, and
triacylglycerols) and inﬂammatory markers (serum high-sensitivity C-reactive
protein [hs-CRP]) were analyzed in serum by standard biochemical procedures
using the Cobas Integra 400 Plus automatic analyzer and kits (Roche,
Switzerland). N-terminal prohormone of brain natriuretic peptide (NT-proBNP)
was determined using the Cobas h232 analyzer and tests (Roche Diagnostics
GmbH, Mannheim, Germany).
Secondary outcomes measurements (quality of life)
Secondary outcomes were the CCS angina class as assessed by a physician
during the subject’s interview, the mean number of angina attacks per week,
and the SAQ scores obtained at inclusion and the ﬁnal visit after 60 d. The
questionnaires were completed by the subjects or with the help of a relative or
nurse. Regarding the number of angina episodes per week and nitroglycerin
consumption, subjects were instructed to keep a diary with the number of angina
episodes they had and the number of nitroglycerin tablets they used. The SAQ is
a 19-item questionnaire intended to measure functional status in subjects with
coronary artery disease [22,23].
Safety assessment
Two emergency telephone numbers were given to the subjects to maintain
contact during the study in case of adverse events or other concerns related to
the study. Participants were instructed to inform the test supervisor if they chose
to discontinue the study owing to adverse effects.
Table 2
Changes in hs-CRP and NT-proBNP
Inclusion
hs-CRP (mg/L)
Group 1
6.9  2.5
Group 2
6.6  2.6
Group 3
6.8  1.9
Control
6.6  2.4
NT-proBNP (pg/mL)
Group 1
674  192
Group 2
662  238
Group 3
684  151
Control
671  218

Month 1
5.7 
6.2 
5.3 
6.2 
552
498
531
582






Month 2

1.9 (17.3%)
2.5 (6%)
2.5 (22%)
2.1 (6%)
232
147
165
197

(18.1%)
(24.7%)
(22.3%)
(13.2%)

P*

5.2
4.6
4.1
5.9






1.7
1.8
1.5
2.6

271
228
324
514






137 (59.7%)
84 (65.5%)
102 (52.6%)
207 (23.3%)

(24.6%)
(30.3%)
(39.7%)
(10.6%)

0.03
0.02
0.005
0.04
0.02
0.01
0.03
0.04

hs-CRP, high-sensitivity C-reactive protein; NT-proBNP, N-terminal prohormone
of brain natriuretic peptide
Data are presented as mean  SD (percentage of differences from baseline)
* Statistical signiﬁcance from baseline, computed at the end of trial (Student’s
t test).
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Table 3
Changes in lipid proﬁle
Inclusion
Total cholesterol (mg/dL)
Group 1
Group 2
Group 3
Control
LDL cholesterol (mg/dL)
Group 1
Group 2
Group 3
Control
HDL cholesterol (mg/dL)
Group 1
Group 2
Group 3
Control
Triacylglycerols (mg/dL)
Group 1
Group 2
Group 3
Control

Month 1

Month 2

P*

176.5
167.5
172.5
169.4






89
95
75
85

171.1
165.2
166.8
166.3






97
89
77
91

164.3
163.7
162.2
164.8






79
71
69
82

(6.9%)
(2.2%)
(5.9%)
(2.7%)

0.02
0.04
0.03
0.04

123.2
118.5
122.6
121.2






63
57
46
61

118.4
115.2
115.1
118.7






59
54
49
57

115.3
113.2
111.2
116.6






57
56
55
52

(6.4%)
(4.4%)
(9.2%)
(3.7)

0.03
0.04
0.02
0.04

54.1  33 (1.6%)
52.8  35 (0.9%)
52.7  26 (5.1%)
51.6  29 (0.3%)

0.03
0.04
0.03
0.04

53.2  25
52.3  45
50.1  20
51.8  23
134.1
127.1
137.6
132.4






64
72
54
69

52.8  27
51.9  27
51.3  23
51.2  32
131.2
127.8
135.8
130.4






72
67
62
81

128.8
125.7
132.7
129.8






58
68
64
72

(3.9%)
(1.1%)
(3.5%)
(1.9%)

0.03
0.04
0.03
0.04

HDL, high-density lipoprotein; LDL, low-density lipoprotein
Data are presented as mean  SD (percentage of differences from baseline)
* Statistical signiﬁcance from baseline, computed at the end of trial (Student’s
t test).

Results
There was a signiﬁcant decrease of hs-CRP in all groups at the
30-d and 60-d visits (Table 2). This decrease was greater for
group 3 (CF), followed by group 2 (resveratrol plus CF). After 30 d,
group 3 continued to show the greatest decrease (22%), followed
by groups 1 and 2 (almost insigniﬁcant). After 60 d, group 2
exceeded group 1 (30.3% versus 24.6%), but group 3 (CF) still
showed the most signiﬁcant decrease (39.7%).
Table 2 presents the changes in NT-proBNP in all groups. NTproBNP was signiﬁcantly lowered by resveratrol (group 1, by
59.7% at 60 d) and by CF (group 3, by 52.6% at 60 d). Their
combination was the most effective (group 2) and induced
a decrease of 65.5% (P ¼ 0.01, statistical signiﬁcance from baseline). The downward trend for group 2 was the greatest after the
ﬁrst month and at the end of the study. The decrease in the
control group was very low (10.6% for hs-CRP and 23.3% for NTproBNP) compared with the other groups.
The lipid proﬁle (Table 3) showed a favorable trend in all
groups. Total cholesterol, LDL cholesterol, and triacylglycerols
decreased, whereas HDL cholesterol increased. Based on the
percentage of differences from baseline computed at the end of
study, the greatest decrease in LDL cholesterol (9.2%) and the
Table 4
Angina episodes and weekly nitroglycerin consumption

Angina episodes/wk
Group 1
Group 2
Group 3
Control
Nitroglycerin consumption
(tablets or puffs/wk)
Group 1
Group 2
Group 3
Control

Inclusion

Month 1

Month 2

P*

4.2
4.4
4.5
4.2

3.3
3.2
3.5
3.8

2.1
1.8
2.3
3.2

(50%)
(59%)
(48.8%)
(23.8%)

0.02
0.002
0.02
0.03

3.2
3.4
3.1
3.4

2.3
2.1
2.4
2.8

1.4
1.1
1.4
2.4

(56.2%)
(67.6%)
(54.8%)
(29.4%)

0.006
0.003
0.007
0.02

Data are presented as number (percentage of differences from baseline)
* Statistical signiﬁcance from baseline, computed at the end of trial (Student’s
t test).
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greatest increase in HDL cholesterol (5.1%) were for subjects
taking CF (group 3). Group 1 (resveratrol) presented the most
signiﬁcant decreases for total cholesterol (6.9%) and for triacylglycerols (3.9%), although the latter value was very close to
that obtained for group 3 (3.5%). It is important to note that
during the study, subjects previously prescribed statins by their
treating physician continued their statin therapy. Statins may
have had an inﬂuence on the obtained results, but the results
from the control group were rather low (3.7% versus 9.2% for
LDL cholesterol, 0.3% versus 5.1% for HDL cholesterol, 2.7%
versus 6.9% for total cholesterol, and 1.9% versus 3.9% for
triacylglycerols) compared with groups 1 and 3.
There was an improvement in the subjects’ quality of life in
all groups. Tables 4 and 5 present the signiﬁcant decreases
in the number of angina episodes per week and nitroglycerin
consumption, increases in SAQ scores, and improvement in
angina class in all groups. In Table 4, the improvement in the
quality of life was best observed for subjects in group 2 (resveratrol plus CF), because the percentages of differences obtained
from baseline were the highest compared with the other groups.
Thus, the decrease in angina episodes per week was 59%. Nitroglycerin consumption followed a similar trend, with a decrease of
67.6%. For groups 1 and 3, the results were comparable and
signiﬁcant: the decreases in angina episodes per week were 50%
for group 1 (resveratrol) and 48.8% for group 3 (CF). For nitroglycerin consumption, the decreases after 60 d were 56.2% for
group 1 and 54.8% for group 3. For the control group, the decrease
was almost half (23.8% and 29.4%, respectively) compared with
the other groups.
All SAQ measurements showed a signiﬁcant improvement
from baseline to the 60-d follow-up (Table 5). The greatest
difference was observed in SAQ angina stability, for which the
resveratrol plus CF treatment produced an increase from 44.2
to 86.5. As presented in Table 5, an improvement in CCS angina
class at the 2-mo follow-up in all treatment groups was observed.
There were signiﬁcantly fewer subjects in classes III and IV;
most were in class II, and only a few subjects were in class I.
Discussion
All subjects in this study had been diagnosed with stable
angina pectoris. Coronary artery disease, the main cause of
angina, is caused by atherosclerosis of the coronary arteries.
Atherosclerosis is an inﬂammatory disease and not merely the
passive accumulation of lipids within the artery walls. The literature provides information that oxidized LDL is one risk factor
for atherosclerotic inﬂammation. HDL has a protective effect
against the development of atherosclerosis, which results partly
from its anti-inﬂammatory and antioxidant properties [24–26].
Studies of the mechanisms of atherosclerosis have suggested that
anti-inﬂammatory and antioxidant agents might be protective
[24,27].
The two substances being tested in this trial, CF and resveratrol, were well tolerated. From the literature, the highest dose of
CF administered was 37.5 mg/kg. No toxicity was noted at this
dosage [28]. Resveratrol presents a low toxicity [29].
Orally ingested boron has been observed to be well absorbed
(>90%) from the gastrointestinal tract in humans, rats, and
rabbits. Boron as borate is readily and almost completely absorbed (>90%) from the human gut [30,31]. About 70% of the
resveratrol dose given orally as a pill is absorbed; nevertheless,
the oral bioavailabilityof resveratrol is low because it is rapidly
metabolized in the intestines and liver into conjugated forms,
i.e., glucuronateand sulfonate. Only trace amounts (<5 ng/mL) of
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Table 5
SAQ results and CCS angina class*
Group 1

SAQ
Physical limitations
Angina stability
Angina frequency
Treatment satisfaction
Disease perception
Visual scale score
CCS angina class
I
II
III
IV

Group 2

Group 3

Control

Baseline

Month 2

Baseline

Month 2

Baseline

Month 2

Baseline

Month 2

52.2
46.7
48.6
67.5
33.4
63.2

64.3
81.2
69.4
78.1
52.1
74.5

50.5
44.2
46.5
68.4
32.1
64.5

66.4
86.5
73.1
81.3
54.4
77.1

53.4
47.3
46.8
66.2
34.7
61.8

64.4
82.6
70.2
78.3
55.6
75.6

55.3
49.3
47.2
69.1
34.1
62.4

59.1
61.2
59.4
73.2
41.2
68.1

0
8
19
2

4
13
10
1

0
8
18
3

5
11
12
1

0
10
17
2

7
13
8
1

0
9
18
2

2
10
16
1

CCS, Canadian Cardiovascular Society; SAQ, Seattle Angina Questionnaire
* P < 0.001 (Wilcoxon signed-rank test).

unchanged resveratrol have been detected in the blood after
a 25-mg oral dose [9].
Boron supplements have been reported to lower the platelet
count and potentially decrease the risk of thrombosis [32], and
experimental evidence has been obtained for the likely usefulness of boron-containing thrombin inhibitors in the treatment of
cardiovascular disorders [33]. Recent studies in animal models
have suggested that boron deprivation increases the concentrations of plasma homocysteine [34] and insulin [35], which have
been suggested as risk factors for heart disease.
For this trial, we chose this combination of CF and resveratrol
because previous research has suggested that CF stabilizes
resveratrol degradation in the digestive tract [17], CF has been
shown to be an important anti-inﬂammatory agent [11,15], and
resveratrol has been found to have antioxidant properties [36].
CF also is an antioxidant [11]. The objective was to assess their
synergetic effect on the markers under investigation: inﬂammation, left ventricular function, and lipids.
The increase in CRP levels in the blood is recognized as
a marker of cardiac disease risk, and it has a prognostic value in
coronary artery disease [37]. Regarding the systemic inﬂammation measured by hs-CRP, the obtained results showed that
resveratrol and especially CF (after 60 d, the decrease was 39.7%)
have the beneﬁcial effects of signiﬁcantly decreasing the hs-CRP
level. The CF results are consistent with previous studies in
which CF in similar serving sizes caused signiﬁcant decreases in
hs-CRP [15,16]. This is further conﬁrmation of the strong
anti-inﬂammatory effects of CF.
The 76-amino acid NT-proBNP fragment is the most frequently
used plasma marker of congestive heart failure [38]. According to
the obtained results, the observed decrease was rather high
(65.5% in group 2).
According to data from the literature, hs-CRP and NT-proBNP
were monitored. Levels of NT-proBNP have been reported to be
signiﬁcantly higher (182.8 pg/mL) in ischemic patients compared
with those without ischemia (88.4 pg/mL), with a median hs-CRP
level of 2.2 mg/mL [39]. Moreover, in a study of different antianginal therapies, after 12 mo of treatment with valsartan and
enalapril, patients with stable, symptomatic heart failure presented signiﬁcantly decreased levels of NT-proBNP (15.3%
versus 13.6% changes, respectively) and hs-CRP (105.7% versus
73.3% changes, respectively) compared with baseline [40]. In the
present study, hs-CRP and pro-BNP showed signiﬁcant changes
in a relatively short time (2 mo). This ﬁnding opens new directions
of research regarding the use of natural adjuvants (CF plus
resveratrol) for improving the standard antianginal therapies.

Regarding lipid markers, improvements in levels of LDL
cholesterol and HDL cholesterol were most numerically signiﬁcant in the CF group (group 3), whereas the resveratrol group
(group 1) showed the best results for total cholesterol and triacylglycerols, although the values were rather close to those in
group 3. The observed changes seem small (<10%) but are nonetheless important because any statistically signiﬁcant changes in
these important cardiovascular markers may decrease the risk of
heart disease.
Furthermore, this study showed that the combination of
resveratrol and CF (group 2) elicited signiﬁcant improvements in
the number of angina episodes and nitroglycerin consumption
per week and in the quality of life for subjects with stable angina
pectoris.
In the three experimental groups, CF, resveratrol, and their
combination presented positive effects, with the marker values
being signiﬁcantly different from baseline. For the control group,
some changes were noticed, but these were of little signiﬁcance.
Thus, the addition of this control group to the trial highlights the
improvements in the parameters under investigation in the
presence of CF, resveratrol, or their combination in the other
groups.
Although the study would have been improved by a larger
number of subjects and a longer duration, to our knowledge this
is the ﬁrst clinical study that has evaluated the synergistic effects
of resveratrol and CF in patients with ischemic cardiac disease
from a clinical point of view (symptoms) and the beneﬁcial
effects (anti-inﬂammatory and antioxidant) of their combination
on lipid proﬁles and inﬂammation markers. The obtained data
are promising and represent an important base for further trials
(the next trial has been registered in the international database
at http://www.controlled-trials.com/ISRCTN90543844).
Conclusion
The combination of resveratrol and CF has beneﬁcial effects in
subjects with stable angina pectoris and the outcome of this
study supports the use of these products as dietary supplements
for improving quality of life. This trial is a starting point for
studying the action of a resveratrol and CF mixture in patients
with stable angina.
References
[1] LaRosa JC. Future cardiovascular endpoint studies: where will the research
take us? Am J Cardiol 1999;84:545–8.

C. Militaru et al. / Nutrition 29 (2013) 178–183
 R, Packard S, Libby P. Inﬂammation in atherosclerosis: from vascular
[2] Rene
biology to biomarker discovery and risk prediction. Clin Chem 2008;54:
24–38.
[3] Fan E, Zhang L, Jiang S, Bai Y, Fan E, Zhang L. Beneﬁcial effects of resveratrol
on atherosclerosis. J Med Food 2008;11:610–4.
[4] Hattori R, Otani H, Maulik N, Das DK. Pharmacological preconditioning
with resveratrol: role of nitric oxide. Am J Physiol Heart Circ Physiol
2002;282:H1988–95.
[5] Juric D, Wojciechowski P, Das DK, Netticadan T. Prevention of concentric
hypertrophy and diastolic impairment in aortic-banded rats treated with
resveratrol. Am J Physiol Heart Circ Physiol 2007;292:H2138–43.
[6] Csiszar A, Labinskyy N, Olson S, Pinto JT, Gupte S, Wu JM, et al. Resveratrol
prevents monocrotaline-induced pulmonary hypertension in rats. Hypertension 2009;54:668–75.
[7] Zhang H, Morgan B, Potter BJ, Ma L, Dellsperger KC, Ungvari Z, et al.
Resveratrol improves left ventricular diastolic relaxation in type 2 diabetes
by inhibiting oxidative/nitrative stress. Am J Physiol Heart Circ Physiol
2010;299:H985–94.
[8] Burstein B, Maguy A, Clement R, Gosselin H, Poulin F, Ethier N, et al. Effects
of resveratrol (trans-3,5,4-trihydroxystilbene) treatment on cardiac remodeling following myocardial infarction. J Pharmacol Exp Ther 2007;323:
916–23.
[9] Walle T, Hsieh F, DeLegge MH, Oatis JE, Walle UK. High absorption but very
low bioavailability of oral resveratrol in humans. Drug Metab Dispos
2004;32:1377–82.
[10] Nielsen F, Meacham S. Growing evidence for human health beneﬁts of
boron. J Evid Based Complement Alternat Med 2011;16:169–80.
[11] Scorei RI, Rotaru P. Calcium fructoboratedpotential anti-inﬂammatory
agent. Biol Trace Elem Res 2011;143:1223–38.
[12] Rotaru P, Scorei R, Harabor A, Dumitru MD. Thermal analysis of a calcium
fructoborate sample. Thermochim Acta 2010;506:8–13.
[13] Scorei R, Ciubar R, Iancu C, Mitran V, Cimpean A, Iordachescu D. In vitro
effects of calcium fructoborate on fMLP stimulated human neutrophil
granulocytes. Biol Trace Elem Res 2007;118:27–37.
[14] Scorei RI, Ciofrangeanu C, Ion R, Cimpean A, Galateanu B, Mitran V, et al.
In vitro effects of calcium fructoborate upon production of inﬂammatory
mediators by LPS-stimulated RAW 264.7 macrophages. Biol Trace Elem Res
2010;135:334–44.
[15] Scorei R, Mitrut P, Petrisor I, Scorei ID. A double-blind, placebo-controlled
pilot study to evaluate the effect of calcium fructoborate on systemic
inﬂammation and dyslipidemia markers for middle-aged people with
primary osteoarthritis. Biol Trace Elem Res 2011;144:253–63.
[16] Reyes-Izquierdo T, Nemzer B, Gonzalez AE, Zhou Q, Argumedo R, Shu C,
et al. Short-term intake of calcium fructoborate improves WOMAC and
McGill scores and beneﬁcially modulates biomarkers associated with knee
osteoarthritis: a pilot clinical double-blinded placebo-controlled study. Am
J Biomed Sci 2012;4:111–22.
[17] Mitrut P, Burada F, Rogoz I, Genunche-Dumitrescu A. Experimental studies
in vivo regarding the effect of resveratrol extracted from vine on gastric
neoplastic injuries. Unpublished data. Romanian grant 954/2007, type A
CNCSIS. 2007–2009.
[18] European Union 2002. 2002/72/CE Commission directive of 6 August
2002 relating to plastics materials intended to come into contact with
plastics, Ofﬁcial Journal of European Communities, nr. L220 of 15.08.2002,
p.18.
[19] Talbott SM, Hughes K. The health professional’s guide to dietary supplements. 1st ed. Philadelphia: Lippincott Williams & Wilkins; 2006.
[20] Boocock DJ, Faust GE, Patel KR, Schinas AM, Brown VA, Ducharme MP, et al.
Phase I dose escalation pharmacokinetic study in healthy volunteers of
resveratrol, a potential cancer chemopreventive agent. Cancer Epidemiol
Biomarkers Prev 2007;16:1246–52.

183

[21] Nissen SE, Nicholls SJ, Sipahi I, Libby P, Raichlen JS, Ballantyne CM, et al.
Effect of very high-intensity statin therapy on regression of coronary
atherosclerosis: the ASTEROID trial. JAMA 2006;295:1556–65.
[22] Spertus JA, Winder JA, Dewhurst TA, Deyo RA, Fihn SD. Monitoring the
quality of life in patients with coronary heart disease. Am J Cardiol
1994;74:1240–4.
[23] Spertus JA, Winder JA, Dewhurst TA, Deyo RA, Prodzinski J, McDonell M,
et al. Development and evaluation of the Seattle Anginal Questionnaire:
a new functional status measure for coronary artery disease. J Am Coll
Cardiol 1995;25:333–41.
[24] Paoletti R, Gotto AM Jr, Hajjar DP. Inﬂammation in atherosclerosis and
implications for therapy. Circulation 2004;109:III-20–6.
[25] DeJongste MJL, A Tio R, D Foreman R. Chronic therapeutically refractory
angina pectoris. Heart 2004;90:225–30.
[26] Meletis CD. Dietary and lifestyle interventions for a healthy heart. J Altern
Complement Med 1998;4:333–7.
[27] Tangney CC, Rosenson RS. Nutritional antioxidants in coronary heart
disease. In: Rose B, editor. UpToDate. Wellesley, MA: BDR, Inc.; October
2008.
[28] Miljkovic D, Scorei IR, Cimpoiasu VM, Scorei ID. Calcium fructoborate:
plant-based dietary boron for human nutrition. J Diet Suppl 2009;6:
211–26.
[29] Robb EL, Page MM, Wiens BE, Stuart JA. Molecular mechanisms of oxidative
stress resistance induced by resveratrol: speciﬁc and progressive induction
of MnSOD. Biochem Biophys Res Commun 2008;367:406–12.
[30] EFSA. Opinion of the scientiﬁc panel on dietetic products, nutrition and
allergies on a request from the commission related to the tolerable upper
intake level of boron (sodium borate and boric acid). EFSA J 2004;80:
1–22.
[31] USEPA (2004) Toxicological review of boron and compounds. (CAS No.
7440-42-8) In Support of Summary Information on the Integrated Risk
Information System (IRIS) EPA 635/04/052 www.epa.gov/iris US Environmental Protection Agency, Washington D.C. June 2004.
[32] Nielsen FH, Mullen LM, Nielsen EJ. Dietary boron affects blood cell counts
and hemoglobin concentrations in humans. J Trace Elem Exp Med
1991;4:211–23.
[33] Tapparelli C, Metternich R, Ehrhardt C, Zurini M, Claeson G, Scully MF, et al.
In vitro and in vivo characterization of a neutral boron-containing thrombin
inhibitor. J Biol Chem 1993;268:4734–41.
[34] Nielsen FH. Boron deprivation decreases liver S-adenosylmethionine and
spermidine and increases plasma homocysteine and cysteine in rats. J
Trace Elem Med Biol 2009;23:204–13.
[35] Bakken NA, Hunt CD. Dietary boron decreases peak pancreatic in situ insulin
release in chicks and plasma insulin concentrations in rats regardless of
vitamin D or magnesium status. J Nutr 2003;133:3577–83.
[36] van Kimmenade RRJ, Bakker JA, Crijns HJGM, van Dieijen-Visser MP,
Pinto YM. The value of (NT-pro) BNP in the diagnosis, prognosis and
treatment of congestive heart failure. Neth Heart J 2004;12:61–3.
[37] Danchin N. C-reactive protein for risk assessment in coronary artery
disease. Heart 2010;96:325–7.
[38] Mukoyama M, Nakao K, Hosoda K, Suga S, Saito Y, Ogawa Y, et al. Brain
natriuretic peptide as a novel cardiac hormone in humans. Evidence for an
exquisite dual natriuretic peptide system, atrial natriuretic peptide and
brain natriuretic peptide. J Clin Invest 1991;87:1402–12.
[39] Wiersma JJ, van der Zee PM, van Straalen JP, Fischer JC, van Eck-Smit BL,
Tijssen JG, et al. NT-pro-BNP is associated with inducible myocardial
ischemia in mildly symptomatic type 2 diabetic patients. Int J Cardiol
2010;145:295–6.
[40] Lee YS, Kim KS, Lee JB, Ryu JK, Choi JY, Kim BK, et al. Effect of valsartan on
N-terminal pro-brain natriuretic peptide in patient with stable chronic
heart failure: comparison with enalapril. Korean Circ J 2011;41:61–7.

