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Abstract

Introduction: Dietary supplements rich in nitrates and ellagic acid such as beetroot and pomegranate
extracts respectively can enhance cardiorespiratory endurance and help in sustained performance,
efficient recovery, reduced fatigue, increased metabolic efficiency, preventing injury, and improved health.
In this study, a combination of hydro-alcoholic extracts of beetroot and pomegranate peel extract (BPE) is
investigated for its effects on flow-mediated dilation in the brachial artery and fatigue reduction.

Methods: This was a prospective, randomized (1:1:1=BPE 500mg: BPE 1000mg: Placebo), double-blind,
placebo-controlled, three-treatment, three-period, dose-ranging, crossover clinical interventional study
involving a population of 21 healthy individuals aged 20 to 35 years. The primary endpoint assessed
the mean Flow-Mediated Dilation (FMD); secondary outcomes comprised brachial artery diameter, blood
flow velocity, and Chalder Fatigue Scale (CFS). The efficacy endpoints included the change from baseline
in BPE500 and BPE1000 relative to placebo, measured by FMD of the brachial artery, brachial artery
diameter, and blood flow velocity at 1- and 2-hours post-dose on Day 1 and Day 7. CFS was evaluated at
baseline and on Day 7 of each treatment period to measure changes in fatigue.

Result: Twenty-one subjects completed three treatment periods. Both the doses of BPE showed significant
improvements (p<0.05) in mean FMD change compared to placebo as early as 1-hour post dose (BPE500-
increase by 36% on Day 1 and 40% on Day 7; BPE1000-increase by 39% on Day 1 and 44% on Day 7)
and lasting over 2-hour post dose (BPE500-increase by 44% on Day 1 and 43% on Day 7; BPE1000-
increase by 43% on Day 1 and 48% on Day 7). There were no significant differences between BPE500 and
BPE1000. Further, BPE1000 showed significant increase in blood flow velocity 2-hour post dose on Day 7.
In addition, both BPE500 and BPE1000 showed significant decrease in fatigue score on Day 7. No safety
issues were observed throughout the study.

Conclusion: Both BPE500 and BPE1000 showed significant efficacy in improving the flow mediated
dilation, and fatigue without causing any adverse effects. The product was found to be safe and well
tolerated. Further, long-term studies are required to establish the effects of BPE for energy and exercise
performance.

Keywords: Beetroot; Pomegranate; Flow Mediated Dilation (FMD); Physical endurance; Athlete; Fatigue

Abbreviations: AE: Adverse Event; BMI: Body Mass Index; BPE: Beetroot and Pomegranate Extract;
BPE500: Beetroot and Pomegranate Extract 500mg; BPE1000: Beetroot and Pomegranate Extract
1000mg; CFQ/CFS: Chalder Fatigue Questionnaire/Chalder Fatigue Scale; CRP: C-Reactive Protein;
CTRI: Clinical Trials Registry of India; FMD: Flow-Mediated Dilation; HPLC: High-Performance Liquid
Chromatography; ICAM-1: Intercellular Adhesion Molecule-1; ICMR: Indian Council of Medical Research;
NF-kB: Nuclear Factor Kappa-B; NO: Nitric Oxide; NO3™: Nitrate; SAE: Serious Adverse Event; SD: Standard
Deviation; SE: Standard Error; TNF-a: Tumor Necrosis Factor-Alpha; UPT: Urine Pregnancy Test; VCAM-1:
Vascular Cell Adhesion Molecule-1; VO, max: Maximal Oxygen Uptake
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Introduction

Cardiorespiratory endurance metabolism is a complex
process that involves efficiently supplying oxygen to skeletal
muscles and energy to physical activities over extended periods
[1,2]. Though several systems within the body are involved,
cardiovascular, and respiratory systems play vital roles specific
to whole-body performance in gas exchange, oxygen transport,
oxygen utilization, blood circulation, blood pressure regulation,
energy production, heart function, etc., [1,3-6]. In sports, improved
cardiorespiratory endurance is a performance deciding factor
and helps in attaining sustained performance, efficient recovery,
reduced fatigue, increased metabolic efficiency, preventing injury,
and improved health [7,8]. Two principle metabolic processes
involved in cardiorespiratory endurance are aerobic and anaerobic
metabolisms. Aerobic metabolism extracts energy as Adenosine
Triphosphate (ATP) from amino acids, carbohydrates, and fatty
acids via aerobic capacity through oxygen supply while anaerobic
metabolism uses glycolysis and fermentation to produce energy
without the use of oxygen [9,10]. Aerobic metabolism produces
more ATP than anaerobic but is slower in process.

Maximum Oxygen Uptake (VO2max), ventilatory thresholds,
and energy efficiency or economy are limiting performance in
endurance training and sports [8]. Nutritional supplementation
and adjusting their intake, according to the exercise performed,
improves athletic performance in healthy manner [11]. Beta
vulgaris (Beetroot) extract is believed to enhance performance
by increasing blood flow due to higher nitrate content. Besides,
Beetroot is rich in antioxidants such as betalains, vitamin C,
and micronutrients including potassium, sodium, magnesium,
etc, [8,12,13]. Antioxidants properties of Beetroot protect the
system from oxidative stress which might expedite recovery and
subsequent performance [14]. Nitric oxide contributes to the
maintenance of a healthy endothelial function, as it prevents long-
term atherosclerotic disease progression and cardiovascular event
rates because it exerts important vasodilatory, anti-inflammatory,
antithrombotic, anti-proliferative, and anti-adhesive effects [15,16].
A validated non-invasive method to examine cardiovascular health
effects of nutritional interventions that are known to affect NO
bioavailability is brachial artery Flow-Mediated Vasodilation (FMD)
[17]. Brachial artery diameter, and blood flow velocity are other
important predictor of FMD [18].

Punica granatum (Pomegranate) extract is characterized
for containing considerable amounts of biologically active
phytochemicals including flavonoids (e.g. anthocyanins, catechins,
quercetin, and rutin), other types of polyphenols, ellagitannins,
and antioxidant vitamins. Many of these phytochemicals have been
shown to possess antioxidant and anti-inflammatory properties
plus additional biological activities such as inhibition of angiotensin
converting enzyme. All these activities of the pomegranate are
potentially beneficial for the treatment of hypertension and
improvement of endothelial function [19,20]. Studies on nitrate
supplementation have reported reduced hypertension, oxygen
uptake, and blood lactate; enhanced exercise tolerance, exercise
performance, efficiency; increased

and mitochondrial and

oxygenation and blood flow to skeletal muscle. Several exogenous
food sources have been purported to naturally augment this pathway
[21]. BPE contains homogenized beetroot extract standardized for
nitrates and pomegranate peel extract standardized for ellagic acid
in a proprietary ratio. Also, the polyphenol contents present in
beetroot and pomegranate are believed to increase blood flow and
vessel dilation [21]. The current study investigated the efficacy and
safety of BPE on FMD and fatigue in healthy subjects.

Materials and Methods

This was a prospective, randomized (1:1:1), double-blind,
placebo-controlled, three treatments, three period, dose-ranging,
cross-over clinical interventional study. The total duration of the
study was about 38 days including a screening period of 7 days.
The study was initiated after obtaining written approval from an
institutional ethics committee, BGS Global Institute of Medical
Sciences Institutional Ethics Committee, Bangalore, India. The study
was carried out as per the requirements of the Indian Council of
Medical Research (ICMR) ethical guidelines, International Council
for Harmonization (ICH) Guidance on Good Clinical Practice (E6R2)
and the Declaration of Helsinki. The study was registered with the
Clinical Trials Registry of India (CTRI/2023/10/058371).
Eligibility criteria

Inclusion criteria: Subjects who metall the following inclusion
criteria were included in the study. Healthy and physically active
male/female volunteers aged between 20 to 35 years; with BMI=20
and <29.9kg/m?; systolic blood pressure <139 and diastolic blood
pressure <89 mmHg; who were willing to abstain from alcohol,
caffeine, and vigorous physical activity for 24 hours prior to every
study visit; who agreed to have at least 8-hour sleep before the
visit days and during the study period; who were willing to abstain
from moringa, spinach or other ingredients known to increase
vasodilation for 48 hours prior to every study visit; who were
willing and able to understand and comply with the requirements
of the study, consume the study investigational product as
instructed, return for the required treatment period visits, comply
with therapy prohibitions, and be able to complete the study.

Exclusion criteria: Subjects who met any of the following
criteria were excluded from the study. Subjects with hypersensitivity
or history of allergy to the study product; with history of pulmonary
disorders (asthma, COPD, pulmonary fibrosis, pneumonia, etc.);
having FBG levels <125mg/dL; who were on/or had history of
taking antihypertensives/diuretics; who were on performance
enhancing supplements; smokers and tobacco users; with sleep
disturbances and/or were taking sleep aid medication; with
any chronic conditions which in the opinion of investigator may
interfere with the study outcomes; who were pregnant, nursing, or
planning a pregnancy within the study participation period; who
had been treated with any investigational drug or investigational
device within a period of 3 months prior to study entry.

Study procedures

After the informed consent process, demographic details such
as date of birth, sex, ethnicity and race were obtained. Medical
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history including hypertension, diabetes mellitus, chronic liver,
gastrointestinal, renal disorder, psychiatric disorders, surgeries,
any other clinically significant medical and medication history, and
details of prior and concomitant medications were obtained. During
the screening visit, blood samples were collected for laboratory
assessments, FBG and safety assessments (CBC, liver function
tests [ALT, AST], and renal function tests [serum creatinine]).
Urine Pregnancy Test (UPT) for females of childbearing potential
was performed during Screening/Baseline Visit. At randomization
visit, eligible subjects were randomly (double-blinded) assigned
in 1:1:1 ratio to one of the three treatment groups i.e. BPE
500mg (BPE500), BPE 1000mg (BPE1000) or Placebo. BPE was a
mixture of homogenized Beetroot and pomegranate peel extracts
standardized to contain Not Less Than (NLT) 2.5% nitrates and
NLT 10% ellagic acid (commercially known as BeepActive™), as
measured by high-performance liquid chromatography (HPLC).
Placebo contained microcrystalline cellulose.

Boththeinvestigational productand placebo were manufactured
by Samriddh Nutractive Private Limited, India. The subjects were
instructed to consume two capsules every morning after breakfast,
at the same time every day, for seven consecutive days. Subjects in
BPE500 received one capsule of BPE500 and one capsule of placebo;
subjects in BPE1000 received two capsules of BPE500 and subjects
in placebo group received two capsules of placebo. The study
investigational product was dispensed by designated personnel at
the investigative site who did not participate in any other activity
pertaining to subject’s safety and efficacy assessment that impacted
the study outcome. There were three treatment periods and two
washout periods of five days between the treatment periods. After
finishing each washout period, the subjects crossed-over to next
treatment as per their randomized treatment sequence.

Safety and efficacy parameters

Clinical assessments included all the measures required for the
primary and secondary objectives of the study. FMD procedure was
performed at baseline (pre-dose) and at 1 hour and 2 hours post-
dose on Day 1, Day 13 and Day 25 by Ultrasound (Samsung HS70A,
South Korea). Baseline and post-deflation FMD, brachial artery
diameter and blood flow velocity measures were quantitatively
analysed using FMD Studio from Quipu (Quipu srl, Italy). Similarly,
the procedure was repeated at 1 and 2 hours post dose on Day 7,
Day 19 and Day 31. Chalder Fatigue Scale (CFQ) was administered
at baseline and Day 7 of each treatment period to assess change
in subjects mental and physical energy state. Safety assessments
included monitoring of adverse events, physical examination, vital
signs measurement, UPT (for females of childbearing potential),
haematology and clinical chemistry tests.

Statistical analysis

A sample size of 21 subjects, was considered sufficient to detect
a clinically important difference between groups with 80% power

and a 5% level of significance. Statistical analyses were performed
using R-software after all subjects had ended their participation
in the study and the database was locked. Categorical variables
were summarized using frequencies and percentages. Continuous
variables were summarized using descriptive statistics (number of
subjects with an observation [N], mean, SD, SE, median, minimum
and maximum). The test for significance between the treatment
groups was performed using independent t-test. The test for
significance within treatment groups was performed using paired
t-test. The criterion for a significant test by treatment was set at
a p<0.05. Demographic and baseline characteristics such as age,
height (cm), weight (kg), BMI (kg/m?) were summarized and
tabulated by randomized treatment group and overall. The analysis
was based on the randomized population.

Efficacy endpoint evaluation

Primary efficacy endpoint analysis: The primary efficacy
endpoint was the change from baseline for BPE500 and BPE1000
compared to placebo on FMD from brachial artery from baseline to
1-, and 2-hours post-dose on Day 1 and Day 7.

Secondary efficacy endpoint analysis: The secondary efficacy
endpoint was the change from baseline for BPE500 and BPE1000
compared to placebo on brachial artery diameter, and blood flow
velocity from baseline to 1-, and 2-hours post-dose on Day 1 and
Day 7 and Chalder fatigue scale scores on Day 7.

Safety analysis: The safety endpoints for the study were
clinically significant changes from baseline to the end of the
treatment in in laboratory parameters (AST, ALT, CBC, serum
creatinine), incidence of AE/SAEs reported, and vital sign
parameters. The analysis was performed on the safety population.

Result

Overall, 29 subjects were screened and 08 were screen failures
in the study. A total of 21 subjects were randomized in the study
and all 21 subjects completed the study (Figure 1). The study was
conducted in 12 male and 09 female subjects (Table 1). All subjects
in the study were of Indian origin. The mean (+SE) age of enrolled
subjects was 29.62+0.83 years, body weight 67.58+2.00 kg, height
162.60+1.89 cm and BMI 25.18+0.65 kg/m?

Table 1: Subject demographics.

Baseline (N=21)
Parameters
Meanz*SE
Age (years) 29.62+0.83
Weight (Kg) 66.9+2.00
Height (cm) 163.08+1.89
Body Mass Index (Kg/m?) 25.18+0.65

N-Number of subjects; SE-Standard Error.
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Figure 1: Consolidated Standards of Reporting Trials (CONSORT) of BPE study.

Efficacy

Primary Efficacy Endpoint-FMD: Summary of mean FMD (%)
changeis presented in Figure 2a. BPE500 demonstrated a significant
increase in mean FMD from baseline to Day 1 post-dose at 1 hour
(BPE500=2.39+0.65 (36% increase), placebo=-0.08 + 0.33, p<0.05)
and post-dose at 2 hours (BPE500=2.88+1.05 (44% increase),
placebo=0.01£0.34, p<0.05). This trend continued on Day 7, with
measurements at 1 hour (BPE500=2.59+0.78 (40% increase),
placebo=0.05+£0.40, p<0.05) and 2 hours (BPE500=2.80+0.76 (43%
increase), placebo=0.04+0.45, p<0.05), indicating a significant

difference compared to the placebo. BPE1000 demonstrated a
significantincrease in mean FMD from baseline to 1-hour post-dose
atDay 1 (BPE1000=2.58+0.62 (39% increase), placebo=-0.08+0.33,
p<0.05) and 2 hours post-dose at Day 1 (BPE1000=2.84+0.54 (43%
increase), placebo=0.01£0.34, p<0.05). This trend persisted at Day
7, with measurements at 1-hour post-dose (BPE1000=2.89+0.90
(44% increase), placebo=0.05+0.40, p<0.05) and 2 hours post-dose
(BPE1000=3.14+0.98 (48% increase), placebo=0.04+0.45, p<0.05),
demonstrating a significant difference compared to the placebo.
Further, no significant difference was observed between BPE500
and BPE1000.
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Secondary efficacy endpoint:

Brachial Artery Diameter: Summary of brachial artery
diameter (mm) by visit and treatment for PP population is
presented in Figure 2b. A significant difference in brachial
artery diameter was noted between BPE500 and placebo at
multiple time points: from pre-dose to Day 1 post-dose at 1 hour
(BPE500=0.08+0.03, placebo=0.01+£0.02, p<0.05), and post-dose
at 2 hours (BPE500=0.09+0.04, placebo=-0.01£0.02, p<0.05). This
trend persisted on Day 7, with measurements at 1-hour post-dose
(BPE500=0.09+0.03, placebo=-0.02+0.07, p<0.05) and at 2 hours
post-dose (BPE500=0.11+0.04, placebo=-0.01+0.05, p<0.05).
However, this significant change was not attributed to BPE500 as
it showed no significant difference at any of the post-dose time-
points compared to baseline. A significant difference in brachial
artery diameter was noted between BPE1000 and placebo at
multiple time points: from pre-dose to Day 1 post-dose at 1 hour
(BPE1000=0.09+0.03, placebo=0.01+£0.02, p<0.05) and post-dose
at 2 hours (BPE1000=0.11+0.04, placebo=-0.01+0.02, p<0.05).
This trend persisted on Day 7, with measurements at 1-hour post-
dose (BPE1000=0.11%0.4, placebo=-0.02+0.07, p<0.05) and at
2 hours post-dose (BPE1000=0.11+0.04, placebo=-0.01+0.05,
p<0.05). However, this significant change was not assigned to
BPE1000, as there was no significant difference at any of the post-
dose time periods compared to baseline. Further, no significant
difference was observed between BPE500 and BPE1000.

FMD mean change (%).
Brachial Artery Diameter (mm).
Blood Flow Velocity (cm/sec) and
Chalder Fatigue scores among BPE 500 mg (BPE500), BPE 1000mg (BPE1000), and placebo.

Blood flow velocity: Summary of blood flow velocity (cm/sec)
by visit and treatment for PP population is presented in Figure 2c.
A significant difference in blood flow velocity was noted between
BPE500 and placebo from pre-dose to Day 1 post-dose at 1 hour
(BPE500=1.84+0.59, placebo=0.32+0.84, p<0.05) and at 2 hours
post-dose (BPE500=2.65+0.59, placebo=0.62+ 1.03, p<0.05).
Additionally, significant differences were observed on Day 7 at
1-hour post-dose (BPE500=2.23+0.99, placebo=0.13+0.95, p<0.05)
and at 2 hours post-dose (BPE500=2.88+ 1.44, placebo=0.19+1.30,
p<0.05). However, this significant change was not assigned to
BPE1000, as there was no significant difference at any of the post-
dose time periods compared to baseline. BPE1000 demonstrated
a significant increase in blood flow velocity from baseline to Day
7 post-dose at 2 hours (BPE1000=3.25+1.33, placebo=0.19+1.30,
p<0.05) compared to the placebo. A significant difference in
blood flow velocity was noted between BPE1000 and placebo
from pre-dose to Day 1 post-dose at 1 hour (BPE1000=1.87+1.05,
placebo=0.32+0.84, p<0.05) and post-dose at 2 hour
(BPE1000=2.35£1.34, placebo=0.62+1.03, p<0.05). Additionally,
significant differences were observed on Day 7 at 1-hour post-dose
(BPE1000=2.69+1.22, placebo=0.13+0.95, p<0.05). However, this
significant change was not attributed to BPE1000, as there was no
significant difference at any of the post-dose time periods compared
to baseline. Further, no significant difference was observed between
BPE500 and BPE1000.
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Fatigue: Summary of fatigue score by visit and treatment for
PP population is presented in Figure 2d. BPE500 demonstrated
a significant decrease in fatigue score from baseline to Day 7
(BPE500=-1.76+1.92, placebo=-0.19+0.87, p<0.05) as compared
to placebo. Similarly, BPE1000 showed a significant decrease
in fatigue score from baseline to Day 7 (BPE1000=-1.86+1.35,
placebo=-0.19+0.87, p<0.05) in comparison to placebo. No
significant difference was observed between BPE500 and BPE1000.

Safety

During the study, a total of 7 adverse events were reported
by 4 subjects. One subject in each BPE500 and BPE1000 groups
and 2 subjects in the placebo group experienced 2 (headache and
fever), 1 (viral fever), and 4 (headache, fever and cold) adverse
events, respectively. All the adverse events reported by the subjects
were mild in severity and the causality of the adverse events was
diagnosed by the investigator as not related to the investigational
products. The outcomes of all the adverse events were noted as
resolved before the end of the study. None of the subject reported
any serious adverse events or was withdrawn from the study due
to an adverse event. The liver function parameters, renal function
parameters and hematological profile were within the normal
range in the follow-up assessments. No clinically significant
changes were observed in the vitals and physical examination
during the study. The vital signs of the subjects were within the
normal levels throughout the study. Overall, four subjects used at
least one concomitant medication during the course of the study, of
which one subject belonged to each BPE500 and BPE1000 groups
and two subjects belonged to the placebo group. All four subjects
used Acetaminophen and one subject from placebo group used
Acetaminophen, Levocetirizine (5mg) combined with Montelukast
(10mg).

Discussion

Beetroot and Pomegranate extract are known for enhancing
exercise performance. NO3- and other metabolites in beetroot
extract plays key role in physical endurance and exercise
performance [22]. In addition to high nitrate concentration, high
polyphenol contents in pomegranate juice or extract is believed to
improve exercise performance [23]. This present study explored a
proprietary ratio of Beetrootand Pomegranate homogenized extract
mixture called as BPE (BPE) on FMD in healthy subjects. This was a
prospective, double blind, randomized (1:1:1), placebo controlled,
three-treatment, three-period, dose-ranging crossover study which
explored safety and efficacy of the supplement. BPE contains
homogenized extracts of Beetroot standardized for nitrates and
Pomegranate standardized for ellagic acid in a proprietary ratio at
the stage of extraction to get the final product BPE. The efficacy of
BPE500 and BPE1000 on FMD was assessed using average FMD,
brachial artery diameter, blood flow velocity and Chalder Fatigue
Scale. FMD can describe any vasodilatation of an artery following
an increase in luminal blood flow and internal-wall shear stress.
It is widely believed to reflect endothelium-dependent and largely
nitric oxide-mediated arterial function and has been used as a
surrogate marker of vascular health [24,25].

Our results show that both the doses of BPE achieved significant
improvements (p<0.05) in mean FMD change compared to placebo
as early as 1-hour post dose (BPE500-increase by 36% on Day 1 and
40% on Day 7; BPE1000-increase by 39% on Day 1 and 44% on Day
7) and lasting over 2-hour post dose (BPE500 - increase by 44%
on Day 1 and 43% on Day 7; BPE1000-increase by 43% on Day 1
and 48% on Day 7). Moreover, we have not observed any significant
difference between BPE500 and BPE1000, suggesting optimal
dose of BPE500. The significant change was observed as early as
1-hour post dose and observed lasting 2-hour post dose for both
BPE500 and BPE1000 compared to placebo. Additionally, BPE1000
mg showed significant increase in blood flow velocity after 7 days
of supplementation. The hydro-alcoholic extracts of Beetroot and
Pomegranate Peel Extract (BPE) with relevance to the effects on
flow-mediated dilation in the brachial artery and fatigue reduction
may be associated with the activation of Sirtuin 1 [26]. The anti-
aging gene Sirtuin 1 is critical to vasodilation and mitochondrial
function and biogenesis [27]. Sirtuin 1 activators present in BPE
such as flavonoids (anthocyanins, catechins, quercetin, and rutin),
and polyphenols are associated with the effects of BPE for energy
and exercise performance [28].

Studies reveal the connection between nitrate supplementation
and FMD which helps to understand improved endothelial
mechanism and subsequent Inorganic
nitrate present in beetroot is reduced to nitric oxide through
various pathways and the nitric oxide generation [29]. Nitric

exercise tolerance.

oxide improves neurotransmission and blood flow, alterations
in mitochondrial oxygen consumption, promotion of cognitive
benefits, mood and cardiovascular function [29,30]. Beetroot juice
showed acute improvement in exercise tolerance in adults and
patients with peripheral arterial disease. Consumption of inorganic
nitrate, either in the form of sodium nitrate or beetroot, has been
shown to result in a significant increase in plasma nitrite levels
and reduction of blood pressure in both younger (8 and 6mmHg;
systolic and diastolic blood pressure; respectively) and older (5 and
3mmHg; systolic and diastolic blood pressure; respectively) adults.
This positive effect on blood pressure has led to the suggestion
that beetroot could potentially be used in medical settings as an
alternative to traditional blood pressure lowering drugs [31-34].
Furthermore, increased nitric oxide bioavailability promotes vessel
dilation, and increased blood flow [35]. Also, beetroot juice can
improve cardiorespiratory endurance in athletes by increasing
efficiency, which improves performance at various distances,
increases time to exhaustion at submaximal intensities, and may
improve the cardiorespiratory performance at anaerobic threshold
intensities and VO2max [36].

Supplementary nitrates are reduced to nitrite through lingual
anaerobic bacteria [29] and enters into systemic circulation where
it further reduced to nitric oxide [37,38]. A study conducted on
younger adults to examine the effects of acute supplementation of
nitrate rich beetroot juice on cardiovascular responses, cognition,
mood and perceptual responses revealed that beetroot significantly
elevated plasma nitrite and nitrate concentration and reduced
blood pressure; improved cognitive responses [39]. A randomized,
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double-blind placebo-controlled study was conducted to examine
nitrate supplementation on microvascular and large-vessel
endothelial function and blood pressure [40]. The study reported
an increase in FMD by 1.5% following two weeks of beetroot
consumption (p=0.04), whereas only a minimal (0.1%) change from
the placebo group. In conclusion, this pilot study demonstrated
that medium-term beetroot ingestion potentially improved blood
pressure and large-vessel endothelial function in healthy older
adults [40]. Another study evaluated the effect of beetroot juice
consumption on macrovascular endothelial function (FMD) and
muscle oxygen saturation parameters in pregnant women within
arandomized, crossover, double-blind design in which 12 pregnant
women consumed a single dose (140mL) of beetroot juice or
placebo. The data demonstrate that a single dose of 140 mL of
beetroot juice consumption improves macrovascular endothelial
function, but not oxygen saturation parameters [41].

On the other hand, pomegranate is effective in physiological
responses in individuals exhibiting physiological stress such
as cardiovascular disease [42], oxidative stress [43], cellular
inflammation [44], or joint or muscle damage [45]. Pomegranate
enhance myocardial blood flow [46], antioxidant presence [42],
reduces low-density lipoprotein cholesterol oxidation, blood
pressure and carotid artery thickness [42]. Moreover, pomegranate
attenuates oxidative stress by reducing free radical production, lipid
peroxidation [47] and inhibits certain inflammation transcripts such
as NF-kB, TNF-a and cyclo-oxygenase-2 (COX-2) [48,49]. A single-
arm clinical study investigated thirteen hypertensive men aged
39-68 years on the acute effects of pomegranate juice consumption
on blood pressure and markers of endothelial function showed.
Comparison of pre- versus post-trial values revealed a significant
reduction in both systolic blood pressure (7%) and diastolic blood
pressure. However, changes in FMD (20%) as well as circulating
levels of CRP, ICAM-1, VCAM-1, E-selectin, and IL-6 did not reach
statistical significance. The study concluded that consumption
of pomegranate juice could be considered in the context of both
dietary and pharmacological interventions for hypertension [50].
Another randomized, double-blind, placebo-controlled, crossover
study investigated the acute effects of pomegranate extract on
blood flow, vessel diameter, and exercise performance including
time to exhaustion in active individuals.

The study reported blood flow was significantly augmented
with pomegranate extract thirty minutes post ingestion in
comparison to placebo. Vessel diameter was significantly larger
thirty minutes post exercise. Ingestion of the pomegranate extract
was found to significantly augment time to exhaustion at 90% and
100% peak velocity. Acute ingestion of pomegranate thirty minutes
prior to exercise may enhance vessel diameter, blood flow, and delay
fatigue during exercise. Results of the current study indicated that
pomegranate extract is ergogenic for intermittent running, eliciting
beneficial effects on blood flow [21]. Our study results also showed
significant decrease in fatigue score compared to placebo against
both BPE500 and BPE1000. Overall, the analysis of our data revealed
positive influence of BPE500 and BPE1000 among the subjects that
could be helpful during exercise and may enhance vessel dilation,
blood flow, and delay fatigue during exercise. Our safety analysis of

BPE for both doses showed normal physical examination findings,
vital signs and laboratory parameters throughout the study. None
of the subject reported any SAE or was withdrawn from the study
due to an AE or a SAE.

Conclusion

In the present study, the safety and efficacy of BPE500 and
BPE1000 was studied in healthy subjects. BPE500 and BPE1000
showed significant efficacy in improving the flow mediated dilation,
and fatigue without causing any adverse effects. The product was
found to be safe and well tolerated. Further, long-term studies are
required to establish the effects of BPE for energy and exercise
performance.
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