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ABSTRACT

Antioxidant agents have been reported to impact
measures of vascular health. Methods: Using a crossover
design, 10 men and women ingested a botanical agent
known as Delphinol® (an extract of maqui berries) at a
dosage of 60mg, 120mg, and 180mg for one week, with a
one-week washout period between each dose. Before and
following the intervention periods, the perfusion index (Pl)
was measured after 5 minutes of brachial artery occlusion,
while blood nitrate/nitrite was measured before and
following occlusion. Results: No statistically significant
differences were noted between conditions for
nitrate/nitrite or for the change in Pl from pre- to post-
occlusion (p>0.05). However, there was a ~20% increase in

the Pl from pre- to post-occlusion for the 180mg condition,

with much less of an increase noted for the other doses.
Conclusion: A lower dosage of Delphinol® does not
influence the Pl following brachial artery occlusion;
however, a dosage of 180mg taken for one week may have
an impact on vascular function, as indicated by the PI.
Future studies involving a longer time course of treatment
may be needed to more fully elucidate the impact of

Delphinol® on vascular function.
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INTRODUCTION

Antioxidant compounds have been well-studied in
relation to surrogate measures of overall health, with a
particular impact on the function of blood vessels [1].
Delphinol® is a botanical agent (an extract of maqui berries)

with antioxidant properties primarily owing to its high
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anthocyanin content [2]. Delphinol® has excellent
bioavailability, as reported recently [3]. Acute and chronic
anthocyanin consumption has demonstrated the ability to
improve vascular reactivity assessed via flow-mediated
dilation and pulse wave velocity (PWV), across a range of
dosages [4]. Antioxidant compounds have also been
reported to favorably impact nitric oxide, often estimated
using the surrogate measure of blood nitrate/nitrite.

In a previous study using Delphinol® at various
dosages, this agent significantly and dose-dependently
improved glucose homeostasis acutely [5], with noted
lowering of blood glucose and lipids [6]. The mechanism of
action for this effect appears related to a novel sodium
glucose co-transporter inhibition [7]. This favorable effect
on glucose and lipid metabolism may be associated with the
protection of vascular function [8]. A dosage of 450mg of
Delphinol® daily has resulted in improvements in oxidative
stress markers—another factor that can potentially
contribute to vascular homeostasis [9]. Together, these
prior studies suggest Delphinol® may influence vascular
function; however, no studies have directly determined this
in human subjects.

Though similar human studies exist demonstrating
anthocyanin consumption to improve vascular function [10],
none to date have investigated different doses of a maqui
extract on vascular function. The aim of this pilot study was
to determine the impact of Delphinol® at varying dosages
on vascular function assessed using the vascular reactivity
index (VRI), as well as blood

perfusion index (Pl),

nitrate/nitrite concentrations, in men and women.

MATERIALS AND METHODS

A total of 5 men and 5 women were enrolled and
completed this study. All procedures were approved by the
University of Memphis Institutional Review Board for
Human Subjects Research (protocol FY-2020-66). Subjects
were required to be between 18 and 35 years old, non-
tobacco users, not obese (body mass index under 30 kg/mz),
disease

with no history of diabetes, cardiovascular

(including electrocardiogram [ECG] abnormalities), or
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neurological disease, willing to refrain from fruit, alcohol,
and caffeine within 48 hours of each test day, willing to
refrain from strenuous exercise for 24 hours prior to each
test day, without active infection of any kind, and if female,
not pregnant. Subject descriptive characteristics are
presented in Table 1. Subjects were paid $200 for their full

participation.

Screening visit

During the initial visit to the laboratory, subjects
completed the informed consent form, health history,
medication and dietary supplement usage, and physical
activity questionnaires. Subjects’ heart rate and blood
pressure, height, weight, waist, and hip circumference were
measured. Subjects were screened for normal ECG tracings
and glucose measurements. To confirm non-pregnancy,
females were provided with a urine pregnancy test kit,
escorted to a private restroom (within the lab), and asked to
perform the test. Eligible subjects were scheduled for bi-

weekly testing visits after screening was completed.

Independent Variable

The botanical agent known as Delphinol® was
delivered in a capsule at a daily dosage of 60mg, 120mg,
and 180mg of the maqui berry extract powder, for a period
of one week, in addition to a placebo (cellulose). A random
order, cross-over design with a one-week washout period
between conditions was used. A contract manufacturer
produced the capsules in accordance with Good
Manufacturing Practices. The capsules were similar in
appearance and provided in unlabeled bottles. Subjects
reported to the lab in a 10-hour fasted state. Women
started the first round of treatment during week one of the
menstrual The total involvement was

cycle. subject

approximately 8 weeks.

Dietary Intake and Physical Activity
Subjects followed their usual activity patterns over
the course of the study period but refrained from strenuous

activity for the 24 hours preceding each lab test day. Dietary
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intake was similar over the entire study period. However,
subjects consumed the same standard prepackaged meals
during the day prior to each test day. These included meal
replacement drinks (Orgain; Irvine, CA), food bars (Clif
Builder; Emeryville, CA), and nuts (Emerald; S-L Snacks
National LLC, Irvine, CA). Each subject received an allotment
of these items, based on preference (e.g., 3 meal
replacement drinks, 4 food bars, 2 packs of nuts). They were
then given the same items and volume for subsequent
visits; following the same food plan for the days prior to all
lab test days. No other food should have been consumed

during the day prior to each lab visit, other than what was

provided to subjects by the investigators.

Study Test Visits

During the first test visit (baseline), resting heart
rate and blood pressure were measured following a 20-
minute rest, and 6 mL of blood was collected in a
Hematology K3 EDTA Evacuated Tube (Greiner Bio-One;
Monroe, North Carolina) to quantify nitrate/nitrite (see
corresponding section below for details). Vascular function
was then assessed using Pl and VRI (see vascular function
section below for details). Subjects were randomly assigned
to one of the four conditions: 60mg, 120mg, or180mg
Delphinol®, or cellulose placebo which they took while in
the lab at the end of the visit and at home daily until their
next test visit.

On day 8, subjects returned for their 2nd test visit.
Resting heart rate and blood pressure were obtained
following a 20-minute rest, and approximately 6mL blood
was collected. Subjects then ingested the daily dose of their
assigned condition. Ninety minutes after ingesting the
condition, blood pressure and heart rate were reassessed
and approximately 6 mL of blood was collected. Vascular
function was again assessed using Pl and VRI. After the 2nd
visit, subjects underwent a 7-day washout period before
starting one of the remaining conditions, randomly

assigned. The subsequent three visits followed this same

pattern.
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Nitrate/Nitrite quantification

After each collection, blood samples were
immediately placed in a refrigerated centrifuge (4°C), and
the plasma was separated by centrifugation at 1,500g for 15
minutes. The plasma was then stored immediately at -80°C
until analyzed for nitrate/nitrite, using commercially
available assay kits (kit 780001; Cayman Chemical, Ann
Arbor, MI, USA). After conversion of nitrate to nitrite using
nitrate reductase, Greiss reagent was added to the sample,
which converts nitrite into a deep purple azo compound.
The absorbance of this azo chromophore was then detected
photometrically at 540 nm using a BioTek Instruments
Powerwave 340 microplate reader (BioTek Instruments,
Winooski, Vermont, USA), and unknown sample values were
determined using a nitrite standard curve, via software
(BioTek Gen5™). Assays were performed in duplicate, and

the coefficient of variation was found to be 7.6%.

Vascular Function

Vascular function was monitored 90 min post
ingestion of supplement using a Vendys Il unit (Endothelix;
Houston, TX). Subjects were in the seated position with
their hands resting on an insulated lap pad. A pressure cuff
was placed around their upper right arm. A neck heating
blanket was used as necessary to achieve a fingertip
temperature between 30° to 33°C. Temperature probes
were placed on the lap pad (for measuring ambient
temperature) and subject’s left and right first fingers to
measure changes in fingertip temperature, which the
Vendys Il used in calculating VRI. Blood pressure and heart
rate were measured, and the average Pl was measured on
subject’s right index finger by a Masimo MightySat® pulse
oximeter (Masimo, Irvine, CA) and recorded every minute
for 5 minutes prior to occlusion. The pressure cuff was then
inflated to 35 mmHg above their systolic blood pressure.
The blood flow was occluded for 5 min and then the
pressure was released. The average Pl was then recorded
for each min for 5 min post-occlusion. The averages over
the 5 min periods were taken and used in the further

analysis.
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Data Analysis

The data are presented as mean + SD. Most data
were analyzed using a 5 condition x 2 time analysis of
variance (ANOVA). A one-way ANOVA was used for change
in perfusion index between pre-occlusion and post-
occlusion. Analyses were performed using JMP software

(SAS, Cary, NC) and statistical significance was set at p <

0.05.

RESULTS
Overview

All 10 subjects successfully completed the study.
None of these subjects reported a problem with capsule
consumption and all conditions were well tolerated. As the
response was similar for both men and women, data were

analyzed collectively and presented as such.

Heart Rate and Blood Pressure

There were no significant main effects for heart
rate (condition; p=0.86, time; p=0.16, or condition x time
interactions; p=0.54), systolic blood pressure (condition;
p=0.74, time; p=0.66, or condition x time interactions;
p=0.87), or diastolic blood pressure (condition; p=0.52,
time; p=0.67, or condition x time interactions; p=0.49).
Values remained relatively stable across time and were not
different between conditions. Data for heart rate are
presented in Figure 1, while those for systolic and diastolic

blood pressure are presented in Figure 2 and 3, respectively.

Nitrate/Nitrite

The nitrate/nitrite measurements for one subject
were significantly and consistently higher than for all other
subjects; hence, data for this subject were excluded from
the analysis. No condition; p=0.91, time; p=0.23, or
condition x interactions; p=0.91 were noted for
nitrate/nitrite levels. Values remained relatively stable
across time and were not different between conditions.

Data for nitrate/nitrite are presented in Figure 4.
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Pl

No significant differences between conditions were
detected in the change in Pl from pre- to post-occlusion
between conditions (p>0.05). However, there was a ~20%
increase from pre- to post-occlusion for the 180mg
condition (p=0.40), with much less increase noted for the
other conditions. Data for the change in Pl from pre-

occlusion to post-occlusion are presented in Figure 5.

VRI

A very high degree of variability in VRI values was
observed in the study and was therefore not included in the
data analysis. However, a visual of the overall results is

shown in Figure 6.

DISCUSSION

Anthocyanins are  polyphenolic  flavonoids
contributing to the red, blue, and purple pigment of many
fruits, vegetables, and flowers and are of medicinal interest
for their anti-oxidant and anti-inflammatory properties [11].
The benefits of anthocyanins are being explored for
numerous inflammatory diseases including Alzheimer’s,
diabetes, cardiovascular disease (CVD), obesity, and
Parkinson’s Disease [11-15]. One way that anthocyanins
contribute to disease prevention is by reducing oxidative
stress through anti-oxidation or scavenging free-radicals,
which damage cells and cause inflammation. The types (e.g.,
cyanidins, delphinidins, malvidins, pelargonidins, peonidins
and petunidins) and amounts of anthocyanins present
within botanicals vary largely. Overall and coworkers
characterized the anthocyanin profile within six different
berries and demonstrated that the berries resulted in
different metabolic effects [16]. Therefore, it is important
not to generalize the benefits observed for one particular
berry.

Consumption of anthocyanin- and anthocyanidin-
rich foods have been negatively correlated to the risk of
myocardial infarction in women and non-fatal myocardial

infarction in men [17-19]. Flavonoids have been shown to
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have cardiovascular benefits, including in meta-analyses

specific to anthocyanin interventions [4,19-23]. In
particular, anthocyanins improved levels of low-density
lipoprotein (LDL) cholesterol in individuals at risk for or
having cardiovascular disease [22,23]. Improvements to
fasting glucose and Hemoglobin Alc were also observed
[23]. As far as direct measures to changes in vascular
function, both acute and chronic anthocyanin consumption
has been shown to improve vascular reactivity assessed via
flow-mediated dilation and pulse wave velocity across a
range of dosages [4].

Maqui berries are the fruit of the Aristotelia
chilensis tree from South America and are rich in
anthocyanin and other polyphenols [24]. Like other sources
of anthocyanin, maqui berries have been shown to have
anti-inflammatory, anti-oxidant and cardio-protective
properties [24]. Maqui berries contain approximately 137.6
mg of total anthocyanins per 100 g fruit, primarily consisting
of delphinidins and cyanidins [2]. One study in rats found
that maqui berry extracts protected against heart damage
following acute ischemia and reperfusion by lowering lipid
oxidation as quantified by thiobarbituric acid reactive
substances [25].

In the present study, an encapsulated maqui berry
extract standardized to contain 35% of total anthocyanins
and 25% delphinidins, called Delphinol®, was used to
evaluate vascular benefits within healthy men and women.
Delphinol® has excellent bioavailability with both elevations
in Delphinidin-3-O-glucoside and Cyanidin-3-O-
sambubioside and their breakdown products observed
during the hours following ingestion [3].

Delphinol® has previously been shown to induce
physiological changes that lend support to the hypothesis
that the supplement could aid vascular health. In past
studies, Delphinol® significantly and dose-dependently
improved glucose homeostasis acutely, with noted lowering
of blood glucose and lipids, potentially by inhibiting a novel
sodium glucose cotransporter [5-7]. Further, a dose of

450mg Delphinol® per day for four weeks resulted in

improvements in oxidative stress markers, another factor
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that can potentially contribute to vascular homeostasis [9].
The current study sought to further elucidate the effects of
acute ingestion of low dosages of Delphinol® on vascular
function through various parameters associated with
vascular health: blood pressure, heart rate, changes in
perfusion following acute ischemia, as well as
nitrate/nitrite.

Meta-analyses of the role of polyphenols and
flavonoids on blood pressure did not find significant
changes to blood pressure, while certain specific
polyphenolic sources such as high-flavanol containing cocoa
or olive oil were beneficial to blood pressure [26,27].
Similarly, meta-analyses on the effects of anthocyanins on
blood pressure found no significant benefit [22,28]. Most of
studies  involved concentrations  of

these higher

anthocyanins (7.35-640 mg/day) with much longer
interventions than used in the present study (e.g., 3-24
weeks). As noted in the Results section, our data agree with
the above, as we found no significant changes to either
systolic or diastolic blood pressure for any of the three
dosages used in our study. Additionally, no changes to heart
rate were observed.

Vascular function was assessed by differences in
VRI calculated by finger temperature rebound following a 5
min occlusion and changes in perfusion index from a pulse-
oximeter following occlusion. High variability was present
within subjects’ VRI values, possibly due to variations in
conditions between visits, room

testing including

temperature and initial fingertip temperatures. We
therefore did not analyze these data. No differences of
statistical significance were detected in the perfusion
indices pre-occlusion or in the change in Pl between pre-
and post-occlusion for any dosage. However, there was an
approximate 20% increase from pre- to post-occlusion for
the 180mg condition. Due to the high degree of variability
across subjects, the increase was not of statistical
significance, but may have clinical relevance and deserves
further study. Perhaps a larger sample size and reduced
variability would have resulted in a different outcome. It is

known that the PI is characterized by high skewness and
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high inter-individual variability but may be helpful
monitoring the trend within a given subject [29-31]. While
there were no observed changes in Pl, it must be noted that
subjects were young and healthy, with very good vascular
function. Therefore, there may have been little room for
improvement in the noted measures. Moreover, the dose
and timeframe of treatment may have been too low/short
in order to detect potential improvements.

A meta-analysis of previous studies including both
healthy and unhealthy populations, has shown that acute
and chronic anthocyanin supplementation led to higher
flow-mediated dilation (FMD), while acute anthocyanin
supplementation only led to improved pulse-wave velocity
[4]. The studies included in the analysis varied greatly in
both anthocyanin doses (1.34-724 mg per dose) and
interventions lengths (1 hr-6 months). Only a small number
of studies involved healthy individuals with healthy BMis.
Rodriguez-Mateos et al. observed a dose dependent
response in FMD to anthocyanins (129-724 mg anthocyanin
from blueberry drink) one hour after acute ingestion in
healthy men and improvements to FMD at 1, 2, and 6 hours
for 310 and 517 mg anthocyanin, but no change in pulse
wave velocity (PWV) was observed [10]. In a separate study,
healthy men received acute doses of cranberry juice
containing relatively low doses of anthocyanin (6.8 - 32.3
mg per dose) but high in polyphenols (409 - 1910 mg per
dose) and found changes in FMD over the 8 hour data
collection period with different doses [32]. Two separate
studies, one using 127 mg anthocyanin daily for 4 weeks
and a second using 274 mg anthocyanin for 6 weeks, found
no significant changes in PWV within healthy individuals
[33,34]. Therefore, not all vascular function measures have
been reported to be altered when assessed in a healthy
population. Additionally, many of the prior studies used a
much higher dose of anthocyanin than used in the present
study, which contained approximately 21-63 mg
anthocyanin per dose. A higher dosage may, therefore, lead

to changes in vascular function that were not observed in

the present study.
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Nitric oxide is an important vascular regulator that
is protective against cardiovascular diseases [35]. Previous
in vitro studies with endothelial cells, as well as in vivo study
of aged rats, found anthocyanin and anthocyanin containing
extracts upregulated the synthesis of nitric oxide and
endothelial nitric oxide synthase in endothelial cells and rat
aortas [36-38]. As nitric oxide is difficult to measure, it is
often estimated using the surrogate measure of blood
nitrate/nitrite [39,40]. In the present study, no differences
were observed either at 0 or 90 minutes for any of the
conditions. Again, this could be due to the low dosage of
anthocyanin used, or the short timeframe of treatment, as
previous studies have noted increased nitrates/nitrites with
supplementation at high dosages of ingredients or following
many weeks of treatment [40,41].

As a pilot study, the findings of the current study
were limited by the small sample size. Previous studies
found significant benefits of Delphinol®, including lowering
fasting glucose at 1 hr following a single low dose of
Delphinol®, as well as improvements to lipid levels [5,6].
Although the same Delphinol® dosages were employed in
the present study as in these previous studies, the subject
populations differed; these previous studies observed pre-
diabetic subjects who may respond differently than the
healthy individuals involved in the present study. Similarly,
Davinelli et al. found decreases in oxidized LDL (oxLDL) using
a higher dosage (450 mg daily Delphinol®) for a 4-week
intervention in obese smokers. Additionally, while Alvarado
et al. observed high-density lipoprotein (HDL) increased
over baseline for the duration of a 3 month study with 180
mg Delphinol® daily, decreases in LDL were not observed
until 3 months of intervention [6]. A higher dose may be
required to induce improvements to vascular health
markers within a healthy population, or if Delphinol® only
affects glucose, changes might not be seen at any dosage
within the healthy population. Similarly, a longer
intervention may be required to induce vascular changes.
Many studies that observed cardiovascular benefits

employed higher dosages of anthocyanins over longer

intervals [4,22,23,42]. Higher dosages of Delphinol® over
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longer interventions may therefore demonstrate additional
improvements to vascular health. Additionally, the study
used relatively young, healthy, and active adults without
known cardiovascular disease. Future studies should focus
on individuals at risk of, or with diagnosed cardiovascular
disease, as these individuals may experience greater

changes within vascular function measures.

CONCLUSION

Acute Delphinol® supplementation at concentrations
equal to or less than 180 mg did not lead to statistically
significant benefits to vascular health (blood pressure, PI,
and nitrate/nitrite levels) within a small sample of healthy,
young adults. Although not meeting criteria for statistical
significance, the 180mg condition did result in an increase in
the Pl of approximately 20%. Future studies of Delphinol®
should include a larger sample size, and focus on individuals
at risk of CVD, as there may be a greater chance of benefits.
Such studies may also use higher dosages over longer
periods, as well as other methods such as flow-mediated
dilation and pulse wave velocity, to evaluate vascular

function.
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TABLES

Table 1. Characteristics of men and women.

Variable Men Women
(n=5) (n=5)

Age (years) 22.2+1.1 23.0£3.5
Height (cm) 178.545.0 162.245.2
Weight (kg) 76.415.6 58.316.1
BMI (kg/m°) 24.0+1.2 22.2+2.9
Waist Circumference (cm) 80+4.6 69.2+4.7
Hip Circumference (cm) 99.8+1.1 93.444.2
Waist:Hip 0.74+0.05 0.80+0.02
Resting HR (bpm) 63.0+7.8 74.649.1
Resting SBP (mm Hg) 121.8+7.8 119.049.1
Resting DBP (mm Hg) 71.845.3 75.0+£1.9

Values are Mean + SD

FIGURES

Figure 1. Heart rate response of 10 men and women ingesting different doses of Delphinol®.
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Figure 2. Systolic blood pressure response of 10 men and women ingesting different doses of Delphinol®
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Figure 3. Diastolic blood pressure response of 10 men and women ingesting different doses of Delphinol®
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Figure 4. Nitrate/nitrite response of 9 men and women ingesting different doses of Delphinol®
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Figure 5. Perfusion Index of 10 men and women ingesting different doses of Delphinol®
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Figure 6. Vascular Reactivity Index of 10 men and women ingesting different doses of Delphinol®
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