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Abstract

Background: Nutrition plays an important role in prevention and management of cardiovascular diseases (CVD) in
early stages. Recent research demonstrated beneficial effects of various nutritional ingredients on vascular health.
The aim of the current study was to evaluate the effects of an L-arginine-based multi ingredient product (AbMIP)
on vascular function.

Methods: Twenty-five male and female subjects, aged between 45 and 65 years with elevated blood pressure and
hyperhomocysteinemia were included in this cross-over trial. Subjects were randomly assigned to one of the two
sequence groups (AbMIP -placebo or placebo — AbMIP). AbMIP and placebo were taken for 4 weeks, each.
Endothelial function under fasting conditions, blood pressure, postprandial endothelial function after consumption
of a high fat meal, homocysteine, asymmetric dimethyl arginine (ADMA) and Hba1lc were determined.

Results: AbMIP significantly improved fasting endothelial function determined by EndoPAT™ when compared to
placebo (p =0.047). Similarly, homocysteine levels were significantly decreased after verum supplementation when
compared to placebo (p < 0.0001). Systolic blood pressure decreased significantly under AbMIP (p = 0.002) and the
reduction was more pronounced when compared to placebo. However, due to placebo-effects no significant
difference could be found between groups (p = 0.586). The effects on postprandial endothelial function were
stronger for AbMIP when compared with placebo but did not reach significance (p =0.201). No significant effects of
AbMIP were observed regarding HbATc, ADMA and diastolic blood pressure.

Conclusions: Due to improvement on endothelial function, decrease of elevated homocysteine levels and excellent
tolerability, AbMIP was demonstrated to be a beneficial option for dietary treatment of endothelial dysfunction and
hyperhomocysteinemia in early stages of CVD.

Trial registration: The clinical trials.gov identifier is NCT02392767, November 14, 2014.
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Background

Cardiovascular diseases (CVDs) are still the main causes
of death worldwide. It is estimated, that 17 million sub-
jects died from CVDs in 2012. The World health Organ-
isation (WHO) stresses the need for early detection and
therapy in subjects with CVD or at high cardiovascular
risk (due to the presence of one or more risk factors
such as hypertension, diabetes, hyperlipidaemia, over-
weight or already established disease) [1].

Endothelial dysfunction is regarded as an additional
independent risk factor for CVD, which develops in early
stages of atherosclerosis. In combination with other risk
factors, like moderate hypertension or hyperhomocystei-
nemia, endothelial dysfunction indicates early stages of
vascular changes [2, 3]. Besides inadequate activity be-
haviour, dietary habits of the western world contribute
considerably to the development of CVDs considerably.
Larger and more frequent meals are leading to longer
postprandial states, which are regarded as a critical
factor for the development of atherogenesis [4]. Consid-
ering the recommendation of the WHO for early health
management after detection of elevated risk for CVDs,
attention should be drawn to the role of nutrition in the
maintenance of vascular health. Several nutritional in-
gredients have been shown to be able to modulate or
improve different physiologic functions or conditions.
Ingredients with high anti-oxidative or anti-inflammatory
properties, like cocoa, lycopene or pycnogenol® showed
beneficial effects on endothelial function or postprandial
endothelial function [5-10]. Another ingredient, which is
supposed to have a positive influence on vascular function,
is L-arginine, a semi essential amino acid, which is the sub-
strate for nitric oxide synthase (NO-synthase) [11, 12]. NO,
the endothelium-derived relaxing factor, is responsible for
endothelium dependent vasodilation [13]. The enzyme
NO-synthase oxidizes L-arginine to NO in the endothelium
as needed. NO then diffuses to the smooth muscle cell
layer, causing muscle relaxation and therefore leading to
vasodilation. Further studies have shown positive effects of
L-arginine on postprandial endothelial function in a healthy
collective [14]. Effects of L-arginine in hypertensive dis-
order of pregnancy and in peripheral arterial diseases have
been observed, but results were inconsistent and some
observations lacked significant effects [15-17]. Another
known risk factor for CVDs, is hyperhomocysteinemia.
Homocysteine is a sulfur-containing intermediate product
in the normal metabolism of methionine, with potentially
cell-toxic properties [18]. Levels above 10 umol/l increase
the risk for CVDs. Folic acid deficiency is considered to be
the most common cause of hyperhomocysteinemia [18].
Folic acid, vitamin B12 and B6 are able to decrease elevated
homocysteine levels reliably [18—21].

As described above, various nutritional ingredients
have the potential to influence different risk factors for
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CVDs. The aim of the following study was to evaluate
the influence of a preparation containing several health-
supporting ingredients for endothelial function, blood
pressure, homocysteine and other biomarkers.

Methods

Study design

The study was performed as monocentric, randomized, pla-
cebo-controlled, double-blind cross-over study at the
study site BioTeSys GmbH, Esslingen, Germany between
October 2014 and August 2015. The study was conducted
in accordance with the declaration of Helsinki, complied
with principles of Good Clinical Practice (ICH-GCP) and
was approved by the responsible Institutional Review
Board (Ethics Committee Landesaerztekammer Baden-
Wuerttemberg).

After signing the informed consent and prior to trial
start, subjects were screened for eligibility. Documen-
tation of demographic data, medical history, nutrition
status, vital signs (ECG and blood pressure) and routine
blood parameters, including prothrombin time (PT),
were recorded. Additionally, homocysteine levels were
determined. Subsequently, subjects were instructed
about blood pressure reading at home, on the left arm,
after at least 10 min of rest, in a sitting position. All sub-
jects received the same blood pressure device (boso
medical, PC2) and the 7-day blood pressure diary to
measure their blood pressure during the 7 days before
the study start at home.

All subjects eligible at visit 1 were randomized to one
of the two sequence groups and the study procedures
were performed.

At visit 1 adverse events, concomitant medication,
endothelial function and routine blood parameters includ-
ing PT were determined. At the end of the visit, the sub-
jects received study preparations for a period of 4 weeks.
At the end of the first supplementation phase (visit 2),
endothelial function, postprandial endothelial function,
homocysteine, adverse events, concomitant medication,
compliance, tolerability, asymmetric dimethyl arginine
(ADMA), HbAlc, blood pressure, and routine blood
parameters including PT were determined, followed by a
wash out period of 8 weeks. For the second supplementa-
tion phase, visit 3 and visit 4 were performed following
the same procedures performed at visits 1 and 2. Before
each visit, subjects measured and documented their blood
pressure daily for a period of 7 days. For detailed descrip-
tion see the particular method section.

Intervention

During supplementation phases AbMIP (vasoLoges® pro-
tect, Dr. Loges & Co. GmbH, Germany) or placebo was
taken by subjects for 4 weeks, each, in randomized order.
Two tablets had to be taken twice daily together with a
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meal and sufficient liquid. Daily dose of AbMIP contains
2400 mg L-arginine, 80 mg Pycnogenol®, 45 pg vitamin
K2, 10 mg alpha lipoic acid, 8 mg vitamin B6, 500 pg vita-
min B12 and 600 pg folic acid. The placebo corresponded
to the verum in taste, smell and appearance but did not
contain the active ingredients. These were replaced by
maize starch. The study preparations were randomly
assigned to the subjects (allocation ratio 1:1), according to
the randomisation scheme generated by the sponsor (Dr.
Loges & Co. GmbH, Germany), using the software “Multi-
zufall” with block size 2 and stratified by gender. Double-
blind product assignment was ensured by labelled study
preparations handed out by the investigator. Besides the
subjects, all parties involved in the study performance
were blinded until completion of the study and unlocking
of the data base.

Subjects

Eighteen male and 7 female subjects were included in
the current trial. The following inclusion criteria had to
be fulfilled: Postmenopausal women and men, non-
smoking, between 40 and 65 years old, BMI between 20
and 32 kg/m? homocysteine level above or equal to
10 pmol/l, elevated systolic blood pressure (mean of
130-149 mmHg measured during a period of 7 days
before visit 1) but without requiring medical therapy.
Exclusion criteria were: Sleep apnoea, CVDs requiring
medical therapy, further chronic disease, like diabetes
mellitus, malignant disease, kidney disease, liver disease
or psychosis. Furthermore, subjects taking any medica-
tion or food supplements that could interfere with the
study procedures, like statins, blood pressure medica-
tion, vitamin B, folic acid, L-arginine, Pycnogenol® etc.,
were excluded. Subjects with known HIV, hepatitis B or
C infection, drug or alcohol addiction were not included
in this trial.

Nutritional and physical recommendations

Subjects were asked not to change their nutritional
habits or sporting activities during the study period. At
the end of each supplementation phase, possible changes
in nutritional habits, sporting activities or weight were
documented for control. Consumption of alcohol was
not allowed 48 h prior to and during the visits. The meal
before each visit was standardized for all subjects (bread
with low-fat cream cheese and tomatoes or cucumber).
Twenty-four hours before each visit, the subjects had to
avoid sport or exhaustive activities.

Outcome measures
Endothelial function
As primary objective the change of fasting endothelial
function before and after supplementation compared
against placebo was defined. Endothelial function was
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determined, using EndoPAT™ 2000 (Itamar medical Ltd,
Caesarea, Israel) (non-invasive Peripheral Aterial Tonom-
etry) using a reactive hyperemia procedure. The outcome
measure was the change in endothelial function during
the intervention period of 4 weeks. The endothelial func-
tion was determined as the natural log of the Reactive
Hyperemia Index (“InRHI”), which is the post-to-pre
occlusion peripheral arterial tonometry signal ratio in the
occluded side, relative to the same ratio in the control
side, corrected for baseline vascular tone of the occluded
side. Normal InRHI > 0.51, Abnormal InRHI < 0.51.

LnRHI was determined at each visit after overnight
fasting, after at least 20 min acclimatization at study site
and 10 min rest in a lying position before start of
measurement.

For each volunteer, the measurement took place at the
same time of day for each visit under standardized con-
ditions (silent room without harsh light and constant
room temperature between 21 and 24 °C). The test is
performed at the fingertip. After assessing a baseline
signal for 5.5 min, blood flow was occluded at the non
dominant upper-arm for 5 min. After ischemia the
endothelial-dependent dilatation of blood vessels was
measured for 5 min. Data prior to and after ischemia
was analyzed automatically by integrated EndoPAT™
2000 Software (3.5.4).

As secondary parameter, the postprandial endothelial
function was determined after both supplementation
phases. Following the above described measurement of
fasting endothelial function, the subjects received a high
fat meal consisting of 200 ml cream with 30% fat con-
tent. Sixty minutes after intake of high fat meal, a sec-
ond endothelial function measurement was performed.
The difference between the fasting endothelial function
and the endothelial function after high fat meal was
defined as postprandial reaction of endothelial function.

Blood pressure

The blood pressure was measured daily by subjects at
home as described above, starting 7 days before each
visit. The mean of systolic and diastolic blood pressure
measured within these 7 days was used for analysis.

Homocysteine

Homocysteine levels were determined batchwise in
serum using high performance liquid chromatography at
the end of the study. In order to ensure sample stability,
serum samples were centrifuged exactly 30 min after
blood sampling, transferred into aliquots and stored
below -70 °C.

Other biomarkers
At the end of each supplementation phase, ADMA and
HbAlc were determined. Serum samples for ADMA
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analysis were handled as described above and analyzed
batchwise using an enzymatic test (Immundiagnostik
AG, Germany). HbAlc was determined in ethylenedi-
aminetetraacetate (EDTA) stabilized blood using high
performance liquid chromatography.

Safety assessments

To assess the safety of the study products, blood samples
for routine laboratory, including haemogram (complete
blood count), liver enzymes, blood lipids, blood glucose,
uric acid, creatinine and PT, were taken at each visit.
Vital signs were determined at all visits. Additionally,
adverse events and concomitant medication were docu-
mented. The tolerability of the study products was rated
by the subjects at the end of each supplementation
phase, by selecting one of the following categories: “well
tolerated”, “slightly unpleasant” or “very unpleasant”.

Statistics

Sample size calculation

For sample size calculation an intervention effect of RHI
=0.3 with a standard deviation of 0.45 in comparison to
placebo was assumed. A priori sample size calculation
was performed, using the software g*power 3.1.2. with
the following input details: Two tailed, effect size d = 0.7,
Alpha error problem: a = 0.05, actual power: 80%, correl-
ation between groups: 0.5. Based on the calculations, the
study should be performed with 20 subjects. Considering
a drop-out rate of 20%, the study should be performed
with 25 subjects. This sample size was also confirmed by
Enseleit et al. [8]. In this study the influence of
Pycnogenol® on endothelial function in 23 subjects was
evaluated. A comparable study design was used by
Grassi et al. to evaluate the influence of cocoa on endo-
thelial function, which was performed with 20 subjects
using a cross-over design [8].

Statistical analysis

All statistical tests were performed two-sided, using
SPSS Version 17.0 and GraphPad Prism Version 5.04.
Significance level was set to 5%. The distribution of
parameters was tested for normality using the Shapiro-
Wilk test for each single parameter which was the basis
for selecting parametric or non-parametric approach
(non-normality distribution with alpha level 0.1). Before
analysis, carry-over and period effects as well as baseline
differences were checked for all parameters. No issues
were found and consequently all parameters could be
analyzed using the statistical test procedure for cross-over
trials [22]. For evaluation of product effects the intra-
individual differences between the two supplementation
phases were analyzed using unpaired test statistics (un-
paired t-test or Mann—Whitney U test) between the se-
quence groups (verum-placebo/placebo-verum). Changes
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within groups were analyzed with paired test statistics
(paired ¢-test or Wilcoxon matched-pairs signed-rank test).

Results

Mean age of subjects was 53.6 + 7.3 years, with a mean
BMI of 25.3 + 2.3 kg/m®. The mean blood pressure was
139 £ 6/85 + 4 mmHg and the mean homocysteine level
was13.61 + 2.43 pmol/l. Detailed baseline characteristics
are summarized in Table 1.

Twenty-five subjects were randomized to the sequence
groups and all subjects finished the study according
to the protocol. Detailed subject allocation is shown
in Fig. 1.

The primary endpoint, defined as change of endothelial
function after 4 weeks supplementation with AbMIP
showed significant (p = 0.047) difference when compared
to placebo. Cohens d = 0.642 indicates a medium sized ef-
fect for endothelial function. Fasting endothelial function
improved after 4 weeks supplementation with AbMIP. In
contrast, endothelial function decreased under placebo
supplementation (Table 2). After intake of ABMIP the
postprandial reaction was more pronounced compared to
placebo but without reaching a significant difference
(Table 2). In both groups, a higher postprandial reaction
after supplementation phase was observed. Systolic
blood pressure decreased significantly under AbMIP
from 138+8 mmHg to 133+9 mmHg (p=0.002).
However, due to a distinct placebo effect, statistical sig-
nificance was not achieved (p =0.586). Diastolic blood
pressure also decreased under both study products but
without significance within study groups (before and after
supplementation) or between study groups. Homocysteine
levels were significantly (p <0.0001) lower after sup-
plementation with AbMIP when compared to placebo
(Table 3). AbMIP decreased elevated homocysteine levels
in 68% of subjects to values below 10 pmol/l (17 out of 25
subjects). In contrast, under placebo only 4 subjects out of
25 (16%) reached values below 10 pmol/l.

ADMA and HbAlc remained unchanged after supple-
mentation with AbMIP and placebo. No significant
differences were observed (Table 3). Compliance rate for
both study products was above 85%. Tolerability of study
products was very good. All except one subject assessed
the tolerability of AbMIP as “good”. One subject chose the
category “mildly unpleasant”, due to “possibly somewhat
bloating”. No subject rated the tolerability as “very un-
pleasant” Routine blood parameters and adverse events
did not indicate safety issues. No related adverse events
occurred with AbMIP supplementation. Analysis of safety
parameters revealed an additional beneficial effect of the
study product: Triglyceride levels decreased significantly
under AbMIP (p =0.0166), but remained stable under
placebo (p=0.9959; Table 2). The difference between
products did not reach statistical significance (p = 0.108).
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Table 1 Anthropometric data and baseline conditions at visit 1
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Total group (n=25) Men (n=18) Women (n=7)
Age [years] 536+73 516+7.1° 589+49°
BMI [kg/m?] 253+23 2549+23 251424
HCY at screening [umol/] 1361244 13.71£249 1337+ 246
INRHI at visit 1 [index] 0.57+0.29 0.55+0.27 0.63+0.36
Systole at visit 1 [mmHg] 1392+57 140.1 £6.1 1369+38
Diastole at visit 1 [mmHg] 85.0+39 846+4.1 86.0+3.2

Results are depicted for the whole study group, and separated by gender. ? is indicating significant gender differences. Results are presented as

mean + standard deviation

Noteworthy is one outlier in the placebo group with
abnormal high values before supplementation which were
completely different from all other time points, e.g,
screening. After exclusion of this outlier, there was a
significant difference (p = 0.026) in favour of AbMIP.

Discussion
A current fact sheet of the WHO on CVDs states that
most CVDs can be prevented by addressing behavioural

risk factors such as tobacco use, unhealthy diet and
obesity, physical inactivity and harmful use of alcohol
using population-wide strategies [1]. The WHO also
states that individuals with CVDs or individuals at high
cardiovascular risk (due to the presence of one or more
risk factors such as hypertension, diabetes, hyperlipid-
aemia or already established disease) need early detec-
tion and management [1]. However, some risk factors,
like elevated blood pressure, mildly impaired endothelial
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Table 3 Effects of AbMIP and placebo on homocysteine (HCY), ADMA and HbATc

Placebo AbMIP Product effect

Post supplementation Post supplementation p-value cohens d
HCY [umol/I] 11.95+1.85 (11.19-12.72) 9.10+1.94 (8.3-9.9) <0.0001 2415
ADMA pmol/l] 0.632 +0.088 (0.56-0.69) 0.638 + 0.107 (0.59-0.68) 0.649 0.185
HbATc %] 5.34+0.38 (5.19-5.50) 537+041 (5.20-5.54) 0.846 0210

Results are presented as mean * standard deviation (95% Cl)

function or moderately elevated homocysteine levels are
first signs of vascular changes but are not always the reason
for early treatment. First steps should be consequent life-
style changes including healthier diet, increased physical ac-
tivity, reduction of tobacco-use and alcohol-consumption
[23]. Published studies demonstrate a beneficial effect of
different nutritional ingredients on early symptoms of
CVD, like endothelial dysfunction [5-10, 18-21]. AbMIP
combines ingredients that influence different physiological
processes and modify functions involved in the complex
process of CVD development. Furthermore, it contains
ingredients that help to cover an increased demand
when in a diseased state (e.g., L-arginine and folic
acid) [18, 24]. The current randomized, double-blind,
placebo-controlled cross-over study evaluated the ef-
fects of AbMIP in subjects with early signs of CVDs
(elevated blood pressure and hyperhomocysteinemia).
Four weeks of supplementation with AbMIP led to a
significant difference in fasting endothelial function
(endothelium dependent vasodilation) and significantly
lowered homocysteine levels in comparison to placebo
supplementation.

Due to the multi-ingredient character of AbMIP, dif-
ferent mechanisms could be responsible for the observed
effectiveness. Anti-inflammatory and anti-oxidant effects
can be attributed to Pycnogenol®’, for example [25].
Furthermore, there is evidence that Pycnogenol® and
arginine stimulate NO production [26, 27]. Improvement
of endothelium-dependent vasodilation has been dem-
onstrated in vivo in patients with stable coronary disease
for 200 mg Pycnogenol®/day [8], healthy subjects with
180 mg Pycnogenol®/day [7] and borderline hyperten-
sive, hyperlipidemic and hyperglycaemic individuals with
150 mg Pycnogenol’/day [28]. In the current trial the
study product contained 80 mg Pycnogenol® in combin-
ation with arginine, B-vitamins and further ingredients.
The effects were assessed after 4 weeks of supplementa-
tion. Intake of the multi-ingredient product, AbMIP, led
to significantly lower homocysteine levels compared to
placebo. Likewise systolic blood pressure significantly
decreased after supplementation with AbMIP, however,
when compared with the placebo group the difference
was not statistically significant due to strong placebo-
effects. The difference of systolic blood pressure under
placebo also decreased significantly within the group. It

is known from literature, that placebo effects are quite
commonly detected in hypertension trials [29], especially
regarding systolic blood pressure [30, 29]. Consequently,
the lack of efficacy for systolic blood pressure in compari-
son to placebo may be due to strong placebo effects and
possibly due to the relatively short supplementation phase,
which was adapted to the primary endpoint change of
endothelial function. In order to mitigate any blood pres-
sure placebo effects, it is supposed, that a longer supple-
mentation phase would have been more suitable.

While significant effects of AbMIP on fasting endothe-
lial function were observed, postprandial endothelial
function did not reveal significant effects. Nevertheless
the postprandial reaction after supplementation with
AbMIP was more distinct when compared to placebo. In
further studies, with the main emphasis on postprandial
endothelial function, it would be more suitable to exam-
ine the effects of AbMIP before and after supplementa-
tion in larger sample sizes in order to prove effectiveness
Another potential weakness of the study relates to di-
fferent starting levels of the fasting endothelial function.
Although nutrition, physical activity and lifestyle were
controlled during the study period, subjects were instructed
not to change their behavior and measurement conditions
were highly standardized, the starting levels of fasting endo-
thelial function were slightly different between placebo and
AbMIP. These differences were not significant, however,
this aspect needs to be considered for interpretation of
results. Baseline time points were separated by a period of
3 months. It is known, that endothelial function is influ-
enced by different factors, like temperature, season, hormo-
nal status, psychological stress or nutritional status [31-33].
In this study, all controllable and influencing factors were
considered (e.g., temperature control, acclimatisation time,
female hormonal status, time of day). For determination of
changes of fasting endothelial function, it is important to
record individual changes and therefore include measure-
ments before and after intervention. For this study a design
with a period of 4 weeks of supplementation was chosen.
This period is is supposed to be long enough to allow
detection of possible effects but also short enough to
minimize seasonal and other unpredictable influences. Al-
though baseline levels were slightly different, individual
changes demonstrated significant influences of AbMIP
versus placebo. This indicates high potential of AbMIP for
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improvement of endothelial function in such a collective.
Studies with larger sample sizes would be required to
confirm the results.

During the 4-week supplementation phase of the
current study, no safety concerns were noted for AbMIP.
The tolerability was excellent and no related adverse
events occurred. Altogether, AbMIP is a safe and well-
tolerated preparation with high potential for the benefit
of vascular health by improving endothelial function and
lowering homocysteine levels. In the current trial, the
effectiveness of AbMIP was evaluated in non-medicated
subjects with elevated blood pressure and hyperhomo-
cysteinemia. In future, it would be very interesting to
investigate the influence of AbMIP on blood pressure
after longer periods of supplementation.

Conclusion

ADbMIP, containing Pycnogenol®, arginine, folic acid, vita-
mins B6 and B12 as the main active ingredients, demon-
strated significant improvement of fasting endothelial
function and homocysteine levels in subjects with ele-
vated blood pressure and hyperhomocysteinemia when
compared against placebo control. Further research is
needed to investigate the blood pressure lowering effects
and confirm the effects shown in this study. AbMIP is
very well tolerated and demonstrated high potential for
vascular health due to relevant effects on endothelial
function and hyperhomocysteinemia.
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