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Abstract

Introduction Lifestyle changes present a fundamental role in cardiovascular prevention. Nutraceuticals also supplementing
diet could help in controlling the cardiometabolic risk.

Aim (1) to evaluate acute effects of a combination of nutraceuticals (c(NUT) on vascular function, BP, metabolism in dys-
lipidaemic patients before and after smoking; (2) to evaluate 12 weeks effects of the cNUT on lipid profile, insulin resistance
and vascular function in patients with hypercholesterolemia not on statins.

Methods After 14 d run-in period, 33 patients assumed a cNUT [patented formula containing: berberine (531.25 mg), red
yeast rice powder (220 mg, 3.3 mg monacolin K) and leaf extract of Morus alba (200 mg) (LopiGLIK®, Akademy Pharma)].
To evaluate acute effects, cNUT or cNUT + smoking (in smoking subjects) on the morning of the first day of the study and
then 26 patients prolonged 12 weeks effects.

Results In non smokers, cNUT improved FMD (p = 0.041 for treatment). In smokers, FMD decreased after smoking,
this was counteracted by intake of cNUT. In smokers, DBP increased after smoking a cigarette (p = 0.042 for treatment),
counteracted by the cNUT intake. In non smokers, thermogenesis was increased after cNUT administration (p < 0.0001
for treatment). After 12 weeks of cNUT, FMD significantly increased (p < 0.05) and SBP (p = 0.04), total cholesterol and
LDL cholesterol (p = 0.03) decreased.

Conclusions Our study suggests benefits of cNUT on cardiovascular prevention in hypercolesterolemic patients, non statin
treated, that goes beyond the cholesterol and insulin resistance reduction protecting the subject from negative effects induced
by smoking too.
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1 Introduction

Cardiovascular risk factors are associated with an increased
risk of atherosclerotic disease and cardiovascular events
[1]. The control of cardiovascular risk therefore remains a
specific target in the prevention and management of athero-
sclerotic disease and a great challenge for cardiovascular
prevention in Western countries [2]. Recent studies have
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shown how the early assessment of vascular damage and in
particular of endothelial dysfunction play a dominant role in
the prognosis of the population with high cardiovascular risk
[3]. In fact, endothelial dysfunction seems to play an impor-
tant role in the pathogenesis of cardiovascular diseases [4].
This hypothesis is supported by prospective studies show-
ing that endothelial dysfunction is a predictor of future car-
diovascular events [5]. Endothelial dysfunction is a crucial
event of atherogenesis, which occurs early because of expo-
sure to common cardiovascular risk factors [6]. In fact, arte-
rial hypertension, dyslipidaemia, type 2 diabetes, cigarette
smoking can induce oxidative stress [7, 8], inflammation [9],
platelet hyperaggregability and inactivation of nitric oxide
(NO) with alteration of endothelial function [10].
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A pivotal role in cardiovascular prevention is represented
by dietary and lifestyle changes (limitation of caloric intake,
limitation of fats in particular of saturated and trans fats,
avoid foods or drinks with a high glycaemic index, regularly
practice physical exercises, etc.) [6, 11] often difficult to con-
trol due to the patient's poor adherence to the recommended
modifications [12]. Additionally, increasing evidence sup-
port the fundamental role of nutraceuticals in counteract-
ing cardiovascular risk factors as in case of hypercholes-
terolemia and hypertension [13]. Further, flavonoids have
been reported to improve insulin resistance and endothelial
function and decrease blood pressure also by increasing the
bioavailability of NO and reducing the formation of reactive
oxygen and nitrogen species [14].

In accordance with the clinical evidence, experimen-
tal studies have shown that dietary supplementation with
cocoa procyanidins was able to prevent, in a dose-dependent
manner, the development of hyperglycaemia in obese mice
[15]. However, the above data have not yet had definitive
confirmation and part of the insufficient information deriv-
ing from human intervention studies is often attributable
to inaccuracies in the study design and the different dosage
of nutraceuticals used [16]. Some natural bioactive nutra-
ceuticals (berberine, white mulberry and monacolin) have
shown in various preclinical and clinical studies to improve
lipid structure, fasting glycemia, insulin resistance, and some
anthropometric parameters related to overweight to varying
degrees [17].

In this context, therefore, the intake of natural substances
to be taken with the diet in the form of food supplements
could help in controlling the cardiometabolic risk [18]. A
combined nutraceutical that could allow in single adminis-
tration to improve glyco-lipid metabolism and other param-
eters related to overweight when associated with correct
eating habits and regular physical activity, could constitute
a fundamental tool to decrease the exposure to important
risk factors and increasing patient compliance with healthy
lifestyles [19-21].

Moreover, it is also possible to combine nutraceuticals
with different lipid-lowering actions. Particularly, the asso-
ciation between nutraceuticals and lifestyle changes could
be considered a valid alternative tool to pharmacological
treatment in primary prevention patients with low to moder-
ate cardiovascular risk and in some statin intolerant patients.
Furthermore, molecules with different mechanisms of action
can be associated to obtain a synergistic effect, acting on the
intestinal absorption of lipids and/or their excretion.

Therefore, aim of the study was to evaluate: the acute
effects of a c(NUT (LopiGLIK®) on vascular function
(endothelial function and arterial stiffness) in dyslipidae-
mic patients before and after smoking (in smokers). Fur-
thermore we aimed to evaluate 12 week effects of prolonged
intake (1 tablet per day) of the cNUT on lipid profile, insulin
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resistance and vascular function in patients with hypercho-
lesterolemia not on statins.

2 Methods
2.1 Study Design

We conducted a randomized single-blind study to evalu-
ate the acute effects of a cNUT (LopiGLIK®) on vascular
function, BP and metabolism before and after smoking in
patients with hypercholesterolemia not on statins.

The study population included consecutive adult patients
(age > 18 e < 75) referring to our ambulatory of Nutrition,
Metabolism and Cardiovascular prevention with hypercho-
lesterolemia. According to the inclusion/exclusion criteria
(Table 1), we enrolled patients not requiring statins or report-
ing statin intolerance. The study protocol was approved by
local Ethics Committee. All participants gave their written
informed consent.

After a 2-week run-in phase, during which patients were
suggested to follow a specific nutritional pattern based on
Mediterranean diet (fruits, vegetables, intake of fish, leg-
umes, unrefined whole grains, low fat dairy products olive
oil, unrefined whole grains and a moderate intake of alco-
hol), participants responding to the inclusion/exclusion
criteria (Tables 1, 2) were assigned to assume LopiGLIK®
containing Berberine (531 mg), Red yeast rice powder (a.3
mg Monacolin K) and Morus alba (200 mg) combination.

To evaluate acute effects, on the morning of the study
visit, the volunteers arrived in a fasting state and after clini-
cal visit with measurement of anthropometric parameters
they take the cNUT product. Vascular measures were per-
formed before (t = 0) and 1, 2, and 3 h after consumption of
the test product in a supine position in a quiet, temperature-
controlled (22-24 °C) room by trained, certified staff who
were blind to the study protocol. In smokers, this procedure
was repeated in 2 days, after smoking a cigarette (after 1 h,
2 h and 3 h) and after smoking + cNUT product intake (after
1 h, 2 h and 3 h). Then, after the acute phase smokers and
non smokers volunteers continued to assume LopiGLIK®
(1 tab per day) for 12 weeks. Before and after this interven-
tion period the lipid profile, the glyco-insulinemic pattern
and HOMA-index and endothelial function were measured.

2.1.1 Endothelial Function

In non smokers participants, FMD of the brachial artery
was measured before (baseline, t = 0) and 1, 2, and 3 h
after the cNUT product. While in smokers volunteers FMD
was evaluated before (baseline, t = 0) and 1, 2, and 3 h
after smoking and 1, 2, and 3 h after smoking + intake of
cNUT product. FMD of the brachial artery was assessed
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Table1 .

Inclusion criteria
Age > 18 e < 75 years old

Hypercholesterolemia not requiring statins or in statin intolerant subjects

No use of supplements 4 weeks prior to and during the study
Agreeing to be informed about medically relevant personal test-results
Informed consent signed

Patients treated with lipid lowering drugs during the previous 6 weeks and patients with severe hypertriglyceridemia (>500 mg/dl).

Willing to replace use of aspirin and aspirin-like painkillers (e.g. Ibuprofen) by paracetamol

Exclusion criteria

Reported Intolerance or allergy to the study products

A recorded history or current metabolic diseases, chronic gastrointestinal disorders, cardiovascular or renal disease

Subjects who are taking prescribed medical treatment

Currently on a medically prescribed diet, or slimming diet

Reported intense sporting activities > 10 h/w

Patients treated with lipid lowering drugs during the previous 6 weeks
Use of systemic antibiotics in the period of 3 month prior to the study

Recent blood donation i.e. 1 month (male subjects) or 2 months (female subjects) prior to the study and no planned blood donation during the

study period

Reported lactating, pregnant or wishing to become pregnant during the study

Reported weight change + 10% during a period of 6 months prior to the study

Reported participation in another biomedical study 3 months before the start or during the study

Reported participation in night shift work

Table 2 Basal clinical characteristics of the study population

Number of patients 33

Age (years) 45+ 13
Gender (male/female) 17/16
Weight (Kg) 799 +£16.3
BMI 272442
SBP (mmHg) 127 +10.5
DBP (mmHg) 784 +17.5
HR (b/min) 67 +13

Data are given as mean + SD

after 15 min at rest. FMD was always determined by the
same physician, who was blinded to the study design and
objectives. FMD of the brachial artery of the dominant
arm was measured by ultrasonography (General Electric).
The transducer was held at the same point throughout the
scan by a stereotactic clamp. The arterial diameter was
measured at approximately 5—-10 cm above the elbow.
Endothelium-dependent vasodilation was considered the
maximal dilation of the brachial artery induced by the
increased flow using the FMD Studio system (QUIPU,
Pisa, Italy) as previously described [22, 23].

2.1.2 Blood Pressure Measurements

Office BP measurements were recorded by a validated oscil-
lometric device with appropriately sized cuffs (Omron 705
CP; Omron Matsusaka Co. Ltd., Matsusaka-City, Japan) on
the dominant upper arm. For this purpose, patients rested 15
min in supine position. Then, the first BP measurement was
discarded and the subsequent three consecutive BP readings,
taken at 5 min intervals, were recorded. The average of these
latter measures was considered for statistical analysis.

2.2 Thermogenesis and Energy Expenditure

The SenseWear Armband (Bodymedia, Pittsburg, Penn-
sylvania, USA) is a triaxial accelerometer and sensors for
skin temperature, heat flux, and galvanic skin responses.
The patterns of signals from these sensors are combined
to determine the type and intensity of activity. Proprietary
algorithms including individual characteristics (age, sex,
weight, height) are used to estimate energy expenditure and
skin temperature each minute. The monitor was attached
with the elastic strap around the non-dominant arm, and col-
lected data were processed in both software 6.1.

2.2.1 Haematochemistry and Blood Lipids

In all individuals, a routine hematochemical check was per-
formed by standard methods at baseline and after long-term
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active treatment phase. Fasting plasma glucose and insu-
lin, serum total cholesterol, high-density lipoprotein (HDL)
cholesterol, low-density lipoprotein (LDL) cholesterol, and
triglyceride levels were assessed in the clinical chemistry
laboratory using routine procedures. Plasma glucose and
insulin values were used to calculate the index of insulin
resistance, the homeostasis model assessment of insulin
resistance (HOMA-IR).

2.3 Statistical Analysis

Data analysis was performed using the SAS software (SAS
Institute, Cary, NC, USA, version 9.4). Descriptive analy-
sis consisting of distribution statistics (number of available
observations, mean and standard deviations) were presented
for continuous data.

The Shapiro-Wilk test was used to test the normality of
variables distribution.

The analysis of differences in variables, in the overall
sample of smokers and non-smokers between baseline and
12 weeks, was carried out with Student’s t-test for paired
data.

A linear-mixed models with Proc Mixed Procedure were
used for repeated measures analysis of data in smokers
before and after smoking (smoking considered as treatment).

Repeated measures analysis of variance with Proc
ANOVA was used to evaluate differences in time in the
values of variables in smokers and non-smokers. Post-hoc
comparisons were performed with the Bonferroni test, using
a downward adjustment of the a error to compensate for
multiple comparisons.

Statistical power was based on results obtained in simi-
lar studies with polyphenols on FMD (i.e. FMD increased
by 1.9% at a SD of 1.6% after cocoa polyphenol consump-
tion). Therefore, a total sample number of 20 subjects was
considered sufficient to demonstrate statistically significant
(two-sided, alpha = 0.05 and power = 0.80) an average
difference = 1 and SD = 1 in the values of FMD between
baseline ad 12 weeks. Statistical power was calculated using
G*Power Version 3.1.9.7.

3 Results

We enrolled 19 non smoking (mean age 50 + 11.6 years) and
14 smoking volunteers (mean age 38 + 12 years) responding
to the inclusion/exclusion criteria (Table 1) were evaluated
for acute effects. Clinical characteristics of the study popula-
tion are reported in Table 2.
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Fig.1 Acute effects of a ¢cNUT (LopiGLIK®) on endothelium-
dependent flow-mediated dilation in 19 non smoker patients with
hypercholesterolemia. Data are means + SD. Data points with differ-
ent superscripts are significantly different. *Different from baseline.
Differences are considered significant when p < 0.05.

Then 26 volunteers prolonged the intervention study to
12 weeks. 7 patients refused to continue with the long-term
study for personal reasons.

3.1 Acute and Long-Term Effects
3.1.1 FMD

In non smokers, FMD significantly acutely increased from
7.0+ 3.0%t09.4 +3.9%, 8.9 + 3.3% and 8.1 + 3.6% after
1, 2 and 3 h from intake of the cNUT, respectively (Fig. 1).
Respect to baseline values, cNUT significantly improved
FMD endothelial function (p = 0.041 for treatment).

In smokers, FMD decreased from 5.2 + 2.5% to
47 +2.4%,4.9 + 39% and 3.7 + 1.1% 1, 2 and 3 h after
smoking a cigarette, respectively. Always in smokers, when
smoking a cigarette was preceded by intake of cNUT, FMD
did not decrease and changed from 5.0 +2.1% to 5.1 + 1.8%,
52 +2.4% and 4.4 + 2.8% (Fig. 2).

After 12 weeks of intervention, FMD significantly
increased from 6.32 + 2.5% to 7.6 + 1.9% (p < 0.05)
(Fig. 3).

3.1.2 Blood Pressure

In non smokers, SBP/DBP did not acutely change after
cNUT administration.
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Acute effects on FMD in smokers

Smoke + NUT

After Smoking

Time

Fig.2 Acute effects of smoking with and without intake of cNUT
(LopiGLIK®) on endothelium-dependent flow-mediated dilation in
14 smoker patients with hypercholesterolemia. Data are means +SD.
Differences are considered significant when p < 0.05

12 wks NUT combination effects on FMD
12

10 *

*p<0.05

FMD (%)

Before After 12 wks

Fig.3 Effects of 12 weeks consuming cNUT (LopiGLIK®) on
endothelium-dependent flow-mediated dilation in 26 smoker and no
smoker patients with hypercholesterolemia. Data are means + SD,
*Different from baseline. Differences are considered significant when
p <0.05

In smokers, SBP did not change while DBP sig-
nificantly acutely increased from 78.4 + 9.0 mmHg
to 83.9 + 10.4 mmHg, 81.9 + 10.3 mmHg and
81.1 + 7.5 mmHg after 1, 2 and 3 h after smoking a ciga-
rette, respectively (p = 0.042 for treatment). Always in
smokers, when smoking a cigarette was preceded by intake
of cNUT, SBP/DBP did not change.

After 12 wks of intervention, SBP signifi-

cantly decreased (SBP 131.6 + 11.0 mmHg to

125.2 + 11.1mmHg, p = 0.04); while DBP decreased but
not significantly (79.4 + 7.7 mmHg to 78.3 + 8.5 mmHg;
n.s.).

3.2 Thermogenesis and Energy Expenditure

In non smokers, thermogenesis was significantly increased
after cNUT administration (Fig. 4A). Similarly but not
significantly, the energy expenditure increased from
0.96 + 0.15 METs to 0.99 + 0.16 METs, 0.98 + 0.11 METs
and 0.96 + 0.13 METs after 1, 2 and 3h from intake of
the NUT combination, respectively (Figure 4B). In smok-
ers, thermogenesis and energy expenditure increased
but not significantly (Body surface temperature/energy
expenditure: from 30.6 + 1.7 °C/1.0 + 0.21 METs to
313 +£ 1.1 °C/1.1 £ 0.16 METs, 31.2 + 1.5 °C/0.9 + 0.09
METs and 31.9 + 0.9 °C/0.9 + 0.11 METs 1, 2 and 3 h
after smoking a cigarette, respectively, n.s.). On the contrary,
when smoking cigarette was preceded by intake of cNUT,
body surface temperature significantly increased and energy
expenditure raised from baseline after 1, 2, and 3 h after
(Fig. 5A, B, respectively).

3.2.1 Lipid, Glucose and Insulin Metabolism

Respect to baseline values, total cholesterol and LDL cho-
lesterol significantly decreased after 12wks intervention
with cNUT (Fig. 6A, B, respectively), while HDL choles-
terol and triglycerides did not change. Insulin-resistance as
well BMI and waist circumference decreased although not
significantly (HOMA-index: from 1.92 + 1.2 to 1.48 + 1.0,
BMI 27.2 + 4.0 to 25.7 + 7.0 kg/m? and WC: 94.2 + 13.3
to 87.0 £ 22.2 cm; n.s.).

The cNUT was well tolerated with no changes in ALT,
AST and CPK.

4 Discussion

In our study we observed for the first time that a cNUT
can acutely improve endothelial function, BP, thermogen-
esis and energy expenditure also suggesting counteracting
effects on these parameters altered by smoking. Further,
we also confirmed that 12 wks of treatment with a cNUT
approved by ESC/EAS guidelines for the management of
dyslipidaemias was also able to improve the lipid profile
in patients with hypercholesterolemia not requiring statins
or statin intolerant [23]. According to this, potential addi-
tional effects to the well known effects related to Mona-
kolin k and Berberine on plasma cholesterol and glucose
metabolism [17, 20, 24], was also represented from the
fundamental effect suggested by the action of Morus alba.
Indeed, the Morus species is considered a very rich source
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Acute effects of NUT on thermogenesis and energy expenditure in non smokers
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Fig.4 Acute effects of a cNUT (LopiGLIK®) on thermogenesis (A)
and energy expenditure (B) in 19 non smoker patients with hypercho-
lesterolemia. Data are means + SD. Data points with different super-
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B Acute effects on Energy expenditure in smokers
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Fig.5 Acute effects of smoking after intake of cNUT (LopiGLIK®) on thermogenesis (A) and energy expenditure (B) in 14 smoker patients
with hypercholesterolemia. *Different from baseline. Data are means + SD. Differences are considered significant when p < 0.05
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Fig.6 Effects of 12 weeks
consuming cNUT (LopiGLIK®)
on total cholesterol (left) and
LDL cholesterol (right) in 26

smoker and no smoker patients 350
with hypercholesterolemia. Data
are means + SD, *Different
from baseline. Differences are 300
considered significant when
p <0.05 =
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of flavonoids and anthocyanins, of great biological, phar-
macological, and clinical interest because of their antioxi-
dant and vasoactive properties [25, 26]. In line with this
point, we recently observed a specific relationship between
flavonoids and endothelial function [27] and also EFSA
defined a claim suggesting that “a cause-and-effect rela-
tionship has been established between the consumption
of cocoa flavanols and maintenance of normal endothe-
lium-dependent vasodilation” [28]. Therefore, suggest-
ing a specific putative role of flavonoids also included in
Morus alba and in this cNUT as fundamental vasoactive
compounds able to improve endothelial function and also
counteracting negative effects of smoking in the popula-
tion of hypercolesterolemic patients we studied. Consist-
ent with this, our evidence on the endothelial protection
obtained against cigarette smoking (a factor well known
to be particularly critical in increasing cardiovascular risk
and in favouring endothelial damage) [29], further sup-
ports the observations that this cNUT was also effective
in improving the endothelial-dependent response derived
coronary flow reserve, independently of the beneficial
effects exerted on the lipid profile [30].

Moreover, of particular interest, supporting and adding
valuable evidence regarding the cardiometabolic effects of
this cNUT [17, 31], indeed, our results suggest a putative
role of these nutraceuticals in raising thermogenesis and
energy expenditure, therefore ulteriorly suggesting addi-
tional pathophysiological mechanisms involved in the effects
reported on body weight and insulin resistance reduction

12 wks NUT combination effects on Total and LDL cholesterol

Total cholesterol

*
*p < 0.05
LDL cholesterol
[ T
After 12 wks Before After 12 wks

[17]. On this interesting point, a recent experimental study
also reported that the leaf flavonoids from Morus alba were
able to significantly improve skeletal muscle insulin resist-
ance and mitochondrial function in db/db mice modulating
the AMPK-PGC-1a signalling pathway (32).

5 Conclusions

Although our results do not clarify completely the mech-
anisms underlying the favourable effect of this cNUT
(LopiGLIK®) on vascular function, BP and metabolism, and
also considering the study limitations, the observations by
our study suggest that an association between certain nutra-
ceutical clinically tested together a lifestyle change could
be considered a valid tool in primary prevention patients
with low to moderate cardiovascular risk and in some statin
intolerant patients.

6 Limitations

The results of this study should be interpreted considering
some limitations.

In our study we considered limited number of patients,
therefore our results require larger population study confir-
mation. Accordingly, the small sample size may account for
lacking significant changes on insulin resistance and body
weight reduction.
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Although our encouraging results, we provided a single
blind study on acute effects that need longer and controlled
larger trial to better define the clinical considered hypothesis.
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