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Abstract

Previous part of clinical trial ISRCTN55339917) highlighted several beneficial effects of RAC (Reg’ Activ Cholesterol™) comprising also antioxidative
and antiatherogenic probiotic Lactobacillus fermentum ME-3[1]. Cardiovascular diseases are number one cause of death globally. Beneficial modifying of
the cardio-metabolic profile has major impact for long-term success. Our previous open-label pilot study showed a complex positive influence of a food
supplement Reg’Activ Cholesterol (RAC) on Cardio-Metabolic Parameters (CMP).

To test in very long-term run both sustainability of these effects and safety of RAC we now aimed to investigate RAC effects during 3 years. Main
randomizing sign was prediabetic level of glycated haemoglobin (HbAlc between 5.7-6.4%) in clinically asymptomatic volunteers who had elevated

level of low density lipoprotein cholesterol (LDL-chl) and oxidized LDL (oxLDL).

The level of Cholesterol, LDL-cholesterol and oxLDL and HbAlc% decreased significantly and HDL-cholesterol increased significantly.

RAC has shown a complex positive effect on cardiovascular risk profile. Still investigations are needed to evaluate its long-term effects on clinical
outcomes. Trial registration: ISRCTN55339917 http://www.isrctn.com/ISRCTN55339917
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Introduction

The study presented here is a sub study from a larger set of
investigations to evaluate the effect of a food supplement Reg’Activ
Cholesterol (RAC) produced by VF Bioscience Company to cardio-
metabolic risk profile. Our previous open-label pilot study [1] showed
a complex positive influence of RAC on Cardio-Metabolic Parameters
(CMP). Cardiovascular Diseases (CVD) and its complications
still hold primacy of health care for societies despite decades of
investigations, guidelines of primary and secondary prevention and
a long list of medicines used to fight them. Managing atherosclerosis,
the patho-physiological process underlying CVD, still needs a lot
of improvement starting from finding a good set of diagnostic
markers until blocking the process that culminates in total vascular
obstruction. For decades we have known that dyslipidemia and
especially an elevated LDL-cholesterol are linked to the pathogenesis
of CVD. The acknowledgement of the role of LDL oxidation, tightly
associated with inflammation, is not new either [2]. Diabetes often
co-exists with CVD and if present it complicates the course of CVD.
The pathophysiological phenomena oxidative stress (OxS), chronic
inflammation and glycation cause cardio-metabolic changes that
are common in the development of metabolic syndrome, diabetes
and CVD [3].The ATTICA study showed that a permanent low-
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grade/ high-normal inflammation (LGI) and an advanced glycation
both may enhance the development of CVD thus linking LGI and
diabetes [4]. It is accepted that the ratio of blood triglycerides to HDL
cholesterol (HDL-cholesterol) (TG/HDL-cholesterol) describes the
insulin receptor resistance [5]. A possible role of a poor or unbalanced
intestinal microbiota in atherosclerosis pathogenesis has also been
described [6]. Thus interventions that favorably modify the cardio-
metabolic profile may find a place in a comprehensive long-term
strategy both in CVD and prediabetes /diabetes management.

RAC is a complex designed of components that theoretically could
positively affect OxS and LDL oxidation and/or glycation and/or other

CMP and inflammatory markers.

The components of RAC are: red yeast rice, ubiquinol, vitamin E,
vitamins B6, B9, B12 and Lactobacillus fermentum ME-3[1].

Lactobacillus fermentum ME-3 (DSM 14241) (LFME-3), a
componentin RAC isa strain isolated from a healthy 1-year old child
[7]. The strain has both antimicrobial and antioxidative functional
properties [8-10]. Several clinical studies [11-14] have shown health
benefits of fermented products containing LFME-3. Our previous
open-label pilot study [1] showed a complex positive influence of a
new innovative food supplement RAC on CMP.


http://www.isrctn.com/ISRCTN55339917
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The aim of the study was to find out if a compiled probiotic
containing formula RAC (VF Bioscience) could have a clinically
significant positive effect on cardiovascular disease risk factor
profiles in clinically asymptomatic volunteers with borderline-
high values of CMPs (alike) (primary targets were LDL-cholesterol,
oxLDL and HbA1c%). Thus, targeted supplemental intervention that
favorably modifies the cardio-metabolic profile may have impact for
adjuvant long-term strategy both in CVD and pre-diabetes/diabetes
management.

Patients and Methods

After finishing the first phase of clinical trial (ISRCTN55339917)
[1] five clinically healthy volunteers with borderline values of risk
factors for CVD and pre-diabetes sign were asked to continue this
open label trial for 3 years, from May 2014 to May 2017. The inclusion
criteria were age 50-75 years, BMI 24-30, being clinically healthy
(asymptomatic). The exclusion criteria were the following: a history of
gastrointestinal disease, diabetes, food allergy, use of any antimicrobial
agent or probiotics or an acute infection within the preceding 2
months; use of any regular concomitant medication including any
non-steroidal anti-inflammatory drugs and antioxidant products
or probiotics within at least the preceding 2 weeks; pregnancy or
breastfeeding; any serious organ or systemic disease, eating disorder,
extensive exercise, genetic hyperlipidemia, drug or alcohol abuse,
smoking, active weight loss > 5 kg in prior 3 months; participation
in other studies within the last 30 days/ during the study and no wish
to participate. The blood samples were collected at Tartu University
Clinics.

From all the inclusion criteria we primarily targeted on the
possible influence of RAC on blood sugar metabolism (HbAlc %)
and thus it was needed to keep this parameter equal in groups at the
beginning of the study. After establishing that the inclusion/exclusion
criteria were fulfilled the HbA1lc was measured (2 weeks before the
actual intervention/test period started) and the five participants with
pre-diabetes diagnostic criteria HbAlc value 5.7-6.4 were included
into the study. According to literature, the screening to detect pre-
diabetes and diabetes enables early prevention and intervention in
asymptomatic, undiagnosed adults in the USA who could be detected
with pre-diabetes using the ADA guidelines. HbA1c% is accepted
as a good predictor for developing diabetes and according to the
guidelines diabetes was defined as HbA1c% >6.5 and pre-diabetes was
defined as HbA1c% >5.7 [15].The participants (5 persons) were asked
not to change diet habits during the investigation period (it was also
checked repeatedly) and continue the previous study protocol[1]for 3
years. This study was carried out in accordance with the Declaration
of Helsinki of the World Medical Association.

Innovative RAC [1] has been designed to promote cardio-
metabolic health (Table 1). This formulation combines pleiotropic
Lactobacillus fermentum ME-3 (LEME3, deposited in the Deutsche
Sammlung von Mikroorganismen und Zellkulturen, GMBH; the
registration number DSM 14241) with other functional ingredients
that have been used in food supplements due to different protective
cardio-metabolic effects [16].
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Table 1. The composition of the RAC capsule

. Quantity per recommended % of
Ingredients daily dose (2 capsules) RDA
666mg
Red Yeast rice -

(10 mg monacolin K)

60 mg
Lactobacillus fermentum ME-3 -
(equals 6 x 10° LAB)

Ubiquinol (Kaneka QH™) 30 mg -

L-cysteine 30 mg -

Vitamin E 10 mg 83%
Vitamin B1 0.66 mg 60%
Vitamin B6 1 mg 72%
Vitamin B9 100 pug 50%
Vitamin B12 1.5 g 60%

Other ingredients: maltodextrin (filling agent), magnesium salts of fatty acids (anti-
caking agent), silica dioxide (anti-aggregating agent), vegetable capsule (hydroxyl-
propyl-methyl-cellulose), soy lecithin

To measure oxLDL the immunoassay ELISA kit (Mercodia AB,
Uppsala, Sweden) was used. Analyses of metabolic indices (plasma
glucose and lipids: total cholesterol Tcholesterol, LDL-cholesterol,
HDL-cholesterol, TG), HbAlc and homocysteine (Hcy) were
performed with standard laboratory methods using certified assays
in the United Laboratories of the Tartu University Hospital, Estonia.
Intervals for routine laboratory tests proposed by the Nordic Reference
Interval Project [17] were used as references.

Statistical Analysis

Calculations were performed using commercially available
statistical software packages (Statistics for Windows and Graph
Pad PRISM Version 2.0). All values are given as mean and standard
deviation (mean + SD). Statistically significant differences between
the different values of each asymptomatic patient during the period
of 3 years of consumption of LFME-3 containing capsules were
determined by using Student’s t-test. In all analyses, p-values < 0.05
were considered to be statistically significant.

Results

During consumption of RAC capsules for 3 years (two capsules
per day) participants did not have any complaints and had statistically
significant positive cardio-metabolic shifts (Table 2). The most
impressive change appeared in the decrease of LDL-chlesterol level.
HbAlc, oxLDL, TG/HDL-chlesterol ratio and Hcy also declined
significantly whereas HDL-chlesterol level increased. Administration
of LEFME-3 containing RAC leads to significant decline of the level
of HbA1c% after 3 year consumption (Table 2). The use of RAC also
declined the insulin resistance marker the TG/HDL-chlesterol ratio
(Table 2) which correlates inversely with the plasma level of small
dense LDL particles. The ratio TG/HDL-chlesterol shows promise as
an index of the atherogenic properties of the plasma lipid profile and
reflects the INS resistance (Table 2) [5, 16].
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Table 2. Markers for cholesterol fractions, triglycerides, prediabetes, inflammation, oxLDL at 0 week (baseline) and after consumption of probiotic LFME-3

containing RAC (2 capsules/per day, 3 years)

Baseline values 12 months 24 months 36 months
HbA1c% 6.27 +0.09 5.81+0.17 5.75+0.10 5.68 +0.08
p=0.0001 p*=0.0025
Cholesterol mmol/l 6.86 +0.09 6.16 + 1.07 5.68 + 1.02 58+1.17
p=0,0009 p*=0.0029
LDL-cholesterol mmol/l 4.97 £ 0.86 4.22+0.93 3.98 +0.088 4.21 £ 1.09
p=0.006 p=0.003 p*=0.0054
HDL-cholesterol mmol/l 1.49+£0.23 1.54 +£0.24 1.61+0.3 1.62 +0.19
p=0.029 p*=0.036
Triglycerids mmol/l 1.77 £0.14 147 £0.13 1.38 £ 0.06 1.62 £0.19
p=0.0039
Hey 12.88 £2.6 12.22 £3.13 10.74 £ 2.01 9.95 + 1.39
p=0.012 p*=0.024
oxLDL U/l 100.0 £ 22.6 83.6 +16.8 72.8+15.2 70.9 + 8.9
p=0.0085 p*=0.028
Ratio TG/HDL-cholesterol 1.22+0.23 1.01 £0.27 0.91 +£0.21 1.03 £ 0.28
p=0.0015 p*=0.021

p= baseline values/24 months; p*=baseline values/36 months.

Discussion

The pathogenesis of diabetes and CVD has several overlapping
cardiometabolic signs. Within the framework of a double-blond,
placebo controlled study clinical trial (ISRCTN55339917) we aimed
to do a very long clinical sub-trial. During such a long-term study
extremely important is careful fulfilment all rules (no do change typical
diet habits, etc). To be convinced that such complicated options were
actually followed during such long period the number of participants
was limited, so it was possible to check very frequently real following of
all needed options by participants. The special accent was focused on
HbA1lc. One of the reasons was the information that despite positive
treatment effects of so called “aggressive statins” there are several side-
effects concerns, including problems with blood sugar-related aspects.
The RAC contains monacolin K (so called “mild statin”), which
mechanism of action is similar to statins, however the level of HbAlc
decreased during the period of 3 years. Innovative composition of
RAC showed also some other beneficial effects, as a decline of levels
of LDL-chlesterol, oxLDL, Hcy and TG/HDL-chlesterol ratio. It
should be mentioned that Hcy is also one of the risk factor of cardio-
metabolic diseases [18]. Obviously, one of components in RAC, a
pleiotropic probiotic LFME3 has an independent substantial role
regarding mentioned beneficial effects.

Human health is closely linked to and dependent on the quality
and variety of gut microbiota. The complex ecosystem inside the
gut consists of complex interrelations between the host, nutrients,
microbiological and environmental factors — and we are just beginning
to understand the mechanisms [6, 19-21]. It has been established in
several settings by different investigators that the effect of probiotics
on lipid metabolism parameters of the host can be quite strain and
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host specific [22-23]. The anti-oxidative and anti-atherogenic effects
of LFME-3 have been tested for in several previous experiments in
vitro, in animal models and human trials. The tested media containing
the strain have been goat milk, cheese, yoghurt, kefir and capsules [8,
11, 12, 14].

In our previous studies all subjects in the LFME-3 enriched kefir
group harbored lactobacilli during the trial [14].

It has been established that probiotics may bind bile acids and
thus remove them from the enterohepatic circulation thus favoring
the decline of Cholesterol level [24]. There may exist other possible
mechanisms: from previous studies it is known that LFME-3
has good activity of glycosyl-hydrolases like alpha-galactosidase,
beta-galactosidase, alpha-glycosidase, beta-glycosidase and beta-
glycoronidase [1, 24]. Glycosyl-hydrolases are mucin degrading
enzymes and the mucin degradation by intestinal bacteria and its
use as a carbon source stimulate goblet cells to increase mucus
production [24-25]. The effects of decrease of LDL level with normal
and borderline high values may be associated with the assimilation
of Cholesterol during bacterial multiplication or binding Cholesterol
to the surface of the cell wall of bacteria, and this way preventing the
absorption of Cholesterol from the intestine into the bloodstream [26].

The production of Short Chain Fatty Acids (SCFA) in the gut
could lead to suppression of the synthesis of fatty acids in the liver,
thus decreasing the TG and VLDL-cholesterol levels secretion rate,
also stimulate carbohydrate oxidation, improved glucose tolerance
and reduce the levels of some pro-inflammatory cytokines [27-28].

Elevated OxS increases the production of oxLDL particles that are
less likely to be recognizable to LDL receptors. The higher the LDL
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content the greater the possibility of production of oxLDL. Uptake of
oxLDL particles by arterial wall macrophages leads to the formation
of foam cells under the endothelium and atherosclerosis. The
consumption of RAC capsules for 3 years decreased both the amounts
of LDL and oxLDL, while the amount of HDL-Cholesterol increased.
The effect of monacolin K and LEME-3 may be the reasons for that
[29-30].

The possible mechanisms of action of homocystein (Hcy) in
contribution to vascular risk include endothelial dysfunction,
inflammatory response, oxidation of LDL-cholesterol, and platelet
activation [18]. The level of Hcy declined in RAC users.

The type 2 diabetes is a disease with multi-factorial etiology that
is characterized by hyperglycemia due to resistance to insulin signal
and insufficient compensatory response in secretion of this hormone.
Insulin resistanceisassociated with cardiovascular disease pathogenesis
[27]. Colonization with LEME-3 was negatively associated with blood
glucose level thus showing its possible potential for carbohydrate
metabolism modification in the gut or limiting their absorbance into
the blood. In recent scientific papers it is shown that gastrointestinal
OxS is associated with the non-specific glycation, which in turn may
influence the long term level of blood sugar. The ability of LFME-3
to decrease the level of HbA1c% was demonstrated in our study. The
up-regulation of pro-inflammatory cytokines associated with OxS and
inflammation as well as non-specific glycation may reduce glucose
transporter type 4 (GLUT4) expressions and translocation to the
plasma membrane in human adipocytes and muscle cells, resulting in
decreased insulin-stimulated glucose uptake [28-29]. The same may
happen to GLUT2, characterized with low affinity and high capacity
for glucose. This isoform of glucose transporter is involved in glucose-
sensing in pancreatic B-cells, liver, and the hypothalamus as well as
triggering the glucose mediated INS secretion cascade and/or INS
synthesis. GLUT2 ensures that the glucose flux is proportional to blood
glucose concentrations [30]. The RAC formula contains monacolin
K that inhibits HMG-CoA-reductase, the key enzyme of cholesterol
synthesis. This formula also contains powerful antioxidants vitamin
E and ubiquinol (vitamin Q). A study by Macchi and colleagues [31]
also demonstrated the beneficial effects of a probiotic, red yeast rice
extract, niacin and coenzyme Q10 targeting dyslipidemia (high LDL-
cholesterol) in two different mechanisms, by inhibition of cholesterol
synthesis and by reabsorption.

Targeting hyperglycemia and OxS simultaneously may work in
cooperation in correcting the lipid profile abnormalities (e.g. elevated
LDL levels) and improve OxS which increases the susceptibility
of LDL particles to oxidation and glycation [32]. In turn this is an
option to prevent endothelial dysfunction and atherosclerosis. Intake
of cysteine is the rate-limiting factor in human glutathione (GSH)
biosynthesis. GSH is a regulator of many body functions and the
principal cellular antioxidant. RAC contains L-cysteine and LFME-3
can transport and synthesize glutathione and has the ability of redox
cycling of glutathione [10, 14, 33]. Vitamins B1, B6, B9 and BI12 in
the RAC composition have several cardio-metabolic effects including
the control of Hcy level. Probably the simultaneous targeting of
hyperglycemia and OxS could be at least as effective as intensive
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treatment of hyperglycemia in prevention of T2DM complications [33].
As CVD and T2DM are chronic conditions needing an (almost) life-
long attention and management there is a place for food supplements
and functional foods in the complex management of them [34-35].

Conclusion

In recent through meta-analysis was concluded that probiotics
may cause beneficial shift in blood lipid profile and fast blood
glucose in patients with T2DM. We have repeatedly showed that anti-
oxidative LFME3 as several beneficial cardio-metabolic effects. Now
we established that the RAC, comprising also LEME3, has positive
effects in asymptomatic volunteers with borderline values of risk
factors in very long run. A reduction in OxS status and simultaneous
control of other cardio-metabolic risk factors seems to be a good
option to improve prevention and treatment strategies. As CVD and
T2DM are chronic conditions requiring a life-long attention and
management an implementation of some adjuvant components (eg.
nutraceuticals), with verified effects, and deserved attention regarding
more comprehensive management.
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