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Abstract.

BACKGROUND: Cardiovascular disease, global leading cause of morbi-mortality, deserve a special attention of efficacious
and safe treatments. Development of new principles based on the intestinal microbiome has been revealed as a promising
approach.

OBJECTIVE: To assess the effects of a combination of three Lactobacillus plantarum strains on low-density lipoprotein
cholesterol (LDL-C) and other lipid parameters in hypercholesterolemic adults.

METHODS: In this double-blind, placebo-controlled, randomized trial, 60 patients (mean age 51.8 y, BMI 26.2 kg/m?, LDL-
C 167.5 mg/dL) not receiving lipid-altering treatment were treated either with a L. plantarum-containing probiotic (LpPRO)
or placebo (PLBO) single capsule daily for 12 weeks. Lipid and safety parameters were assessed at screening/baseline, 6 and
12 weeks of treatment, and after a 4-week follow-up period.

RESULTS: At 12 weeks, compared to PLBO, the LpPRO group had significantly (p <0.001) larger reductions in LDL-C
(24.4 vs. 9.8 mg/dL), total-C (33.7 vs. 10.6 mg/dL), LDL-C/high-density lipoprotein cholesterol (HDL-C) ratio (0.8 vs. 0.3),
oxidized LDL (7.5 vs. 1.0 U/L) and triglycerides (29.1 vs. 4.1 mg/dL). HDL-C was also significantly (p <0.001) increased
in LpPRO vs. PLBO (2.9 vs. 0.4 mg/dL).

CONCLUSIONS: The L. plantarum combination reduced LDL-C and improved other lipid parameters, suggesting its
potential for hypercholesterolemia treatment.
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1. Introduction

Cardiovascular disease (CVD) is a leading cause of morbidity and mortality worldwide [1-6]. Large obser-
vational studies and randomized controlled trials demonstrate that elevated low-density lipoprotein cholesterol
(LDL-C), total cholesterol (total-C), non-high-density lipoprotein cholesterol (non-HDL-C), and triglycerides
(TG) as well as low HDL-C levels, are associated with increased cardiovascular risk [6, 7]. Clinical trials of statin
therapy have shown that a 1% reduction in serum cholesterol is associated with approximately a 1% decrease in
risk for coronary heart disease (CHD) [6, 8, 9]. Studies of genetic variants that alter cholesterol levels indicate
that maintaining lower cholesterol for a longer duration than that of a typical clinical trial yields an even greater
reduction in CHD risk, with each 1% reduction in LDL-C attributable to genetic variants being associated with
a reduction of 2-3% in CHD event risk [6, 10, 11].

Lifestyle changes, including diet and exercise, are the first line of therapy for individuals with hypercholes-
terolemia; and pharmacologic agents are recommended for those requiring additional atherogenic cholesterol
lowering who are at sufficient risk to justify their use [5, 6]. Dietary adjuncts can play an important role to provide
additional cholesterol reduction in those who need additional cholesterol lowering after initial lifestyle changes,
whether or not drug therapies are employed [6, 12].

Probiotics are defined as “live microorganisms that, when administered in adequate amounts, confer a health
benefit on the host” [13—15]. They are regarded as safe for human consumption and are available in a variety of
functional foods [16-19].

Some bacterial strains have been shown to reduce lipoprotein cholesterol and triglyceride (TG) levels [20-28].
There are several proposed LDL-C lowering mechanisms of probiotics [27, 29, 30], including: 1) deconjugation of
bile acids (via production of bile salt hydrolases) which interferes with the ability of cholesterol to be incorporated
into mixed micelles, thus reducing its absorption [30, 31]; deconjugated bile acids may also stabilize ATP binding
cassette transporters that are responsible for moving sterols (including cholesterol) out of enterocytes [32, 33];
2) interference with the bioavailability of cholesterol in the small intestine through cholesterol adsorption into
bacterial cell walls [30, 34, 35]; and 3) enhancement of short-chain fatty acid production via colonic fermentation
of undigested carbohydrate, which may inhibit cholesterol synthesis and suppress release of free fatty acids from
adipose depots, reducing substrate for TG synthesis [30, 36].

Lactobacilli are lactic acid-producing bacteria with reported hypocholesterolemic as well as antiglycemic,
antipathogenic, anticarcinogenic, and immunomodulatory properties [37-39]. Lactobacillus plantarum (L.
plantarum) is the predominant Lactobacillus species on oral and intestinal human mucosa, and has been shown to
survive passage through the human gastrointestinal tract and to establish itself in the intestine after consumption
[30, 40]. Bosch et al. 2012 [41] isolated lactic acid bacteria from feces of healthy infants to investigate candidate
strains with potential cholesterol-lowering functions. Three L. plantarum strains (CECT 7527, 7528, and 7529)
in particular were shown to have the capacity to deconjugate bile acids, assimilate cholesterol, and produce
short-chain fatty acids. A mixed culture of these three strains produced better results than individually, and has
been given a patent as a hypocholesterolemic agent (EP 2485743 B1) [42]. The safety of these strains has been
established in in vitro and in animal models [43]. The aim of the current study was to assess the capacity of this
proprietary combination of L. plantarum strains (marketed as AB-Life by AB Biotics, S.A., Barcelona, Spain)
to lower LDL-C and other lipoprotein lipid variables in adults with cholesterol levels above the desirable range.

2. Materials and methods

2.1. Study design

This was a randomized, double-blind placebo-controlled, parallel arm trial conducted at Moncloa Hospital
in Madrid, Spain. Subjects were chosen for recruitment by consulting their clinical records and a database of
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volunteers at the clinical research site. The study included five clinic visits at screening/baseline, the start of
the treatment period (week 0), midpoint of the treatment period (week 6), end of the treatment period (week
12), and 4-weeks following the end of the treatment period (week 16). The first subject was enrolled on April
5, 2010, and the last subject completed the study on September 23, 2010. Approval for this study was given by
the Institutional Review Board/Independent Ethics Committee of the Hospital Universitario Puerta de Hierro
Majadahonda (Madrid, Spain). The study was conducted according to the Declaration of Helsinki, Good Clinical
Practice Standards (2000). Subjects were informed of the characteristics of the study both verbally and in
writing, and gave informed consent. They were also informed that they could discontinue the study at any
time.

2.2. Subjects

Subjects were selected based on results of a detailed medical history, general physical examination, and a blood
test. To be included, subjects with less than two major cardiovascular risk factors were required to be aged 18-65y
and have serum total-C 200-300 mg/dL (5.2-7.8 mmol/L) and LDL-C 130-190 mg/dL (3.4—4.9 mmol/L) while
not on lipid-altering therapy. For subjects with at least two major cardiovascular risk factors or known atheroscle-
rotic cardiovascular disease, the LDL-C level for eligibility was between 100 and 190 mg/dL (2.6—4.9 mmol/L).
Subjects were also required to have body mass index within the range of 19.0-29.9 kg/m?.

Individuals with any of the following were not enrolled in the study: TG >350 mg/dL (3.95 mmol/L), any
ischemic cardiovascular event during the previous 6 months, and hypersensitivity to any of the components
of the study products. Women who were pregnant or breastfeeding were not enrolled. Use of lipid-altering
medications and any other treatment for hypercholesterolemia was not allowed during the 4 weeks prior to the
start of the study. Intake of products enriched with plant sterols, drugs with laxative effects, drugs that require
close monitoring of levels (e.g., warfarin), or more than four concomitant treatments was also not allowed. Any
medications/therapies that the subject was taking were required to be stable for at least 3 months prior to the
start of the study.

Subjects were specifically instructed at the start of the study not to begin or change any hormone treatment, and
to not significantly change their coffee drinking or alcohol intake habits. Subjects were provided with lifestyle
recommendations from the Estrategia Naos, Spanish Strategy for nutrition, physical activity and prevention of
obesity [44], but they did not receive a specific diet during the study.

2.3. Study products

Using computer-generated random numbers, subjects were assigned to receive either L. Plantarum probiotic
(LpPRO) or placebo (PLBO) treatments. Neither the investigators nor the participants knew to which group the
participant was assigned. Study products consisted of gelatin capsules of plant origin. One capsule was taken
daily with water at breakfast. Compliance with study product consumption was assessed by counting unused
capsules returned to the clinic by the participants at study visits.

The composition of the study product capsules is shown in Table 1. The LpPRO product is a proprietary
formulation marketed as AB-Life by AB-Biotics S.A. (Barcelona, Spain). The probiotic formula was a mixture
of three strains (1: 1:1) of L. plantarum deposited in the Spanish Type Culture Collection under the following
codes: CECT 7527, CECT 7528, and CECT 7529. The industrial production and lyophilization of L. plantarum
strains was performed by Sacco S.R.L. (Cadorago, Italy), and the production of the study product capsules
was performed by Laboratorios Salvat S.A. (Barcelona, Spain). The capsules contained excipients to ensure the
stability of the lyophilized probiotic bacteria. PLBO had exactly the same composition as LpPRO, but without the
probiotic. Capsules were stored in a dark, cool, dry place and the level of Lactobacilli in the LpPRO capsules was
determined to be relatively constant throughout the trial. The initial level measured when the batch of capsules
was produced was 1 x 10'° colony forming units (CFU)/capsule; when the first participant was enrolled, the
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Table 1

Composition of study product capsules

Component LpPRO Capsules PLBO Capsules
Per Capsule (mg)

Probiotic mixture of Lactobacillus plantarum® 100.0 0.0

Corn starch 0.0 100.0

Microcrystalline cellulose, pH 10.2 71.1 71.1

Talc 2.6 2.6

Magnesium stearate 1.3 1.3

aMixture contained a combination of 3 strains of Lactobacillus plantarum (1:1:1) at >1.2 x 10° colony forming

units. Abbreviations: LpPRO = Lactobacillus plantarum-containing product, PLBO = placebo.

concentration was 3.01 x 10° CFU/capsule; and at the time of the treatment period completion, the level was
1.28 x 10° CFU/capsule.

2.4. Measurements

Fasting blood samples were collected at screening/baseline and weeks 6, 12, and 16 for measurements of
serum lipid and lipoprotein cholesterol levels using Analyzer BA400 (Biosystems S.A., Barcelona, Spain);
serum oxidized LDL by enzyme-linked immunosorbent assay (ELISA) using the Mercodia® 10-1143-01 kit
(Uppsala, Sweden); and serum creatinine, glucose, gamma glutamyl transpeptidase (GGT), glutamate oxaloac-
etate transaminase (GOT), and glutamate pyruvate transaminase (GPT) using Analyzer BA400. Anthropometrics
(body weight and body mass index) were measured at every clinic visit using TANITA BF3000 scales (Tanita
Corporation of America, Inc., Arlington Heights, IL, USA). Any adverse events were recorded at the clinic visits
by the investigator.

2.5. Statistical analyses

A sample size of 30 subjects per group was estimated to provide 80% statistical power to detect an LDL-C
reduction of ~23 mg/dL compared with the placebo response for LpPRO treatment with 5% significance, two-
sided, assuming a standard deviation of 30 mg/dL. To ensure adequate representation of both sexes, the difference
in participation between men and women was targeted not to exceed 20%.

Statistical analyses were conducted using SPSS for Windows, version 18 software (PASW Statistics, formerly
SPSS Inc., Chicago, IL, USA). The primary endpoint variable was the difference between LpPRO and PLBO
groups in the change from baseline to week 12 in LDL-C. Because the 12-week timepoint was considered
primary, no adjustments to the alpha level were made for multiple comparisons of values at secondary timepoints
(weeks 6 and 16). Baseline characteristics were compared between treatment groups using chi-square tests (for
qualitative data) and the Student’s #-test (for continuous data). Efficacy and safety variables were analyzed by
two-sample #-tests. Statistical significance was defined as a 2-sided p-value < 0.05. To discriminate between
models assuming equal variances, or not, Levene’s test was used.

3. Results

Sixty subjects were randomized to receive either the LpPRO (n=30) or PLBO (n=230) treatments and all
completed the full length of the study, including the 4-week follow-up after the completion of the treatment
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| Screening of the patients |

Participants randomized (n = 60) |

|
l |

| LpPRO (n = 30) | | PLBO (n = 30) |
| Completed Study (n = 30) | | CompletedStudy (n = 30) |
| Included in Analyses (n = 30) | | Included in Analyses (n = 30) |

Fig. 1. Disposition of subjects throughout the study. Abbreviations: LpPRO = Lactobacillus plantarum-containing probiotic, PLBO =

placebo.

Table 2

Demographic and other baseline characteristics of subjects assigned to LpPRO or PLBO treatments?®
Characteristic LpPRO (n=30) PLBO (n=30)
Sex (male/female) 19/11 15/15
Age,y 51.2(7.7) 52.3(6.7)
Systolic blood pressure (mm Hg) 114.4 (15.7) 115.8 (15.1)
Diastolic blood pressure (mm Hg) 71.0 (8.4) 71.9 (10.0)
Heart rate (bpm) 74.3 (8.5) 76.7 (9.5)

#Values, except for sex, are means (standard deviation). There were no significant differences between treatment
groups at baseline assessed by an unpaired r-test. Abbreviations: LpPRO = Lactobacillus plantarum-containing

product, PLBO =placebo.

period (Fig. 1). Demographic and clinical characteristics were similar between treatment groups (Table 2).
Overall, 43.3% of the subjects were female, and subjects had a mean age of 51.8 &= 7.2 years and mean body
mass index (BMI) of 26.24+2.5 kg/m2. Mean =+ standard deviation baseline serum LDL-C and total-C levels
were 167.5 +20.5 mg/dL (4.3 & 0.5 mmol/L) and 250.0 & 27.5 mg/dL (6.5 & 0.7 mmol/L), respectively. There
has been no participant from poor compliance or noncompliance

The serum lipid profile and serum oxidized LDL concentrations at baseline and changes from baseline to 6,
12, and 16 weeks for LpPRO and PLBO treatment groups are shown in Table 3. There were no statistically
significant differences between LpPRO and PLBO groups in any of the lipid and lipoprotein lipid parameters
measured at baseline. After 6 weeks of treatment, LDL-C, total-C, the LDL-C/HDL-C ratio, and oxidized LDL
were reduced from baseline in both treatment groups, but there were no significant differences in the responses
between LpPRO and PLBO. The LDL-C concentration at baseline and 6, 12, and 16 weeks is shown in Fig. 2.
The TG concentration was reduced from baseline at 6 weeks in the LpPRO (but not PLBO) group, but the PLBO
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Table 3

Serum lipid profile and serum oxidized LDL at baseline and changes from baseline to weeks 6, 12, and 16*
Parameter LpPRO (n=30) PLBO (n=30) P-value®
LDL-C, mg/dL

Baseline 166.6 (21.6) 168.3 (19.6) NS

A Week 6 -11.7 (5.5) -11.5(5.4) NS

A Week 12 —24.4(11.8) -9.8(5.3) <0.001

A Week 16 -20.5 (12.1) -9.5(6.1) <0.001
Total-C, mg/dL

Baseline 247.4 (31.3) 252.6 (4.3) NS

A Week 6 -14.5 (11.0) -13.3 (13.0) NS

A Week 12 -33.7 (18.1) -10.6 (13.1) <0.001

A Week 16 -27.1(17.5) -9.7 (15.2) <0.001
HDL-C, mg/dL

Baseline 44.2 (6.9) 46.3 (10.3) NS

A Week 6 0.5(1.2) 0.4 (1.0 NS

A Week 12 29(2.1) 0.4 (L.7) <0.001

A Week 16 2.8(2.1) 0.3(1.9) <0.001
LDL-C/HDL-C ratio

Baseline 3.9(0.8) 3.8(0.9) NS

A Week 6 -0.3 (0.1) -0.3(0.2) NS

A Week 12 -0.8 (0.3) -0.3(0.2) <0.001

A Week 16 -0.7 (0.3) -0.2 (0.2) <0.001
TG, mg/dL

Baseline 179.8 (70.9) 189.2 (73.6) NS

A Week 6 -12.2 (30.4) -7.0 (47.6) NS

A Week 12 -29.1 (39.5) —4.1 (44.6) <0.05

A Week 16 -33.3 (47.0) -6.5(52.2) <0.05
Oxidized LDL, U/L

Baseline 54.7 (11.0) 56.4 (10.0) NS

A Week 6 -3.3(1.0) -3.7(1.0) NS

A Week 12 7.5 (3.6) -1.0 (2.0) <0.001

A Week 16 -6.4 (3.5) -0.8 (2.5) <0.001

#Values are means (standard deviation). To convert mg/dL to mmol/L (ST unit) for cholesterol, multiply by 0.02586;
to convert mg/dL to mmol/L (SI unit) for TG, multiply by 0.00129. PP-values represent differences between
treatment groups from an unpaired #-test. Abbreviations: HDL-C = high-density lipoprotein cholesterol, LDL = low-
density lipoprotein, LDL-C =low-density lipoprotein cholesterol, LpPRO = Lactobacillus plantarum-containing
product, NS = not statistically significant, PLBO = placebo, TG = triglycerides, total-C = total cholesterol.

and LpPRO responses to treatment were not significantly different. The HDL-C concentration was increased
from baseline at 6 weeks in both treatment groups, but there was no difference in responses between groups at
this time point.

After 12 weeks of treatment, LDL-C decreased in both the LpPRO and PLBO groups, but the reduc-
tion in the LpPRO group was significantly larger (24.4 & 11.8 mg/dL [0.6 £ 0.3 mmol/L] vs. 9.8 £ 5.3 mg/dL
[0.3£0.1 mmol/L], p<0.001 between groups) (Fig. 2). The reduction in LDL-C persisted to the end of
the 4-week follow-up period of no treatment (-20.5 £ 12.1 mg/dL [-0.5 £ 0.3 mmol/L] vs. -9.5 4+ 6.1 mg/dL
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Fig. 2. Mean (standard deviation) LDL-C concentrations (mg/dL) at each timepoint for subjects receiving LpPRO or PLBO capsules.
*p<0.001 between treatments from the unpaired #-test. To convert mg/dL to mmol/L (SI unit) for cholesterol, multiply by 0.02586.
Abbreviations: LpPRO = Lactobacillus plantarum-containing probiotic, PLBO = placebo.

[-0.2 £ 0.2 mmol/L], for LpPRO and PLBO, respectively; p < 0.001 between groups). Total-C, the LDL-C/HDL-
C ratio, and oxidized LDL responded similarly to LDL-C in that concentrations were reduced from baseline at
both weeks 12 and 16 in the LpPRO and PLBO groups, and the reduction from baseline in the LpPRO group
was significantly larger than the PLBO response (p <0.001 for all).

The HDL-C concentration at weeks 12 and 16 was increased from baseline in the LpPRO group, but not the
PLBO group, and the difference in responses between groups was statistically significant at both time points
(»<0.001). The TG concentration was decreased from baseline at both 12 and 16 weeks in the LpPRO group,
but not the PLBO group, and the difference in responses between groups was statistically significant at both time
points (p <0.05 for both).

Body weight and BMI decreased significantly from baseline in both treatment groups throughout the treatment
and follow-up periods, but the changes were not statistically significantly different between groups. In general,
glucose, creatinine, GOT, GPT, and GGT concentrations remained stable and were within physiological limits
at all timepoints and there were no significant differences between treatment groups in changes from baseline.
There were no treatment-related adverse events reported to the investigators.

4. Discussion

The results of this study demonstrate that ingestion of a proprietary combination of three strains of L. plantarum
by 60 men and women with hypercholesterolemia, produced an 8.4% greater LDL-C reduction (the difference
between groups in terms of percentual changes compared to baseline values computed for each subject), compared
to placebo, after 12 weeks of ingestion, and significantly altered the concentrations of total-C (-9.0%), HDL-C
(+5.5%), the LDL-C/HDL-C ratio (—12.8%), TG (-9.0%), and oxidized LDL (-11.3%). The magnitude of the
LDL-C reduction is similar to that shown for recommended dietary interventions such as plant sterols and viscous
fibers [4, 6, 12, 45].

Previous studies of the effects of probiotic products on lipoprotein lipids and other cardiovascular disease risk
factors have produced mixed results, depending on the probiotic organisms and strains evaluated [23, 25-28]. In
a meta-analysis of 13 randomized, controlled trials of the effects of probiotics on lipoprotein lipids in subjects
with normal to mildly elevated cholesterol levels, Guo et al. 2011 [26] reported pooled estimates for control-
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adjusted effects for LDL-C of 4.9 mg/dL (95% confidence interval =9.9 to —2.9 mg/dL), for total-C of -6.4 mg/dL.
(=7.9 to —1.9 mg/dL), for HDL-C of —0.11 mg/dL (1.9 to —1.69 mg/dL), and for TG of —3.95 mg/dL (-10.32 to
—2.42 mg/dL).

The lipid responses to LpPRO were not maximal after 6 weeks, and did not reach statistical significance
compared with PLBO until the 12-week time point. These findings are consistent with the hypothesis that it
requires several weeks of administration for the metabolic effects of probiotics to become evident, presumably
because time is required for the probiotic strains to become established in the intestine. It is also notable that
no material narrowing of the differences between treatment groups was evident at the conclusion of the 4-week
post-treatment follow-up period, suggesting that shifts in gut microbiota were maintained for at least this length
of time after the probiotic was discontinued.

The effects of probiotics to enhance fermentation and thus increase the colonic production of short-chain fatty
acids may help to explain the TG-lowering effect for LpPRO in this study, and the associated HDL-C raising
effect. Changes in TG and HDL-C are often inversely related because a reduction in TG reduces the exchange
of TG on TG-rich lipoprotein particles for cholesteryl ester from HDL (and LDL) particles, catalyzed by the
enzyme cholesteryl ester transfer protein [46, 47]. Circulating short-chain fatty acids activate adipose tissue
G-protein coupled receptors [48, 49], which suppress the release of free fatty acids from adipose tissues into
the circulation [48, 50, 51]. Thus, the availability of substrate for hepatic production of TG is decreased [46].
Lowering the circulating level of free fatty acids may also increase insulin sensitivity, and enhance the ability of
insulin to activate lipoprotein lipase, thus enhancing TG clearance [52].

Although some studies in animals, and a limited number in humans, have shown anti-inflammatory and anti-
oxidant effects of probiotics [53, 54], the reduction of oxidized LDL with LpPRO is a novel finding. Elevated
levels of oxidized LDL have been shown to be associated with increased risk for the development and progression
of atherosclerosis [55]. Oxidized fatty acids and proteins within LDL particles may stimulate unregulated uptake
of LDL particles by macrophages within the arterial wall and by monocytes in circulation, which enhances pro-
inflammatory and oxidative processes [56]. Thus, areduction in oxidized LDL is theoretically favorable. However,
to date, insufficient evidence exists from intervention studies to fully understand the clinical implications of
reducing oxidized LDL [55]. Additional research is needed to better define the mechanistic links and clinical
implications of the reduced level of oxidized LDL observed with LpPRO administration.

Measures of safety (including anthropometric characteristics and biochemical laboratory tests) indicated that
LpPRO was safe and well tolerated by the subjects. There were no adverse events related to the study prod-
ucts. Changes in safety laboratory values did not differ between treatment groups and were all within normal
physiological limits.

This study was not designed to evaluate the mechanisms of the cholesterol-lowering effect of LpPRO, nor
was it designed to determine whether lowering cholesterol levels with ingestion of LpPRO would result in
reduced cardiovascular disease event risk. Results from a clinical trial of the drug ezetimibe, which reduces
cholesterol absorption, showed that the reduction in LDL-C produced by this mechanism lowered cardiovascular
disease event risk [57]. This provides suggestive evidence that reducing cholesterol absorption through the
use of dietary adjuncts that lower cholesterol absorption, e.g., with probiotics, plant sterols and viscous fibers,
might also reduce CVD event risk, although this remains to be directly demonstrated in randomized, controlled
trials.

5. Conclusions

The results of this double-blind, placebo-controlled, parallel arm study indicate that consumption of a probiotic
product comprised of a proprietary mixture of three strains of L. plantarum was safe, well tolerated, and reduced
levels of LDL-C, total-C, oxidized LDL, and TG significantly more than PLBO, while also significantly raising
HDL-C, in men and women with hypercholesterolemia.
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