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ABSTRACT

Background. High gut microflora quality plays a crucial role in cardiovascular protection and undisturbed
liver function. Currently, the most effective methods to ameliorate gut microbiota influence on the host’s
cardiovascular health state are investigated. Next to low low-density lipoprotein (LDL) and low non-high-
-density lipoprotein (non-HDL) serum levels, triglycerides (TG) seem to be a new goal of cardioprotective
treatment and prevention. Moreover, it has been documented that high serum alanine transaminase (ALT)
is a reliable marker of cardiovascular risk. Probiotics are a well proven factor decreasing blood LDL and
total cholesterol (TCH) concentrations. However, the effect of probiotics on serum TG and ALT levels re-
mains underinvestigated. The aim of the study was to compare the effect of 6-week-long supplementation
with a multispecies probiotic mixture in two doses on body mass, liver function and lipid profile in the
rat model.

Material and methods. Thirty ‘Wistar’ rats were randomly divided into the control group — KK, a group
receiving a probiotic in a daily dose of 2.5%x10° CFU (PA) and a group receiving a probiotic in a daily dose
of 1x10' CFU (PB) for 6 weeks. After 6 weeks body mass, liver mass, serum concentrations of TCH, LDL,
high-density lipoprotein (HDL), TG, ALT and aspartate transaminase (AST) were determined.

Results. Neither at baseline nor at the end of the experiment were there any differences in the body mass
of rats between all three groups. At the completion of the study the liver mass of the rats was significantly
lower in the PA and PB vs. KK group. In group PB a significantly lower serum concentration of TG and ALT
compared to the KK group was registered at the end of the trial.

Conclusion. Six-week-long supplementation with multispecies probiotic mixture exerts a favorable and
dose-dependent effect on liver function and lipid profile in the rat model and may also have a favorable influ-
ence on cardiovascular impairments. Thus, the inclusion of probiotics supplementation in cardiovascular risk
management should be considered.
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INTRODUCTION

Due to its great importance, human microbiota, with
a total mass estimated up to 2 kg and a number of cells
even 10 times greater than the number of human body
cells, has been named the “newly discovered organ”
(Bianconi et al., 2013; Collado et al., 2016; Dinc et al.,
2006; Kverka and Tlaskalova-Hogenova, 2017). Gut
microflora has a range of functions: it affects specific
and nonspecific immunity, protects against pathogen
growth, inhibits gastrointestinal inflammation, and
contributes to biotin and vitamin K production (He
et al., 2016; Skrypnik and Suliburska, 2017; Qiu et
al., 2013). Gut bacteria are involved in metabolizing
carbohydrates and lipids by the fermentation of un-
digested carbohydrates, bile acids and sterols, and by
the synthesis of hormones regulating fat storage (He et
al., 2016). It has recently been proven that unfavora-
ble changes in gut microflora significantly elevate the
host’s cardiometabolic risk (Ascher and Reinhardt,
2018). Intestinal microbiota preserves the gut epithe-
lial barrier against increased permeability, which leads
to leaky gut syndrome (LGS). Leaky gut syndrome
contributes to the development of such states as obesi-
ty, diabetes, dyslipidemia and atherosclerosis. What is
more, recent studies show that LGS is a causative fac-
tor of non-alcoholic fatty liver disease (NAFLD), one
of the most frequent liver disorders in obesity. Thus,
high gut microflora quality rises to play a crucial role
in cardiovascular (CV) protection and undisturbed
liver function (Bischoff et al., 2014; Houghton et al.,
2016; Ierardi et al., 2015). The most effective methods
to ameliorate gut microbiota influence on host’s health
state are currently being investigated.

Dyslipidemia is a well-proven factor of CV risk
and high low-density lipoprotein (LDL) serum con-
centration has been determined to exert the strongest
unfavorable cardiometabolic effect, mainly through
the promotion of atherosclerosis. However, recently
it has been documented that a high serum level of
non-high-density lipoproteins (non-HDL) increases
the risk of major cardiovascular events (MACE; i.e.
myocardial infarction, stroke, and vascular mortality)
in a comparable magnitude in patients with a history
of cerebrovascular, coronary artery or polyvascular
disease. This parameter, next to the LDL serum level,
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is postulated to be a secondary target in CV risk man-
agement (Nicholls and Scherer, 2015; van den Berg et
al., 2016). Moreover, there are many cardiovascular
disease (CVD) patients who, despite favorable altera-
tions in their blood lipid profile, still experience CV
events. It has been shown that a high serum concentra-
tion of triglycerides (TG), both fasting and nonfasting,
is responsible to the greatest extent for this residual
CV risk. Each 1 mmol/L increase in TG serum con-
centration is responsible for a 32% and 76% increase
in CV risk in males and females respectively. An el-
evated TG blood level identifies patients with a high
CV risk after LDL blood level normalization by statin
pharmacotherapy. Hence, lowering the TG serum con-
centration is a new goal of CVD prevention strategies
(Nicholls and Scherer, 2015).

Probiotics are live microorganisms exerting a ben-
eficial effect on human health (Skrypnik and Sulibur-
ska, 2017). Probiotics support the gastrointestinal (GI)
microbiota function in multifaceted mechanisms. They
support the intestinal barrier by increasing mucin, de-
fensin and IgA production and by favorably modify-
ing the proinflammatory cytokine and chemokine re-
sponse. As a consequence, they help counteract LGS
and decrease the cardiometabolic risk (Marteau et al.,
2013; Sanchez et al., 2017). A further cardioprotective
effect of probiotics results from their influence on the
blood lipid profile. Probiotics decrease the serum con-
centration of total cholesterol (TCH) and LDL. This
effect was shown even in metabolic syndrome (MS),
which is a proven risk factor of premature CV death,
and was accompanied by a body mass fall and a reduc-
tion in the serum content of tumor necrosis factor-a
(TNF-a)) and interleukin-6 (IL-6; Bernini et al., 2016).
These markers of chronic inflammation have also been
proven to participate in the pathophysiology of CVD
(Li et al., 2017; Tuomisto et al., 2006). However, the
effect of probiotics on high-density lipoproteins (HDL)
and TG has still not been investigated thoroughly. Re-
cently, it has been documented that the serum concen-
tration of alanine transaminase (ALT), even within
normal ranges, is associated with an increased CV risk
(Kong et al., 2008). Taking into consideration the fact
that CVD and liver disorders frequently coexist (Kong
et al., 2008), a need for studies on probiotic effects
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on hepatic function and blood ALT level has clearly
emerged.

The main species used in propiotic products are
Lactobacillus, Bifidobacterium, Enterococcus, Pro-
pionibacterium and yeasts — S. boulardii (Sanchez
et al., 2017). The beneficial properties of probiotics
are strain-dependent and must be proven, avoiding
extrapolation from one strain to the other without re-
liable scientific evidence (Skrypnik and Suliburska,
2017). For this reason the vast majority of trials are di-
rected at the influence of one-species probiotics on the
host state. There is a relative dearth of knowledge on
multispecies probiotic products, especially in terms of
their cardiometabolic influence. Moreover, there is an
evident lack of high-quality studies on probiotic dos-
es exerting the most efficient cardioprotective effect.
The question of whether the content of many strains
in one probiotic product have additive or synergistic
influence remains open.

The aim of the study was to compare the effect on
body mass, liver function and lipid profile in the rat
model of 6-week-long supplementation with a mul-
tispecies probiotic mixture in two doses. To the best
of our knowledge, it is the first study worldwide that
investigates the dose-dependence of probiotic supple-
mentation influence on the aforementioned parameters
in the case of a multi-strain product.

MATERIAL AND METHODS

Animals

Animal procedures were performed according to the
approved protocols and guidelines of Poznan Univer-
sity of Life Sciences. The experiment conformed to
the legal requirements in Poland, the European Com-
munities Council Directive of 24 November 1986,
and the National Institute of Health Guide (National
Institute of Health Publications no. 80-23, Revised
1978) for the care and use of Laboratory Animals for
experimental procedure. All the experimental proce-
dures were approved by the local bioethics committee
for animal studies (approval no. 24/2017). The trial
was performed on male 10-week-old Wistar rats. The
mean body mass of rats at the baseline of the experi-
ment was 263 £22 g. The animals adapted to labora-
tory conditions for 5 days prior to the beginning of
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the experiment. During the adaptation period, the rats
had free access to a standard diet AIN-93M (Altromin,
Germany) and deionized water. The animals were
housed in stainless steel cages coated with metal-free
enamel throughout the adaptation period and the ex-
periment. The rats were kept in controlled conditions
— the temperature in the animal room was 21°C, the
light/dark cycles 12 h each and humidity 55-65%
throughout the adaptation period and the experiment.

Experimental design

Thirty animals were randomized using a random num-
ber generator to three groups, 10 rats each: control
group-KK, a group with a low dose of probiotic (PA)
and a group with a high dose of probiotic (PB). All
rats were fed a standard maintenance diet AIN-93M
(Altromin, Germany) for 6 weeks. In the diet of the PA
and PB groups, a multispecies probiotic was added in
a daily dose of 2.5x10° CFU and 1x10" CFU respec-
tively. The animals were allowed to eat diet and drink
deionized water ad libitum throughout the experiment.
The intake of diet and water was monitored daily and
the rats’ body mass was monitored weekly. At baseline
and throughout the study there were no differences in
the animals’ body mass, diet intake and water intake
between all three groups.

Probiotic

The multispecies probiotic mixture Ecologic Barrier
(Winclove Probiotics, Amsterdam, The Netherlands)
in the form of a freeze-dried powder contains 8 pro-
biotic bacterial strains (Bifidobacterium bifidum W23,
B. lactis W52, Lactobacillus acidophilus W37, L. bre-
vis W63, L. casei W56, L. salivarius W24, Lactococ-
cus lactis W19, Lc. lactis W58) in equal parts in a dose
of 2.5x10° CFU/g. The carrier matrix of the probiotic
product is maize starch and maltodextrins (Sabico
et al., 2017). This probiotic product was disseminated
in the diet to receive a homogeneous mixture.

Blood collection, liver collection
and biochemical measurements
At the end of the experiment, the rats were weighed
and then euthanized using carbon dioxide inhalation.
Blood samples were collected after 12 h fast by cardi-
ac puncture in serum-separated tubes to obtain serum.
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The coagulated blood was left to clot at room tempera-
ture for 30 min, and then centrifuged for 15 min at
2000 rpm at 4°C. After centrifugation the supernatant
fluid was separated and stored frozen (—80°C) for anal-
ysis. During the section the internal organs, liver in
this range, were removed, washed in saline, weighed
and stored at —20°C. The serum concentrations of ALT
and aspartate transaminase (AST) were measured by
enzyme-linked immunosorbent assay (ELISA). The
serum concentrations of TCH, HDL and TG were
measured by standard commercial enzyme-linked im-
munosorbent assay (ELISA) in a commercial labola-
tory. LDL was calculated with the Friedewald equa-
tion: {Cholesterol LDL (mmol/L) = TCH (mmol/L)
— HDL (mmol/L) — TG (mmol/L) / 5} (Friedewald et
al., 1972).

Statistical analysis

Statistical analysis was performed with Statistica for
Windows 10.0 (StatSoft, Krakéw, Poland). The data
are expressed as arithmetic means +standard devia-
tion. The Shapiro-Wilk test was used to check the
variables’ normal distribution. Comparison between
groups was carried out using one-way ANOVA analy-
sis of variance with a Tukey’s post hoc test. A P-value
of less than 0.05 being regarded as significant.

RESULTS

Neither at baseline nor at the end of the experiment
were there any differences in the body mass of rats
from all three groups. The body mass of the animals at
baseline and at the end of the experiment is presented
in Table 1. At the completion of the study the liver
mass of the rats was significantly lower in the PA and
PB vs. KK group. The liver mass of the animals at the
completion of the experiment is presented in Table 2.

In group PB a significantly lower serum concen-
tration of ALT compared to the KK group was regis-
tered at the end of the trial. The serum concentrations
of ALT and AST at the completion of the study are
presented in Table 3.

In group PB a significantly lower serum concen-
tration of TG compared to the KK group was regis-
tered at the end of the trial. The serum concentrations
of TCH, HDL, LDL and TG at the completion of the
experiment are presented in Table 4.
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Table 1. Body mass of the animals at baseline and at the end
of the experiment

Body mass, g
Group " mean £SD mean +SD
baseline completion
KK 10 269.63 £18.67 383.50 £22.02
PA 10 260.30 £25.63 366.20 £23.47
PB 10 261.30 £23.28 374.20 £31.13

SD — standard deviation.

Table 2. Liver mass of the animals at the end of the
experiment

Liver mass Liver mass
0,
Group g % of total body mass
mean £SD  median mean+SD  median
KK 10 12.14£1.27° 1224  3.17+0.37° 3.23
PA 10 10.46+£1.26* 10.26  2.85+0.19° 2.83
PB 10 1036+1.56* 9.71 2.76+0.19* 2.69

SD — standard deviation.
«bSignificantly different (p < 0.05).

Table 3. ALT and AST serum concentrations at the end of
the experiment

ALT, U/L AST, U/L
Group
mean +SD median mean +SD median
KK 30.3 £4.46° 28.80  102.8 +£30.43 95.85
PA 25.943.41%  25.55 109.6 £19.41 108.60
PB 22.9 £4.952 21.80 104.0 £32.26  101.70

ALT — alanine transaminase, AST — aspartate transaminase, SD
— standard deviation.
*bSignificantly different (p < 0.05).
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Table 4. TCH, HDL, LDL and TG serum concentrations at
the end of the experiment

Group Mean +SD Median
TCH, mg/dl KK 68.6 £11.37 67.20
PA 65.7 £8.00 68.65
PB 62.4+10.36 59.70
HDL, mg/dl KK 57.6 £9.57 57.85
PA 57.4£5.6 57.95
PB 54.7 £7.33 52.70
LDL, mg/dl KK 6.8 +1.68 6.65
PA 6.8 £1.29 6.95
PB 7.1 £1.51 6.85
TG, mg/dl KK 143.0 £33.67° 142.00
PA 117.7 £34.6® 113.60
PB 107.2 +45.69° 97.90

HDL — high-density lipoprotein, LDL — low-density lipopro-
tein, TCH — total cholesterol, TG — triglycerides, SD — standard
deviation.

*bSignificantly different (p < 0.05).

DISCUSSION

The main finding of our study is lower liver mass in
both animal groups with 6-week supplementation of
a multispecies probiotic compared to the group with-
out probiotics and a lower ALT and TG serum con-
centration in the group with a probiotic dose of 1x10'
CFU compared to the control group. This difference
was not registered in the group receiving a probiotic in
a dose of 2.5x10° CFU.

An elevated liver mass in patients not consuming
alcohol results mainly from increased liver lipids ac-
cumulation and oxidative stress (Kargulewicz et al.,
2010). This state, named non-alcoholic fatty liver dis-
ease, is independently associated with type 2 diabe-
tes mellitus (DM2), obesity and metabolic syndrome,
which are well proven CV risk factors. NAFLD has
been determined to be a hepatic manifestation of MS
(Shephard and Johnson, 2015). Serum ALT concentra-
tion is a marker of liver function increased in NAFLD.
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It correlates with such states as dyslipidemia, arterial
hypertension, coronary atherosclerosis and insulin re-
sistance. Moreover, it has been proven that ALT serum
activity plays the role of prognostic factor for DM2,
being independent from body mass index (BMI), age,
systolic blood pressure (SBP), serum TG, HDL, glu-
cose and even alcohol consumption. Thus, there is no
doubt that blood ALT level is proven to be a signifi-
cant cardiometabolic risk factor (Hen et al., 2009). In
our study we observed a significantly lower ALT se-
rum concentration in the group receiving a higher dose
of probiotic compared to the control group. The results
of our study are in line with recent meta-analysis of
7 human double-blinded RCTs and comparative stud-
ies performed by Lavekar et al. (2017), who reported
a significant reduction in blood ALT activity after pro-
biotic supplementation in the period ranging from 2
to 7 months. Moreover, the meta-analysis of Lavekar
et al. (2017) has confirmed the decrease in BMI and
blood AST concentration after a probiotic is supplied.
Supplementation with Lactobacillus bulgaricus and
Streptococcus thermophilus have been shown to re-
duce not only ALT and AST, but also the gamma-glu-
tamyltransferase (GGT) serum level in patients with
NAFLD (Aller et al., 2011). Shavakhi et al. (2013)
has documented amelioration of ultrasound grading of
non-alcoholic steatohepatitis (NASH) after 6-month-
-long supplementation of a probiotic combined with
metformin.

The mechanism by which probiotics ameliorate
liver function remains unclear. In a study on alcoholic
liver cirrhosis patients it was shown that probiotics
significantly improve the blood cytokine concentra-
tion of tumor necrosis factor a (TNF-a), interleukin
6 (IL-6) and interleukin 10 (IL-10) (Loguercio et al.,
2005). Moreover, probiotic bacteria lead to inhibition
of the nuclear factor kappa-light-chain-enhancer of
activated B cells (NF-kB) activation (Eslamparast et
al., 2014). What is more, probiotics reduce liver total
fatty acids, Jun N-terminal kinase activity, fatty acid
B-oxidation and mitochondrial uncoupling protein-2
expression. Thus, it seems that the hepatoprotective
activity of probiotics arises mainly from their ability
to modify favorably an inflammatory state and to re-
duce insulin resistance (Li et al., 2003). To sum up this
area of our study, it can be stated that multispecies pro-
biotic supplementation beneficially modulate the CV
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risk by ameliorating liver function and decreasing the
serum ALT concentration.

In their meta-analysis published of 12 RCTs in 2016
Sharma et al. (2016) state that probiotic interventions
show no significant effect on TG blood levels. Similar-
ly, a meta-analysis of Lavekar et al. (2017) published
as recently as in 2017 failed to prove the influence of
probiotic supplementation in the range of TG metabo-
lism. However, Lavekar et al. place emphasis on the
high heterogeneity of analyzed trials in this field. In
our trial we registered a significantly lower serum TG
concentration in the study group consuming a higher
dose of probiotic mixture compared to the control
group. In a study on NASH patients, Shavakhi et al.
(2013) observed a decrease in TG serum concentra-
tion after 6-month-long probiotic supplementation. In
their study probiotics were given concomitantly with
metformin; however, after 6 months the TG serum
level was lower in the group receiving probiotics with
metformin compared to the group receiving a placebo
with metformin (Shavakhi et al., 2013). In a study on
24 patients with NASH Wong et al. observed a signifi-
cant TG hepatic content decrease as a result of probi-
otic supplementation (Wong et al., 2013). It is possible
to hypothesize that the favorable effect of probiot-
ics on TG metabolism results from the amelioration
of liver function. Firstly, probiotics prevent bacterial
overgrowth, especially small intestinal bacterial over-
growth (SIBO), which leads to increased intestinal
wall permeability and high absorption of endotoxins
and lipopolysaccharide (LPS) disturbing normal liver
processes (Shavakhi et al., 2013). Secondly, probiot-
ics modulate inflammation beneficially by influencing
TNF-a, IL-6, and IL-10 serum concentration, which
exerts a hepatoprotective effect (Loguercio et al.,
2005). Considering the fact that serum TG concentra-
tion is an important factor of CV risk, it can be stated
that by registering a lower value of this parameter in
the study group receiving a higher dose of multistrain
probiotic supplementation compared to the control
group, our trial managed to show the cardioprotective
effect of this therapeutic intervention.

It can be concluded that six-week-long supple-
mentation with a multispecies probiotic mixture ex-
erts a favorable and dose-dependent effect on liver
function and lipid profile in the rat model. Taking into
consideration the great contribution of ALT and TG
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blood levels in CV risk, it can be stated that multispe-
cies probiotic supplementation may have a favorable
influence on cardiovascular impairments.

Study limitations

The greatest limitation of this study was the relatively
short time of intervention. However, the study man-
aged to show significant results in a period as short as
6 weeks. Moreover, healthy rats without dyslipidemia
and without liver diseases were used.

Study strong points

The greatest strong point of the study is the implemen-
tation of a multistrain probiotic product and compara-
tive mode of the trail in the range of the product dose.
Moreover, our trial is the first one conducted globally
that shows the independent influence of probiotics on
TG serum concentration and liver mass.
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