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Abstract

Objective: The effect of the daily consumption of a low-fat yogurt (150 g) enriched with Platelet-Activating Factor receptor (PAF-R)
antagonists, or the plain one, on gut microbiota and faecal metabolites was investigated in healthy overweight subjects. Methods: A
randomized, three-arm, double-blind, placebo-controlled, parallel-group study was performed that lasted 8 weeks. Blood and stools were
collected and analyzed before and after the intervention. Results: Our findings revealed that the intake of the enriched yogurt resulted in
a significant increase in the levels of Bifidobacterium spp., Clostridium perfringens group and Firmicutes-to-Bacteroidetes (F/B) ratio.
On the other hand, a significant increase in the levels of Lactobacillus and C. perfringens group was detected after the intake of the
plain yogurt. The increase in the levels of C. perfringens group was inversely associated with the plasma catabolic enzyme of PAF,
namely LpPLA> (lipoprotein-associated phospholipase A2), a cardiovascular risk marker that has been linked with inflammation and
atherosclerosis. Moreover, in the enriched with PAF-R antagonists yogurt group, the increased levels of C. perfringens group were also
associated with lower PAF action assessed as ex vivo human platelet-rich plasma (PRP) aggregation. Additionally, a higher % increase in
molar ratio of Branched Short Chain Fatty Acids (BSCFAs) was detected for both yogurt groups after the 8 week-intervention compared
to control. The consumption of the enriched yogurt also resulted in a significant drop in faecal caproic levels and a trend for lower ratio of
butyrate to total volatile fatty acids (VFAs) compared to baseline levels. Conclusion: Yogurt consumption seems to favorably affect gut
microbiota while its enrichment with PAF-R antagonists from olive oil by-products, may provide further benefits in healthy overweight
subjects. Clinical Trial Registration: ClinicalTrials.gov (NCT02259205).

Keywords: yogurt; PAF; olive oil by-products; platelet-rich plasma aggregation; C. perfringens group; Bifidobacterium spp.; lipoprotein-
associated phospholipase A2; Lactobacillus; caproic levels; branched-chain short chain fatty acids

1. Introduction risk of type 2 diabetes (T2D), whilst no significant associ-
ation seems to exist between yogurt consumption and the
risk of stroke, hypertension, coronary artery disease (CAD)
and cardiovascular diseases (CVDs). Meanwhile, yogurt
consumption and risk of all-cause and CVD mortality has
been inversely associated [9—11]. The results from a re-
cent meta-analysis suggest that dairy intake might improve
inflammatory biomarkers but without taking into account
the yogurt intake per se as the real cause of the observed

changes [12].

During the last decades, a significant number of stud-
ies have explored the role of gut microbiota in several
pathophysiological conditions including obesity, cancer,
inflammatory bowel diseases, metabolic syndrome and
neurological diseases [1,2]. Diet components as well as di-
etary habits have been implicated in the modulation of the
gut microbiota composition and functionality [3,4]. Fer-
mented foods and especially dairy fermented products con-
taining high populations of live microorganisms have been

tested for their efficacy in the modulation of the gut micro-
biota composition [5,6].

Yogurt, a well-known fermented dairy product, is in-
cluded in almost all the heart-healthy dietary patterns, while
it should be noted that the benefits of low-fat and fat-free
compared to the full-fat dairy products are still under dis-
cussion [7,8]. Reviews and meta-analyses have concluded
that yogurt consumption has an inverse association with the

Yogurt is a fermented food containing 107 colony-
forming unit (CFU)/g viable cells from Lactobacillus del-
brueckii subsp. bulgaricus and Streptococcus thermophilus
bacteria [13]. The frequent yogurt consumption impacts
significantly the composition of the gut microbiota result-
ing in increased bifidobacterial and lactobacilli populations
[14,15]. Yogurt can also be used as a food matrix for other
functional ingredients such as other bacterial cultures, fla-
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voring ingredients, nutritive carbohydrate sweeteners, vita-
mins etc. [16], while any unwelcome organoleptic proper-
ties of the active ingredients can be concealed when it is
flavored [17].

We have previously demonstrated that the daily con-
sumption for 8 weeks of a yogurt, fortified with an olive oil
pomace extract (OOPLE), attenuated ex vivo platelet-rich
plasma (PRP) aggregation induced by PAF, decreased IL-
6 and IL-10 levels, and also favorably modulated Platelet-
activating factor (PAF) metabolic enzymes, in healthy
mainly overweight adults [18,19]. It has been demonstrated
that the OOPLE enrichment contains PAF receptor (PAF-
R) inhibitors [20] and has the capacity to prevent the de-
velopment of atherosclerotic plaques in rabbits fed a high
cholesterol diet and also to regress the formed plaques in
the same animal model [21]. PAF, chemically identified as
1-O-alkyl-2-acetyl-sn-glycerol-3-phosphocholine [22] is a
potent endogenous lipid mediator that induces platelet ac-
tivation, aggregation and secretion as well as mobilization
of intracellular calcium, while its intravenous administra-
tion in experimental animals leads to anaphylactic shock
and even in death in higher concentrations [23]. PAF is
implicated in a variety of pathological conditions where in-
flammation, thrombosis and immune activation has a rec-
ognized role [24-27]. More specifically, PAF binding to its
receptor (PAF-R), a G-protein-coupled receptor expressed
in many cell types, triggers signaling pathways that result
in the activation of a variety of kinases, in the production
of nitric oxide and in the production of arachidonic acid
metabolites through the activation of cytoplasmic phospho-
lipase Ay [28]. Additionally, the role of PAF in inflam-
matory bowel diseases has been described [29-32]. PAF
concentration in plasma, cells and tissues is mainly con-
trolled via its biosynthetic and catabolic pathways. Two
distinct pathways are responsible for PAF biosynthesis, the
de novo and the remodeling pathway. The de novo pathway
utilizes alkylacetylglycerols as substrates and with the ac-
tion of 1-alkyl-2-acetyl-sn-glycerol choline phosphotrans-
ferase (PAF-CPT) is producing the elementary PAF lev-
els [33], while the remodeling pathway uses Lyso-PAF as
substrate that is subsequently acetylated by the action of
the acetyl-CoA:lyso—platelet-activating factor acetyltrans-
ferase (Lyso-PAF AT), is mainly activated under inflamma-
tory conditions [34]. PAF biological action is contributed to
the presence of the acetyl group in the sn-2 position of the
glycerol backbone and thus is inactivated when this group
is hydrolyzed by intracellular PAF-specific acetylhydrolase
(PAF-AH) and its plasma isoform lipoprotein-associated
phospholipase Ay (LpPLAs) [35].

The role of PAF in the development of inflammatory
bowel diseases has been well-established in necrotizing en-
terocolitis (NEC) where it has been reported that PAF-AH
reduces the incidence of NEC [36]. In addition, PAF-R
is constitutively expressed in human intestinal epithelium
[37]. This data has led the authors to suggest that PAF is

produced by the human intestinal epithelium and exerts au-
tocrine and/or paracrine action [37]. Additionally, PAF up-
regulates both Toll-Like Receptors 4 (TLR4) mRNA and
protein expression in intestinal epithelial cell lines and the
PAF-PAF-R complex interacts with and subsequently ac-
tivates TLR4 [38,39]. These receptors recognize specific
repetitive patterns associated with bacterial products such
as lipopolysaccharide (LPS) and mediate cellular responses
that lead also to inflammation [40]. It has also been re-
ported that PAF-R also acts as a recognition receptor for
the phosphorylcholine group of Gram-positive lipoteichoic
acid (LTA) as well as for the Gram-negative LPS [41,42].

According to the above, the aim of the present study
was to investigate the impact of the daily consumption of a
low-fat yogurt fortified with PAF-R antagonists, or the plain
one, on gut microbiota and faecal metabolites. Addition-
ally, potential associations between inflammatory indices,
hemostatic markers and PAF metabolic enzymes with gut
microbiota characteristics and faecal metabolites in humans
were investigated. For this purpose, a randomized, three-
arm, double-blind, placebo-controlled, parallel-group trial
was performed in apparently healthy mainly overweight
adults.

2. Materials and Methods
2.1 Study Design

The study protocol, the intervention as well as the in-
clusion and the exclusion criteria have been presented else-
where [18,19,43]. Briefly, the trial included 92 apparently
healthy participants aged 35-65 years old that were ran-
domly assigned into the three arms, 31 in Group A, 30 in
Group B and 31 in Group C. Group A was advised to con-
sume at most one yogurt every 14 days, Group B consumed
one serving of plain yogurt every day (150 g) and Group C
consumed one serving of yogurt enriched with OOPLE on a
daily base (150 g). Both yogurts had the same composition
apart from the OOPLE enrichment. The intervention lasted
8 weeks and 4 participants did not complete the 8-week in-
tervention. In addition, stool samples were provided before
and after the intervention from 51 adults (58% participa-
tion rate), specifically from 11 participants in Group A, 17
in Group B and 23 in Group C. The study took place at the
Department of Nutrition and Dietetics of Harokopio Uni-
versity in Athens, Greece, followed the ethical guidelines
of the Declaration of Helsinki (1989) of the World Medi-
cal Association, was approved by the Bioethics Commit-
tee of Harokopio University (40/30-10-2013) and was reg-
istered in ClinicalTrials.gov (NCT02259205). The CON-
SORT guidelines for parallel group randomized trials have
been adopted [44].

2.2 Production of the Enriched Yogurt

The extraction method for OOPLE as well as the
method for the production of the low-fat enriched yogurt
have been previously described [19]. The Greek dairy in-
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dustry (MEVGAL SA) manufactured both yogurts flavored
with strawberry (16% w/w) in a pilot scale line during the
whole duration of the trial and physiochemically tested their
concentration in macronutrients and microbial parameters.
Lactic acid bacteria were measured at 5.1 x 105 CFU/g
product. Both yogurts had identical caloric content (85
keal per serving) and final composition, containing 1.0%
fat (saturated fat 0.6%), 14% carbohydrate (sugars 13%),
5% proteins and 0.1% sodium. In addition, approximately
0.5% w/w OOPLE extract was added to the low-fat en-
riched yogurt. The OOPLE extract after the addition of
maltodextrin (30% w/w), contained 56.9% carbohydrates,
2.35% proteins, 7.66% polar lipids, 9.57% dietary fibers
and less than 0.01% phenolic compounds expressed as gal-
lic acid. The fatty acid (FA) analysis of the OOPLE ex-
tract showed that the predominant FAs were the monounsat-
urated ones (71.8%), specifically oleic acid (C18:1n9 cis,
71.2%), followed by the saturated FAs (16.5%) with the
palmitic acid (C16:0, 12.5%) as the main representative one
and the polyunsaturated FAs (11.7%) with the linoleic acid
(C18:2n6 cis, 10.5%) having the highest concentration.

2.3 Hematological and Biochemical Measurements

The methodology for all the measurements has been
previously presented [18]. Briefly, a Mindray BC-3000
hematology analyzer (Mindray, Shenzhen, China) was used
for the blood count in whole blood with ethylenediaminete-
traacetic acid (EDTA obtained from Sigma-Aldrich, St.
Louis, MO, USA) as anticoagulant. Serum glucose, tri-
acylglycerols, total cholesterol, and high-density lipopro-
tein cholesterol (HDL-C) were assessed enzymatically
with an ACE biochemical analyzer (Schiapparelli Biosys-
tems, Fairfield, NJ, USA). An immunoenzymometric as-
say was used for the estimation of serum insulin (Invit-
rogen, Thermo Fisher Scientific, Vienna, Austria). The
calculation of low-density lipoprotein (LDL) cholesterol
was performed by the Friedewald formula. C-reactive pro-
tein (CRP), IL-6, adiponectin and IL-10 were evaluated
in serum by commercially available ELISA kits (CRP and
adiponectin from Invitrogen, Thermo Fisher Scientific, Vi-
enna, Austria; IL-6 from Tecan Trading AG, Ménnedorf,
Switzerland; and IL-10 from BioLegend, San Diego, CA,
USA). A Chromogenic Activity Kit (Assaypro LLC, St.
Charles, MO, USA) was used to determine the activity of
Plasminogen Activator Inhibitor-1 (PAI-1) and tissue Plas-
minogen Activator (tPA) in citrate plasma.

2.4 Ex Vivo Human Platelet-Rich Plasma Aggregation

The procedure used has been already reported [18].
Briefly, trisodium citrate (Sigma-Aldrich, St. Louis, MO,
USA) was used as anticoagulant during blood collection
and subsequently platelet-rich plasma (PRP) was obtained
by centrifugation followed by further centrifugation of the
residue to obtain platelet-poor plasma (PPP). Various con-
centrations of PAF were tested for their ability to induce
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human PRP aggregation presenting different heights of re-
versible and irreversible curves by light transmission ag-
gregometry in a Chrono-Log (Havertown, PA, USA) ag-
gregometer (model 440VS). The height of the aggregation
curve of minimum-irreversible platelet aggregation of hu-
man PRP was defined as the 100% aggregation. The con-
centration of PAF that induces platelet aggregation equal to
50% (ECsq or half maximal effective concentration) was
calculated from the aggregation curve. The PAF-induced
platelet aggregation is an internationally accepted technique
to evaluate the ex vivo and in vitro action of PAF.

2.5 Measurement of PAF Metabolic Enzymes

The procedure used as well as the methods of PAF
metabolic enzymes determination, have been already re-
ported [19]. Briefly, the activities of the PAF metabolic
enzymes namely, two isoforms of Lyso-PAF acetyltrans-
ferase (Lyso-PAF AT), the activity of PAF choline phos-
photransferase (PAF-CPT) and the activity of PAF intracel-
lular catabolic enzyme, namely PAF-acetylhydrolase (PAF-
AH), were determined in isolated leucocyte homogenates.
The two isoforms of Lyso-PAF AT were the one that is
activated under inflammatory conditions in the presence
of calcium (Lyso-PAF ATC), while the other one is cal-
cium independent and the assay was performed in the pres-
ence of ethylenediaminetetraacetic acid (EDTA) (Lyso-PAF
ATE). Lastly, the activity of the plasma isoform of PAF-
AH, lipoprotein-associated phospholipase As (LpPLA>)
was measured in serum.

2.6 Gut Microbiota Analysis

Stool collection procedure and gut microbiota analy-
sis using both plate count techniques and real-time quan-
titative polymerase chain reaction (qQPCR) were performed
as previously described [4]. Baseline culturable gut micro-
biota members were expressed as a log;o colony-forming
units (CFUs)/g wet faeces, whereas detection frequencies
were further estimated. For molecular analysis, genomic
DNA was extracted from faecal samples at baseline and
after intervention [45] using QIAamp® DNA Mini Kit
(ref. 51306, QIAGEN GmbH, Hilden, Germany). Quan-
tification of selected members of gut microbiota (Firmi-
cutes, Bacteroidetes, Bifidobacterium spp., Lactobacillus
group, Clostridium perfringens group) was performed by
quantitative real-time PCR based on SYBR Green I de-
tection chemistry using group- and genus-specific primers
(Supplementary Table 1). PCR amplification and detec-
tion were performed in a LightCycler® 2.0 Real-Time PCR
System (Product No. 03531414001, Roche Diagnostics
GmbH, Mannheim, Germany), whereas bacterial quantifi-
cation was based on the LightCycler® software version 4.1
(Roche Diagnostics GmbH, Mannheim, Germany) using
standard curves from reference bacterial strains. Melting
curves analysis was performed in each run for the validation
of assay specificity. Data were expressed as logy( copies of
16S rRNA gene/g wet faeces [4].
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Table 1. Baseline characteristics and hematologic markers of the participants according to their allocation to study groups.

Group A
(Control group, n=11)

Men/Women 5/6
Age (years) 49.7 £ 8.6
Smoking (Yes/No) 6/5
BMI (kg/m?) 258 £4.1
Systolic blood pressure (mmHg) 119.4 + 13.1
Diastolic blood pressure (mmHg) 76.6 +9.6
Glucose (mg/dL) 879 + 11.6
Triacylglycerols (mg/dL) 106.9 + 59.3
Total-cholesterol (mg/dL) 200.8 + 26.6
HDL-cholesterol (mg/dL) 534+ 14.6
LDL- cholesterol (mg/dL) 126.1 £ 20.5
Insulin (pU/mL) 9.7+39
WBC (103/uL) 69+138
LYMPH (103/uL) 1.9+04
MID (103/uL) 0.5+0.2
GRAN (103/uL) 4.6 + 1.4
RBC (108/uL) 47405
Het (%) 39.8 + 4.8
Hgb (g/dL) 133+1.7
MCV (fL) 8254938
RDW-CV (%) 140+ 1.1
RDW-SD (fL) 404 +3.0
Platelets (103/uL) 265 + 76
MPV (fL) 7.9+ 0.9
PDW (fL) 158+ 1.0
PCT (%) 0.2 +0.04
PLT/LYMPH 144 £+ 30

Group B Group C
(Plain yogurt,n=17)  (Enriched yogurt, n =23)

9/8 10/13 0.82
49.6 £10.3 474 £9.1 0.70
7/10 7/16 0.53
29.1+42 27.0+ 3.6 0.08
131.8 £ 19.0 121.0 £ 132 0.06
77.8 £10.2 742 £ 8.5 0.48
94.7 £10.2 95.3 +£28.8 0.61
131.3 £56.0 115.9 £ 50.7 0.48
2144 + 332 2142+ 425 0.56
53.8 £ 144 54.1+£133 0.99
1343 +£26.8 136.9 £ 36.8 0.63
120+ 6.7 9.5+5.0 0.33
6.0+ 1.6 57+14 0.10
1.9+04 1.9+ 0.6 0.96
04 +0.1 0.4 +0.1 0.35
37+£13 3.4 4 1.0° 0.03
47+04 46+0.5 0.78
413 £5.0 41.0 £5.7 0.74
144+ 1.7 14.14+2.0 0.35
842+ 6.7 849+74 0.68
13.5+£0.9 135+1.2 0.32
39.6 +3.0 39.8+£3.5 0.82
253 + 82 243 + 52 0.68
7.8 £0.8 8.1+0.8 0.32
155+£0.9 154 £ 1.1 0.68
0.2 £0.05 0.2 £0.04 0.76
134 £+ 36 137 £ 45 0.82

Data are presented as means =+ standard deviations for normally distributed variables. Categorical variables are presented as

absolute values. Comparison of means was performed by one-way analysis of variance (ANOVA) for normally distributed

variables. Associations between categorical variables were evaluated using the chi-square test. ®*Different letters indicate

significant difference p < 0.05 based on ¢-test. Bold numbers indicate significant difference p < 0.05.

BMI, Body Mass Index; Hct, Hematocrit; HDL, High density lipoprotein; Hgb, Hemoglobin; GRAN, Granulocytes; LDL,
Low density lipoprotein; LYMPH, Lymphocytes; MCV, Mean Corpuscular Volume; MID, Mid-range cells; MPV, Mean
Platelet Volume; PCT, Plateletcrit; PDW, Platelet distribution Width; PLT, Platelets; RBC, Red Blood Cells; RDW-CV, Red
Distribution Width-Coefficient Variation; RDW-SD, Red Distribution Width-Standard Deviation; WBC, White Blood Cells.

2.7 Measurement of Faecal SCFAs — Stool pH and
Moisture Determination

Frozen faecal samples were 1:3 diluted with 0.9%
saline and faecal SCFAs concentrations were then assessed
with the use of capillary gas chromatography as previously
described in detail [46]. Total volatile fatty acids (VFAs)
and individual SCFAs concentrations were expressed as
pumol/g of sample and molar ratios (% of VFAs) of ac-
etate, propionate, butyrate, branched-chain SCFAs (BSC-
FAs; iso-butyrate, iso-valerate, iso-caproic acid) and other
SCFAs (valerate, caproic acid and heptanoic acid) were fur-
ther calculated [46]. Moisture and pH of fresh samples were
also determined as previously described [47].

2.8 Statistical Analysis

The Kolmogorov—Smirnov criterion was used to test
normal distribution of data. Normally distributed contin-
uous variables were displayed as means + SD, whereas
continuous skewed variables as medians (25th—75th quar-
tiles). Categorical variables were displayed as absolute val-
ues or relative frequencies (%) and associations between
categorical variables were evaluated using the chi-square
test. Comparisons of the baseline characteristics of our
population as well as comparisons of the % changes of
tested parameters were based on one-way analysis of vari-
ance (ANOVA) analysis for normally distributed variables,
whereas the Kruskal-Wallis test was applied for skewed
variables. The independent samples ¢ test and the Mann-
Whitney U test for normally distributed variables and for
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Table 2. The inflammation indices, the hemostatic markers and platelet aggregation against PAF expressed as ECs value, at

baseline.
Group A Group B Group C
(Control group,n=11)  (Plain yogurt,n=17)  (Enriched yogurt, n = 23)
CRP (mg/L) 26+29 224+1.6 1.6 £1.1 0.24
Adiponectin (ng/mL) 54+£35 4.6 £2.7 56+3.8 0.62
IL-6 (pg/mL) 0.6 + 0.4« 1.2 £0.6° 1.0+ 0.6 0.02
IL-10 (pg/mL) 27+09 234+0.6 2.6 +0.8 0.28
PAI-1 (mAU/mL) 103.1 £ 75.6 120.8 + 67.8 100.7 £ 37.8 0.54
tPA (mIU/mL) 0.063 (0.051, 0.092) 0.067 (0.043, 0.085) 0.072 (0.059, 0.092) 0.48
ECs0 PAF (nM) 33.5(23.4,156.5) 42.7 (24.8,161.0) 33.3(26.4, 68.2) 0.71

Data are presented as means + standard deviations for normally distributed variables and as medians (25th,

75th percentiles) for skewed variables. Comparison of means was performed by one-way analysis of variance

(ANOVA) for normally distributed variables. Comparison was performed by Kruskal-Wallis for skewed variables.

a.bDifferent letters indicate significant difference p < 0.05 based on ¢-test for normally distributed variables and

on the Mann-Whitney U test for skewed variables. Bold numbers indicate significant difference p < 0.05.

CRP, C-reactive protein; ECs9 PAF, Half maximal effective concentration of Platelet-activating factor; PAI-1,

Plasminogen activator inhibitor-1; tPA, Tissue plasminogen activator; IL-6, Interleukin-6.

skewed variables, respectively, were also performed to es-
timate the difference between the intervention groups, i.e.,
“Group C versus Group B”, “Group C versus Group A” and
“Group B versus Group A”. The paired ¢-test for normally
distributed variables and the Wilcoxon test for paired sam-
ples for skewed variables were also performed for testing
the time effect within each group in comparison to baseline
values.

The % change was calculated by the following for-
mula: Final value-Baseline value / Baseline value x 100.
Linear regression models were applied to the data in or-
der to uncover the relationship of tested parameters (e.g.,
PAF action and its metabolic enzymes activity, inflamma-
tory and hemostatic parameters) with gut microbiota and
faecal SCFAs, the latest were considered as the independent
variables. Adjustments were made for sex, age and Body
Mass Index (BMI). Results from linear regression models
are presented as [-coefficients + standard error with p-
values. Scatterplots with linear predictions were also cre-
ated to visually inspect these associations. All reported p-
values were two-sided (significance level 5%). STATA ver-
sion 15 statistical software was used for the statistical anal-
ysis (STATA Corp., College Station, TX, USA).

3. Results

3.1 Anthropometric Characteristics and Classical
Biomarkers of the Participants

The baseline characteristics as well as the hematologic
markers of all the participants that provided stool samples
according to their intervention groups are shown in Table 1.
Biochemical markers and blood count parameters did not
differ among groups at baseline with the exception of gran-
ulocytes that were higher in the control group (Group A)
than in the enriched yogurt group (Group C) (p = 0.02). It
should note that participants in Group B had higher BMI,
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systolic blood pressure, and triacylglycerols, even though
no statistically significant difference was detected. During
the 8 weeks of intervention, the participants retained their
dietary macronutrient intake and physical activity as well
(data not shown). Furthermore, the majority of the clas-
sical biochemical markers and blood count parameters did
not present any significant change. A slight decrease was
recorded in red blood cells (p = 0.04) and in their distribu-
tion width (RDW-SD, p = 0.02) in Group A as well as in
the mean corpuscular volume (MCV, p = 0.03) in Group
B compared to baseline levels, all of them remaining into
the normal range after the intervention. The intake of the
plain yogurt (Group B) also led to a significant decrease
of systolic (SBP) and diastolic blood pressure (DBP) by
approximately 5-6 mmHg (p = 0.004, p = 0.045, respec-
tively) at 8 weeks, resulting in blood pressure values closer
to the baseline ones of the other groups. Comparison of
the % changes of evaluated parameters revealed that the
participants in Group A resulted in decreased number of
granulocytes compared to Group B (p = 0.016) and C (p =
0.016). Additionally, lower RDW-SD values were detected
in Group A compared to the yogurt groups and especially
compared to Group C (p = 0.012) after the intervention.
However, all values were in normal range (Supplementary
Table 2).

3.2 Inflammation Indices, Hemostatic Markers and
Platelet Aggregation against PAF

The inflammation and hemostatic markers as well as
ex vivo platelet aggregation against PAF expressed as PAF
ECs5p values at baseline, are presented in Table 2. No dif-
ferences were detected among groups with the exception of
IL-6 that was higher in Group B compared to Group A (p =
0.02). After the intervention, a trend for a decrease in IL-10
was only observed in Group C (p = 0.05) and also a decre-
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Table 3. Specific activities of PAF metabolism enzymes, at baseline and after the 8 weeks of intervention.

Group A

Group B

Group C

)4

(Control group, n=11)

(Plain yogurt, n =17)

(Enriched yogurt, n = 23)

Among groups

Baseline End %A

Baseline End %A

Baseline End %A

Baseline %A

PAF-CPT 240.8 4+ 136.6 255.3 £ 160.2 6.5 +26.1 167.6 + 101.5 173.3 +118.4 0.4 +£28.8 185.0 + 132.2 166.2 £ 87.3 8.53 £78.0 0.309 0.907
(pmol/mg/min)

Lyso-PAF ATC 64.5 85.3*% 16.1 98.3 74.1 -19.4 63.8 70.6 -1.0 0229 0.095
(pmol/mg/min) (35.5,123.8) (40.3,156.6) (-1.9,26.5) (65.9,105.6) (55.4,111.5) (-36.5,25.5) (33.3,93.0) (37.6,108.0) (-20.6, 29.0)

Lyso-PAF ATE 293 4+8.3¢ 31.54+10.0 8.6 +£28.9 655 £24.6° 61.7+22.7 42+ 183 59.8 +26.5* 57.0418.9 4.25 4+ 349 0.001 0.480
(pmol/mg/min)

PAF-AH 64.7+23.1 6204223 7.7+43.1 54.6 £264 5284279 3.6 £53.1 572+31.1 583 +344 10.1 +43.7 0.644 0.911
(pmol/mg/min)

LpPLA> 246+75 254+ 8.7 1.5 (-6.9, 12.1) 30.0 £ 6.6 307 +£7.2 0.8(-6.1,4.4) 27.7+£57 264+£6.1*% -33(-7.8,0.0) 0.101 0.710
(nmol/mL/min)

LpPLA>-to- 0.2 £0.06 0.2 +£0.07 1.03(-5.86,3.67) 0.2+0.05 02+£0.05 -3.46(-9.595.69) 0.2+0.07 02+0.14 -4.29(-8.58,3.42) 0.433 0.707
LDL ratio

Data are presented as means + standard deviations for normally distributed variables and as medians (25th, 75th percentiles) for skewed variables. Comparison of baseline means as well as
comparisons of the % changes of tested parameters was performed by one-way analysis of variance (ANOVA) for normally distributed variables and by Kruskal-Wallis for skewed variables.
@-bDifferent letters indicate significant difference p < 0.05 based on #-test for normally distributed variables and on the Mann-Whitney U test for skewed variables. The paired #-test for normally
distributed variables and the Wilcoxon test for paired samples for skewed variables, were also performed for testing the time effect within each group in comparison to baseline values (* for p <

0.05). Bold numbers indicate significant difference p < 0.05.
%A, % change calculated by the formula, Final value-Baseline value / Baseline value x 100; LDL, Low-density lipoprotein; LpPLA2, Lipoprotein-associated phospholipase Az; Lyso-PAF ATC,
Lyso-platelet-activating factor acetyltransferase in the presence of Ca®*; Lyso-PAF ATE, Lyso-platelet-activating factor acetyltransferase in the presence of EDTA; PAF-AH, Platelet-activating

acetylhydrolase; PAF-CPT, Platelet-activating factor-choline phosphotransferase.
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Table 4. Stool characteristics and gut microbiota PCR-based analysis among study groups at baseline and after 8 weeks of intervention.

Group A Group B Group C p
(Control group, n=11) (Plain yogurt, n=17) (Enriched yogurt, n = 23) Among Groups
Baseline End of study %A Baseline End of study %A Baseline End of study %A
Stool characteristics
Faecal pH 6.9+0.5 7.1+0.6 0.3(0.3, 1.6) 6.9+0.8 6.9+ 0.6 23(4.4,9.2) 6.8+ 0.6 7.0. £ 0.6 6.1(-6.5,9.7) 0.661
Faecal moisture (%)  69.0 &+ 6.4 702 £5.8 1.8£43 71.6 £53 72.7+£59 1.9+£83 73.6 £7.7 72.1+52 -1.2 £ 10.1 0.451
qPCR-based gut microbiota analysis (logio copies of 16S rRNA gene/g wet faeces)

Firmicutes 11.7+0.2 11.7+0.2 0.1 +£0.6 11.6 £0.2 11.7£0.2 0.5+ 1.1 11.7£0.2 11.8 £0.2 0.7+2.0 0.318
Bacteroidetes 11.1+0.2 11.1+£021 -09(-1.5,-0.1) 11.1+0.3 11.1+02 -02(-1.2,1.0) 11.1+0.25 11.1 +0.3 -0.4(-1.1, 1.9) 0.556
Firmicutes-to- 1.05 +0.02 1.06 +0.03  1.08 (0.0, 1.96) 1.05(1.04,1.07) 1.06 (1.05,1.07) 0.95 (0.0, 1.45) 1.06 (1.05, 1.07) 1.06* (1.06, 1.08) 0.95 (0.0, 1.89) 0.905
Bacteroidetes ratio

Bifidobacterium spp. 10.3 (8.8, 10.9) 10.2 (8.9,10.9) -0.7 (-1.7,2.6) 10.6(10.2,10.8) 10.4 (9.9, 10.9) -0.6(-3.1,3.3) 10.6 (10.0,10.8) 10.5* (10.2, 11.0) 2.4(-0.9,4.3) 0.185
Lactobacillus group 7.7+0.5 7.8 +04 1.0 (0.7, 1.2) 7.8+ 0.9 8.1 £0.8*% 2.1(-1.7,8.3) 7.6 +£0.6 7.8 +0.7 1.2 (-6.4, 6.8) 0.616
C. perfringens group 8.1 +£0.5 8.0+ 0.5 -1.2 £ 1.9 82+0.8 8.6 £ 0.5* 5.9+ 10.2° 8.0 (7.6-8.9) 8.9* (8.1-9.1) 4.7 £8.0 0.001

Data are presented as means + standard deviations for normally distributed variables and as medians (25th, 75th percentiles) for skewed variables. The paired ¢-test for normally distributed variables
and the Wilcoxon test for paired samples for skewed variables, were also performed for testing the time effect within each group in comparison to baseline values (* for p < 0.05). *®Comparisons
of the % changes of tested parameters were based on ANOVA analysis for normally distributed variables and on the Kruskal-Wallis test for skewed variables (different letters indicate significant
difference for p < 0.05 based on test). Bold numbers indicate significant difference p < 0.05.

%A: % change calculated by the formula, Final value-Baseline value / Baseline value x 100. qPCR, quantitative polymerase chain reaction; rRNA, ribosomal RNA.


https://www.imrpress.com

Table 5. SCFAs among study groups at baseline and after 8 weeks of intervention.

Group A Group B Group C 2
(Control group, n=11) (Plain yogurt, n = 17) (Enriched yogurt, n = 23) Among Groups
Baseline End of study %A Baseline End of study %A Baseline End of study %A Baseline %A
SCFAs (concentration, pmol/g of wet faeces)
Total Volatile Fatty — cc o | 451 7074425  115(06.174) 7634310 8024436 06(325469) 8264313 7154369 -27.6(-444,461) 0552 0.119
Acids (VFAs)
Acetate 32.1 +18.7 3594+175 23.8 (4.1,35.6) 359+ 129 379+ 19.8 —0.92(-28.5,44.5) 384+ 14.7 354+202 -22.0(-38.9,44.6) 0.553 0.122
Propionate 9.9 (5.1,182) 113(72,155) 2.7 (-4.5,140) 143+£64  139+7.1  1.6(=29.521.5) 152(11.6,18.1) 11.9(7.1,14.6) —27.7(=51.1,23.2) 0.849 0.199
Butyrate 18.2 £ 13.1 1824123 2.3(-1.3,11.1) 21.8+ 144 234+ 18.0 -23.6(-35.9,67.9) 21.4(15.1,27.0) 18.2(8.0,22.8) —26.3(-59.8,29.8) 0.569 0.212
BSCFAs 2.1(1.9,33) 25(2.0,28) -02(-1.3,155) 2.0(1.4,29) 1.8(1.5,34) 124(226,57.0) 2.1(1.7,3.0)0 2.1(1.7,3.5) 16.5(-31.3,43.8) 0462 0.743
Iso-butyrate 1.2¢(0.7,1.5) 1.0(08,13) -1.5(-7.5,7.5) 0.59(04,0.7) 0.6(0.4,1.3) 189(-13.0,90.2) 0.6%(0.5,1.0) 0.6(0.4,1.3) 157(-31.3,43.7) 0.005 0316
Iso-valerate 1.1 (1.1, 1.7) 1.2(09,1.7) -3.0(-21.0,31.2) 1.6(0.8,1.7) 1.3(0.8,1.3) 1.8(-53.1,29.9) 1.6 £ 0.9 1.6 £0.7 5.9 (-33.5,47.7) 0.972  0.598
Iso-caproic 0.0 (0.0-0.07) 0.0 (0.0-0.07) - 0.0 (0.0-0.07) 0.0 (0.0-0.03) - 0.0 (0.0-0.06) 0.0 (0.0-0.06) - 0962 ND
Other SCFAs 13(0.9,34) 1.3(0.9,2.8) -2.3(-17.0,14.6) 22(1.4,3.0) 2.0(1.1,3.1) —21.9(=33.9,52.9) 2.7(2.2,33) 2.1(1.5,3.3) —11.0(-47.6,19.2) 0.107 0.456
Valerate 0.9(0.8,2.3) 1.1(0.6,2.0) -4.0(-143,16.7) 15(1.1,1.9) 13(0.9,2.2) —21.1(-42.3,492) 1.8+08 16409  —10.6(-45.6,359) 0256 0.900
Caproic (hexanoic) 0.2¢ (0.1, 1.0) 0.3 (0.1,0.8) —10.8 (=25.4,23.5) 0.3¢(0.2,1.1) 0.5(0.2, 1.1) —1.5(=53.9,110.9) 1.14(0.4,1.3) 0.5%(0.3,1.0) —41.1(=68.5,13.1) 0.013 0.290
Heptanoic 0.04¢ (0.0, 0.1) 0.06 (0.0, 0.1) - 0.06¢ (0.0, 0.1) 0.06 (0.0, 0.2) - 0.14(0.1,0.2)  0.1(0.0,0.2) - 0.046 ND
SCFAs (Molar ratios, % total VFAs)
Acetate 492 +5.7 519 + 6.1 59+09.1 482 +5.7 490+ 7.2 2.14+13.9 46.3 +5.8 48.6 +5.2 59+ 14.0 0.358 0.623
Propionate 18.5+4.2 17.4 + 4.1 -53+11.0 189 +4.8 179+ 3.5 —0.7 £243 189 +34 18.6 + 3.9 -0.1 £21.5 0.953 0.780
Butyrate 2424+ 74 232+6.2 -29+ 139 26.6 + 7.0 259+ 8.4 —2.7+22.8 272+ 54 24.8 +4.8 -6.9 + 18.8 0.446 0.748
BSCFAs 5.0 +2.0° 46+22  -12.0(-152,2.7)* 3.29(2.3,3.8) 42(2.0,52) 23.3(-7.3,1044)> 33%(1.6,44) 3.9(24,53) 452(=29.8,121.2)® 0.052 0.101
Iso-butyrate 2.1+ 1.0° 20+£1.0  -97(-172,15) 0.8¢(0.6,1.0) 1.1(0.522) 14.9(=21.7,102.7) 0.9¢(0.6,1.0) 1.0(0.7,1.8) 29.4(-20.0, 123.8) <0.001 0.276
Iso-valerate 28+1.5 26+1.7 -13.2 (-21.3,4.3) 22+13 24+£15 11.2 (-37.9, 66.6) 23+1.6 27+£15 50.8 (-30.4,111.3) 0.587 0.120
Iso-caproic 0.0 (0.0-0.2) 0.0 (0.0-0.1) - 0.0 (0.0-0.1) 0.0 (0.0-0.0) - 0.0 (0.0-0.1) 0.0 (0.0-0.1) - 0.882 ND
Other SCFAs 31415 2.9+ 1.5% -3.2(-17.4,1.0) 314+1.0 33+14 0.5 (-17.8,30.6) 39420 39+1.8 -6.7(-23.7,44.5) 0242 0.716
Valerate 22408 2.04+0.7 -8.9(-20.4,2.4) 2.14+0.6 22409 1.3 (-16.9, 25.3) 23+ 1.1 25+1.0 1.0 (-12.7, 40.3) 0.745 0.226
Caproic (hexanoic) 0.6¢ (0.2,1.0) 0.7 (0.1,0.8) —14.3(-26.8,6.0) 0.9 +£0.7¢ 1.0+ 0.8 18.5 (-28.8, 89.1) 1.4+ 1.0¢ 1.1+0.8 -32.9(-45.6,55.0) 0.047 0.366
Heptanoic 0.1+0.2 0.1+0.2 - 0.1(0.0-0.1) 0.1(0.0-0.3) - 0.2+0.2 0.2+0.2 - 0.121 ND

o)
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Data are presented as means + standard deviations for normally distributed variables and as medians (25th, 75th percentiles) for skewed variables. The paired #-test for normally distributed variables
and the Wilcoxon test for paired samples for skewed variables, were also performed for testing the time effect within each group in comparison to baseline values (* for p < 0.05). Comparisons of the
baseline values®? as well as comparisons of the % changes®® of tested parameters were based on ANOVA analysis for normally distributed variables and on the Kruskal-Wallis test for skewed variables
(different letters indicate significant difference for p < 0.05 based on test). Bold numbers indicate significant difference p < 0.05.

%A, % change calculated by the formula, Final value-Baseline value / Baseline value x 100; BSCFAs, Branched short chain fatty acids; ND, Not determined; SCFAs, Short chain fatty acids; VFAs,
Volatile fatty acids.
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ase in the PAF EC5q value was observed in Group A (p =
0.03), compared to baseline. Comparison of the % changes
of the above markers revealed that the participants in Group
C resulted in higher PAF EC5q values compared to Group
A (p =0.045) (Supplementary Table 2).

3.3 PAF Metabolic Enzymes

The specific activities of PAF biosynthetic as well as
catabolic enzymes at baseline, are presented in Table 3. Be-
sides the difference in the specific activity of Lyso-PAF
ATE that was significant lower in Group A compared to
Group B (p =0.001) and C (p = 0.002), no other difference
was detected. After the 8 weeks of intervention, Lyso-PAF
ATC activity was higher in Group A (p = 0.04) and Lp-
PLA; activity was lower in Group C (p = 0.04) compared
to baseline. Comparison of % changes of the specific activ-
ity of PAF metabolic enzymes presented a borderline dif-
ference in Lyso-PAF ATC activity between Groups A and
B (p =0.07) (Table 3).

3.4 Stool Characteristics, Gut Microbiota gPCR-Based
Analysis and SCFAs

The participants allocated in yogurt groups (Groups
B and C) did not report any severe gastrointestinal side ef-
fects or significant changes in stool frequency and consis-
tency, although increase of abdominal bloating and/or bor-
borygmi were the most frequently reported side effects, as
it has been reported elsewhere [18]. All participants re-
ported full compliance with the intervention. In addition,
stool characteristics, gut microbiota qPCR-based analysis
and major SCFAs (acetate, propionate, butyrate) did not
present any difference among study groups at baseline (Ta-
bles 4,5). Culture-based analysis revealed higher baseline
levels of Clostridium perfringens in plain yogurt compared
to control group (p = 0.010) and enriched yogurt group (p =
0.035) (Supplementary Table 3). Significant baseline dif-
ferences were detected in the concentration and molar ra-
tios of iso-butyrate acid with Group A presenting the high-
est values from all groups (pa.g = 0.002 and pa.c = 0.011)
and in the concentration (pg.c =0.030 and pa.c =0.010) and
molar ratio of caproic (pg.c =0.044 and pp_c =0.043) and in
the concentration of heptanoic acid (pg.c = 0.044 and pa.c
= 0.042) with Group C showing significant higher values in
both cases (Table 5).

In Group A, a significant drop in molar ratio of other
SCFAs was detected after 8 weeks of intervention, which
could be rather attributed to the decrease of molar ratio of
valerate (p = 0.051). A trend for increased molar ratio of
acetate (p = 0.065) and decreased levels of C. perfringens
group (p = 0.059) were further detected. In Group B, a
significant increase in baseline levels of Lactobacillus (p =
0.034) and C. perfiringens (p = 0.032) group was observed
after 8 weeks of intervention while no significant differ-
ences were detected in the concentrations and molar ratio of
SCFAs. In Group C, a significant increase in baseline levels
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of C. perfiringens group (p = 0.014), Bifidobacterium spp.
(»=0.021) and Firmicutes-to-Bacteroidetes ratio (F/B ratio,
p = 0.035) (mean F/B ratio increase of 0.01/g facces) was
observed after the intervention. In the case of bifidobacte-
ria, four subjects exhibited a rather extreme >20.0% pos-
itive change in initial levels (one in each Group A and B,
two in Group C) — further analysis without these cases con-
firmed the significant increase in initial bifidobacterial lev-
els in Group C (10.43 + 0.46 vs. 10.59 £ 0.50, p = 0.049),
with no further change in the other two study groups. SC-
FAs analysis indicated a significant drop in baseline faecal
caproic levels (p = 0.025) and a trend for lower molar ratio
of butyrate (p = 0.058) after the consumption of enriched
yogurt (Tables 4,5).

Comparison of % changes of tested parameters re-
vealed a significant higher % increase in C. perfringens
group levels in both enriched (p = 0.002) and plain yo-
gurt (p = 0.012) groups after the 8 week-intervention com-
pared to control. Likewise, a higher % increase in mo-
lar ratio of BSCFAs was detected for both enriched (p =
0.007) and plain yogurt (p = 0.057) groups after the 8 week-
intervention compared to control. Moreover, plain yogurt
had a trend for higher % change in iso-butyrate concentra-
tion compared to control (p = 0.086), whereas enriched yo-
gurt group had a trend for higher % increase in iso-valerate
concentration (p = 0.074), but also for greater % decrease
of TVFAs (p = 0.058), acetate (p = 0.080) and propionate
(p = 0.074) levels compared to control. Based on analy-
sis, no significant difference was detected in % changes of
tested parameters between plain and enriched yogurt groups
(Tables 4,5). In ‘control vs. overall yogurt analysis’, a sig-
nificant higher % increase in C. perfringens group levels (p
< 0.001) and molar ratio of BSCFAs (p = 0.035) was also
detected in the case of yogurt consumption, with a trend for
higher molar ratios of iso-valerate (p = 0.090) and valer-
ate (p = 0.099) and lower TVFAs (p = 0.099) and acetate
concentrations (p = 0.078).

3.5 Associations between the % Change of the Specific
Activities of PAF Metabolic Enzymes and Platelet
Aggregation against PAF and the % Change of Gut
Microbiota gPCR-Based Analysis in Yogurt Groups

Results from linear regression analysis after sex, age
and BMI adjustment are presented as S-coefficients + stan-
dard error with p-values in Table 6.

In Group C, the augmentation of C. perfringens group
had a trend for inverse correlation with the specific activity
of the plasma catabolic enzyme, LpPLA, (—0.511 4 0.282,
p =0.087) and for positive correlation with PAF ECs val-
ues (5.976 £ 2.880, p = 0.053). Additionally, the increased
F/B ratio tended to positively correlate with the ratio Lp-
PLA, activity/LDL (5.022 + 2.709, p = 0.080).

In Group B, the increased levels of C. perfringens
group had also a trend for inverse correlation with the spe-
cific activity of the plasma catabolic enzyme, LpPLA, (—
0.484 + 0.238, p =0.067), as well as an inverse correlation
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Table 6. Linear regression analysis regarding the association between the % change of the specific activities of PAF metabolic

enzymes and platelet aggregation against PAF and the % change of gut microbiota qPCR-based analysis in yogurt groups.

Group B
(Plain yogurt, n=17)
C. perfringens group  Lactobacillus group  Bifidobacterium spp. F/B
Beta-Coefficient (standard error)
ECs0 PAF ns ns —8.319%** (2.492) ns
Lyso-PAF ATE —1.099*** (0.337) ns ns ns
PAF-AH ns —3.343%%* (1.442) ns ns
LpPLA> —0.484* (0.238) ns ns ns
Group C
(Enriched yogurt, n = 23)
ECs50 PAF 5.976* (2.880) ns ns ns
LpPLA> —0.511%* (0.282) ns ns ns
LpPLA>/LDL ns ns ns 5.022* (2.709)

Beta-Coefficients and their corresponding standard errors were obtained from linear regression analysis after

adjusting for age, sex and body mass index. Gut microbiota was considered the independent variable.

EC50 PAF, Half maximal effective concentration of PAF; F/B, Firmicutes-to-Bacteroidetes ratio; LpPLAg,
Lipoprotein-associated phospholipase As; Lyso-PAF ATE, Lyso-platelet-activating factor acetyltransferase
in the presence of EDTA; PAF-AH, Platelet-activating acetylhydrolase; PAF-CPT, Platelet-activating factor-

choline phosphotransferase.

*Ep < 0.01, **p < 0.05, *p < 0.10, ns: no significant.

with the specific activity of the biosynthetic enzyme, Lyso-
PAF ATE (-1.099 + 0.337, p = 0.007) while the increase in
Lactobacillus group was inversely correlated with the spe-
cific activity of the intracellular catabolic enzyme, PAF-AH
(-3.343 + 1.442, p = 0.039). In addition, the levels of Bifi-
dobacterium spp. were inversely correlated with PAF ECsg
values (-8.319 + 2.492, p = 0.006).

3.6 Associations between the % Change of Faecal SCFAs
and the % Change in PAF Metabolic Enzymes in Yogurt
Groups

The specific activity of PAF-AH was inversely corre-
lated with the levels of butyrate (-0.366 £ 0.173, p =0.049)
in Group C and with BSCFAs levels (-0.201 4+ 0.100, p =
0.068) and their molar ratio (—0.270 £ 0.107, p = 0.027) in
Group B, after sex, age and BMI adjustment.

3.7 Associations between the % Change of Faecal SCFAs
and the % Change in the Inflammation and Hemostatic
Markers in Enriched Yogurt Group

The decrease of IL-10 in Group C was positively cor-
related with the reduction of the concentration of butyrate
(0.175 + 0.082, p = 0.045) and an inverse correlation was
observed between the % change in the molar ratio of iso-
butyrate and PAI-1 activity (-0.060 £ 0.027, p = 0.039),
both in unadjusted model. Nevertheless, connections of bu-
tyrate with IL-10 (0.157 4 0.101, p =0.138) and molar ratio
of iso-butyrate with PAI-1 (-0.048 £ 0.031, p = 0.140) in
Group C were not significant in the final regression model
after adjustment for sex, age and BMI.
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4. Discussion

The present clinical trial aimed to investigate whether
the intake of a yogurt on a daily basis, fortified with a polar
lipid extract of olive-oil by-products that contains PAF-R
antagonists, could affect gut microbiota and faecal metabo-
lites in apparently healthy, mainly overweight, participants.
According to the results, the consumption of the enriched
yogurt resulted in a significant increase in the levels of Bi-
fidobacterium spp., C. perfringens group and F/B ratio. On
the other hand, a significant increase in the levels of Lacto-
bacillus and C. perfringens group was observed after the
intake of the plain yogurt. Additionally, a higher % in-
crease in molar ratio of BSCFAs was detected for both yo-
gurt groups after the 8 week-intervention compared to con-
trol. The consumption of the enriched yogurt also resulted
in a significant drop in faecal caproic levels and a trend for
lower ratio of butyrate to total VFAs compared to baseline
levels.

Previous intervention trials in adults have reported in-
creased levels of bifidobacteria and in some cases lacto-
bacilli populations after daily yogurt intake [15,48,49] even
though no effect in faecal bifidobacteria has also been stated
[50,51]. No differences were detected in the faecal levels
of clostridia and E. coli in previous studies [48,51], while
in a study that included over 65 years old Irish subjects,
the presence of C. perfringens was negatively correlated
with the number of Bifidobacterium spp. recovered [52].
Similar bacterial changes, with a concomitant decrease in
Bacteroides vulgatus levels, after yogurt consumption have
been previously attributed to the normalization of the bacte-
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rial density groups, probably reflecting a more balanced gut
microbiota profile [53,54]. Furthermore, it should be noted
that despite the increase of C. perfringens group levels af-
ter yogurt consumption in our study, no diarrheic episodes
or severe gastrointestinal side effects were reported during
the intervention period. The increase in the levels of Bifi-
dobacterium spp. observed after the intake of the enriched
yogurt may be also due to the existence of olive pomace
carbohydrates and polysaccharides since it has been doc-
umented that fructo-oligosaccharides promote the growth
of endogenous beneficial organisms such as bifidobacteria
[55].

It should note that the OOPLE extract contained 30%
w/w maltodextrin (MDX) as a protective colloid for emul-
sions as well as an emulsion polymerization material, re-
sulting in an intake of approximately 0.23 g MDX/day. It
has been reported that MDX dosages ranging between 0.5
and 15 g/d for 1-16 weeks resulted in a significant increase
of various Firmicutes members, in increased acetate and
propionate levels, in decreased BSCFAs while the effect
of MDX on butyrate levels varied between studies [56,57].
The significant increase in F/B ratio after the consumption
of the enriched yogurt was probably due to the raise of base-
line Firmicutes levels and could be merely attributed to the
presence of MDX in the food matrix, though daily intake
of MDX in our study was much lower compared to the pre-
vious reported. Furthermore, elevated F/B ratio may be re-
sulted by components present in the OOPLE extract of the
yogurt, since a similar rise in F/B ratio has already been
documented in mice fed with a virgin olive oil enriched diet
[58].

In our study, SCFAs analysis indicated a significant
drop in faecal caproic levels and a trend for lower ratio of
butyrate to total VFAs after the consumption of the enriched
yogurt. Caproic acid, also characterized as medium chain
fatty acid (MCFA), seems to exert pro-inflammatory prop-
erties through the activation of p38 MAPK signaling and
also its serum concentration is increased in multiple scle-
rosis patients, although its role in other pathological condi-
tions is still under consideration [59,60]. It has been sug-
gested that caproic acid is produced from the elongation
pathway of acetyl-CoA, -the product of lactate oxidation-
, resulting in the formation of butyryl-CoA and hexanoyl-
CoA [61]. The decrease of both butyrate and caproic acid
detected after the intake of the enriched yogurt is consis-
tent with the above biosynthetic pathway. Additionally,
a significant higher % change in molar ratio of BSCFAs
was detected for both enriched and plain yogurt group af-
ter the 8 week-intervention compared to control. Even
though, no significant differences were detected between
yogurt groups in the % changes of the gut microbiota and
faecal metabolites, plain yogurt had a trend for higher %
change in iso-butyrate concentration whereas enriched yo-
gurt group had a trend for higher % increase in iso-valerate
concentration. The elevated BSCFAs and specifically the
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increase in iso-butyrate and iso-valerate levels after yogurt
consumption was somewhat expected since it has been doc-
umented that they are mainly produced during protein fer-
mentation and especially from valine and leucine degrada-
tion by the intestinal microbiota carried out mainly by gen-
era Bacteroides and Clostridium [62—64].

The relation between gut microbiota and PAF
metabolism has not been studied with the exception of one
study that revealed no connection between Akkermansia
muciniphila and LpPLAs activity [65]. Regarding PAF ac-
tion, it has been reported that L. acidophilus, as a probi-
otic, counteracts PAF-induced inflammation in cell line de-
rived from normal human colon and Caco-2 cells by reduc-
ing nuclear factor kappa B activation and IL-8 production
[66]. Lyso-PAF that is the precursor molecule for the re-
modeling PAF biosynthesis, as well as the product of PAF-
acetylhydrolases action, has been detected in faecal sam-
ples of healthy donors and also PAF and lyso-PAF levels
have been augmented in ileoanal anastomosis and pouchi-
tis [67]. As far as yogurt intake is considered, the microbial
species present in yogurts and especially S. thermophilus
and L. acidophilus have the metabolic capacity to synthe-
size phospholipids among them glyceryl-ether analogs [66]
and lyso-PAF plasma levels were directly associated with
full-fat dairy intake including yogurt [68]. Additionally,
the existence of PAF inhibitors in the lipid fraction of yo-
gurts has been documented [66,69—71]. In the plain yogurt
group, the increase in C. perfringens seems to reduce both
PAF catabolism through LpPLA, action and the calcium-
independent PAF remodeling biosynthetic pathway, while
the increase in Lactobacillus group appears also to reduce
intracellular PAF catabolism (PAF-AH activity), indicating
that PAF levels may be increased. Similar to our results,
phospholipase C from C. perfringens had been documented
to rise PAF levels by stimulating PAF remodeling biosyn-
thetic pathway in cultured intestinal epithelial cells, but no
data presented whether this stimulation was observed in the
presence or absence of calcium [72]. In the same group,
Bifidobacterium spp. reinforced PAF action in platelets as
lower concentration of PAF was needed to induce ex vivo
PRP aggregation implying the secretion of a PAF analog
that is in accordance with previous data [73]. Interestingly,
in the enriched yogurt group, the increase of C. perfrin-
gens group was also inversely correlated with the plasma
catabolic enzyme, LpPLA,, but the increased F/B ratio was
positively correlated with the LpPLAs activity taking under
consideration the LDL levels, the main carrier of LpPLA,.
In addition, we have previously reported that the intake of
the enriched yogurt resulted in lower LpPLAs-to-LDL ra-
tio at 8 weeks compared to the plain yogurt [19]. More-
over, C. perfringens group seems to inhibit PAF action as
a positively correlation with PAF ECs5q values, lower re-
sponse of platelets against PAF, was detected. Since, this
correlation was not observed in the plain yogurt group, the
implication of PAF-R antagonists present in the OOPLE ex-
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tract cannot be excluded and the reduced PAF action has al-
ready been documented in this group [18]. Additionally, it
was recently reported that PAF is a weak activating agonist
and an allosteric inducer of FFAR2 (free fatty acid recep-
tor 2) also known as GPR43, a G protein-coupled receptor
that responds to short-chain fatty acids, especially acetate
and propionate, produced by gut microbiota fermentation,
through a receptor cross-talk mechanism and the PAF in-
duced transactivation of FFAR2 was inhibited by the PAFR
specific antagonist WEB in human neutrophils [74]. Since
the OOPLE extract contains PAF-R antagonists, it may also
be implicated in the inhibition of the PAF induced transac-
tivation of FFAR2.

5. Conclusion

Daily low-fat yogurt consumption for 8 weeks led to
a significant increase in the levels of C. perfringens group
that was inversely associated with the plasma catabolic en-
zyme of PAF, namely LpPLA,, that is considered a cardio-
vascular risk marker and has been associated with inflam-
mation and atherosclerosis. Moreover, in the enriched with
PAF-R antagonists yogurt group, the increased levels of C.
perfringens group were also associated with lower PAF ac-
tion. An increase in the levels of Bifidobacterium spp. and
a significant drop in faecal caproic levels was also detected
in the enriched yogurt group indicating a favorably effect
of PAF antagonists on gut microbiota in healthy overweight
subjects although further exploration is needed to elucidate
the mechanism.

6. Limitations

The participants were apparently healthy overweight
adults of Greek ethnicity with medium adherence to
Mediterranean diet, thus the findings may not apply to dif-
ferent population groups. Even though the study protocol
included 92 participants, stool samples were provided be-
fore and after the intervention from only 51 adults (58%
participation rate). Additionally, the participants of Group
B that provided stool samples presented a metabolically
slightly less healthy profile that may have influenced their
response to the intervention. PAF levels were not evaluated
that would provide a direct information regarding its rela-
tion with specific microbial species. Gut microbiota diver-
sity could be further analyzed in-depth by e.g., 16S rRNA
sequencing. Also, we did not measure other microbial-
derived metabolites such as trimethylamine, a precursor
of trimethylamine N-oxide that has been associated with
platelet activity. On the other hand, the study design (i.e.,
randomized, double-blind) eliminated any potential sources
of bias (i.e., selection, performance and detection bias).
Lastly, subjective tools and methods, i.e., self-administered
records, phone calls were used to evaluate the compliance
of participants to the study protocol.

To our knowledge, this is the first study that has in-
vestigated the impact of two yogurts, a plain one and an
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one enriched with PAF inhibitors on gut microbiota and fae-
cal metabolites in healthy overweight subjects and report
significant associations between gut microbiota and PAF
metabolism and action.

Availability of Data and Materials

Data are available from the corresponding author upon
reasonable request.

Author Contributions

SA designed the research study, supervised its imple-
mentation and drafted the manuscript; EKM performed the
evaluation of stool characteristics, gut microbiota qPCR-
based analysis and SCFAs, performed the statistical analy-
ses and critically revised the manuscript; AK designed and
supervised the gut microbiota analysis and SCFAs and crit-
ically revised the manuscript; EF supervised the biochem-
ical analyses, performed the statistical analyses and criti-
cally revised the manuscript; MD performed the biochem-
ical analyses. All authors contributed to editorial changes
in the manuscript. All authors read and approved the fi-
nal manuscript. All authors have participated sufficiently
in the work and agreed to be accountable for all aspects of
the work.

Ethics Approval and Consent to Participate

All participants were informed about the objectives
and procedures of the study and provided their written con-
sent before enrollment. The study took place at the De-
partment of Nutrition and Dietetics of Harokopio Univer-
sity in Athens, Greece, from October 2014 to June 2016.
The trial adhered to the guidelines of the Declaration of
Helsinki (1989) of the World Medical Association, was
approved by the Bioethics Committee of Harokopio Uni-
versity (40/30-10-2013) and was registered in ClinicalTri-
als.gov (NCT02259205).

Acknowledgment

The authors would like to thank the participants of this
study for their involvement, as well as all the personnel and
investigators for their contribution in the enrollment, ran-
domization and dietary evaluation of the participants and
in conducting the biochemical analysis of blood samples:
Christos Kokkalis, M.D., Mary Yannakoulia, Costas Anas-
tasiou, George Milias, Tzortzis Nomikos, Antigoni Tsi-
afitsa, Margarita Christea, loanna Vlachogianni, Marianna
Xanthopoulou, Chrysa Argyrou and Stella Zouloumi.

Funding

The European Regional Development Fund of the EU
and the Greek Ministry of Education and Religious Affairs,
Sport and Culture/GGET — EYDE-ETAK have cofinanced

this work, through the Operational Program Competitive-
ness and Entrepreneurship (OPC II), NSRF 20072013,

&% IMR Press


https://www.imrpress.com

Action “SYNERGASIA 20117 Project: 11SYN 2 652, en-
titled “Cardioprotective properties of yogurt enriched with
bioactive lipids from oil production by-products”.

Conflict of Interest

Smaragdi Antonopoulou states that given her role as
Guest Editor, she had no involvement in the peer-review
of this article and has no access to information regarding
its peer review. Full responsibility for the editorial pro-
cess for this article was delegated to Dr. Amedeo Amedei
and Dr. Eugene Rosenberg. Smaragdi Antonopoulou has a
relevant patent (Hellenic Industrial Property Organisation,
1008550—25/08/2015 issued). The other authors declare
no conflict of interest.

Supplementary Material

Supplementary material associated with this article
can be found, in the online version, at https://doi.org/10.
31083/j.tb12904159.

References

[1] Round JL, Mazmanian SK. The gut microbiota shapes intestinal
immune responses during health and disease. Nature Reviews.
Immunology. 2009; 9: 313-323.

[2] Cryan JF, Dinan TG. Mind-altering microorganisms: the impact
of the gut microbiota on brain and behaviour. Nature Reviews.
Neuroscience. 2012; 13: 701-712.

[3] Moschen AR, Wieser V, Tilg H. Dietary Factors: Major Regu-
lators of the Gut’s Microbiota. Gut and Liver. 2012; 6: 411-416.

[4] Mitsou EK, Kakali A, Antonopoulou S, Mountzouris KC, Yan-
nakoulia M, Panagiotakos DB, et al. Adherence to the Mediter-
ranean diet is associated with the gut microbiota pattern and gas-
trointestinal characteristics in an adult population. The British
Journal of Nutrition. 2017; 117: 1645-1655.

[5] Markowiak P, Slizewska K. Effects of Probiotics, Prebiotics, and
Synbiotics on Human Health. Nutrients. 2017; 9: 1021.

[6] Parvez S, Malik KA, Ah Kang S, Kim HY. Probiotics and their
fermented food products are beneficial for health. Journal of Ap-
plied Microbiology. 2006; 100: 1171-1185.

[7] Lichtenstein AH, Appel LJ, Vadiveloo M, Hu FB, Kris-Etherton
PM, Rebholz CM, et al. 2021 Dietary Guidance to Improve Car-
diovascular Health: A Scientific Statement From the American
Heart Association. Circulation. 2021; 144: e472—e487.

[8] Gardner CD, Vadiveloo MK, Petersen KS, Anderson CAM,
Springfield S, Van Horn L, et al. Popular Dietary Patterns:
Alignment With American Heart Association 2021 Dietary
Guidance: A Scientific Statement From the American Heart As-
sociation. Circulation. 2023; 147: 1715-1730.

[9] Drouin-Chartier JP, Brassard D, Tessier-Grenier M, Coté JA,
Labonté ME, Desroches S, et al. Systematic Review of the
Association between Dairy Product Consumption and Risk of
Cardiovascular-Related Clinical Outcomes. Advances in Nutri-
tion (Bethesda, Md.). 2016; 7: 1026—1040.

[10] Fontecha J, Calvo MV, Juarez M, Gil A, Martinez-Vizcaino V.
Milk and Dairy Product Consumption and Cardiovascular Dis-
eases: An Overview of Systematic Reviews and Meta-Analyses.
Advances in Nutrition (Bethesda, Md.). 2019; 10: S164-S189.

[11] Tutunchi H, Naghshi S, Naemi M, Naeini F, Esmaillzadeh
A. Yogurt consumption and risk of mortality from all causes,

CVD and cancer: a comprehensive systematic review and dose-
response meta-analysis of cohort studies. Public Health Nutri-

tion. 2023; 26: 1196-1209.

&% IMR Press

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Moosavian SP, Rahimlou M, Saneei P, Esmaillzadeh A. Ef-
fects of dairy products consumption on inflammatory biomark-
ers among adults: A systematic review and meta-analysis of ran-
domized controlled trials. Nutrition, Metabolism, and Cardio-
vascular Diseases: NMCD. 2020; 30: 872-888.

FAO/WHO. Codex Alimentarius: Milk and Milk Products. Sec-
ond Edition. Food and Agriculture Organization of the United
Nations and World Health Organization: Rome. 2011.

Yan S, Zhang X, Jia X, Zhang J, Han X, Su C, ef al. Charac-
terization of the Composition Variation of Healthy Human Gut
Microbiome in Correlation with Antibiotic Usage and Yogurt
Consumption. Antibiotics (Basel, Switzerland). 2022; 11: 1827.
Hussein L, Gouda M, Fouad M, Labib E, Bassyouni R, Moham-
mad M. Dietary intervention with yoghurt, synbiotic yogurt or
traditional fermented sobya: bio-potency among male adoles-
cents using five bio-markers of relevance to colonic metabolic
activities. Food & Nutritional Sciences. 2014; 5: 1131-1144.
Olson DW, Aryana KJ. Probiotic Incorporation into Yogurt and
Various Novel Yogurt-Based Products. Applied Sciences. 2022;
12: 12607.

Bimbo F, Bonanno A, Nocella G, Viscecchia R, Nardone G, De
Devitiis B, et al. Consumers’ acceptance and preferences for
nutrition-modified and functional dairy products: A systematic
review. Appetite. 2017; 113: 141-154.

Antonopoulou S, Detopoulou M, Fragopoulou E, Nomikos T,
Mikellidi A, Yannakoulia M, et al. Consumption of yogurt
enriched with polar lipids from olive oil by-products reduces
platelet sensitivity against platelet activating factor and inflam-
matory indices: A randomized, double-blind clinical trial. Hu-
man Nutrition & Metabolism. 2022; 28: 200145.

Detopoulou M, Ntzouvani A, Petsini F, Gavriil L, Fragopoulou
E, Antonopoulou S. Consumption of Enriched Yogurt with PAF
Inhibitors from Olive Pomace Affects the Major Enzymes of
PAF Metabolism: A Randomized, Double Blind, Three Arm
Trial. Biomolecules. 2021; 11: 801.

Tsantila N, Karantonis HC, Perrea DN, Theocharis SE, II-
iopoulos DG, Antonopoulou S, et al. Antithrombotic and an-
tiatherosclerotic properties of olive oil and olive pomace po-
lar extracts in rabbits. Mediators of Inflammation. 2007; 2007:
36204.

Tsantila N, Karantonis HC, Perrea DN, Theocharis SE, Iliopou-
los DG, Iatrou C, et al. Atherosclerosis regression study in rab-
bits upon olive pomace polar lipid extract administration. Nutri-
tion, Metabolism, and Cardiovascular Diseases: NMCD. 2010;
20: 740-747.

Demopoulos CA, Pinckard RN, Hanahan DJ. Platelet-activating
factor.  Evidence for  1-O-alkyl-2-acetyl-sn-glyceryl-3-
phosphorylcholine as the active component (a new class of lipid
chemical mediators). The Journal of Biological Chemistry.
1979; 254: 9355-9358.

Antonopoulou S, Demopoulos CA. Protective Effect of Olive
Oil Microconstituents in Atherosclerosis: Emphasis on PAF Im-
plicated Atherosclerosis Theory. Biomolecules. 2023; 13: 700.
Travers JB, Rohan JG, Sahu RP. New Insights Into the Patho-
logic Roles of the Platelet-Activating Factor System. Frontiers
in Endocrinology. 2021; 12: 624132.

Kelesidis T, Papakonstantinou V, Detopoulou P, Fragopoulou
E, Chini M, Lazanas MC, ef al. The Role of Platelet-Activating
Factor in Chronic Inflammation, Immune Activation, and Co-
morbidities Associated with HIV Infection. AIDS Reviews.
2015; 17: 191-201.

Lordan R, Tsoupras A, Zabetakis I, Demopoulos CA. Forty
Years Since the Structural Elucidation of Platelet-Activating
Factor (PAF): Historical, Current, and Future Research Perspec-
tives. Molecules (Basel, Switzerland). 2019; 24: 4414.
Theoharides TC, Antonopoulou S, Demopoulos CA. Coron-

13


https://doi.org/10.31083/j.fbl2904159
https://doi.org/10.31083/j.fbl2904159
https://www.imrpress.com

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

14

avirus 2019, Microthromboses, and Platelet Activating Factor.
Clinical Therapeutics. 2020; 42: 1850-1852.

Upton JEM, Grunebaum E, Sussman G, Vadas P. Platelet Ac-
tivating Factor (PAF): A Mediator of Inflammation. BioFactors
(Oxford, England). 2022; 48: 1189-1202.

Ewer AK, Al-Salti W, Coney AM, Marshall JM, Ramani P,
Booth IW. The role of platelet activating factor in a neonatal
piglet model of necrotising enterocolitis. Gut. 2004; 53: 207—
213.

Souza DG, Pinho V, Soares AC, Shimizu T, Ishii S, Teix-
eira MM. Role of PAF receptors during intestinal ischemia and
reperfusion injury. A comparative study between PAF receptor-
deficient mice and PAF receptor antagonist treatment. British
Journal of Pharmacology. 2003; 139: 733-740.

Pellon MI, Steil AA, Furié V, Sanchez Crespo M. Study of the
effector mechanism involved in the production of haemorrhagic
necrosis of the small intestine in rat passive anaphylaxis. British
Journal of Pharmacology. 1994; 112: 1101-1108.

Yost CC, Weyrich AS, Zimmerman GA. The platelet activat-
ing factor (PAF) signaling cascade in systemic inflammatory re-
sponses. Biochimie. 2010; 92: 692-697.

Snyder F. CDP-choline:alkylacetylglycerol cholinephospho-
transferase catalyzes the final step in the de novo synthesis of
platelet-activating factor. Biochimica et Biophysica Acta. 1997,
1348: 111-116.

Harayama T, Shindou H, Ogasawara R, Suwabe A, Shimizu T.
Identification of a novel noninflammatory biosynthetic pathway
of platelet-activating factor. The Journal of Biological Chem-
istry. 2008; 283: 11097-11106.

Stafforini DM. Biology of platelet-activating factor acetylhydro-
lase (PAF-AH, lipoprotein associated phospholipase A2). Car-
diovascular Drugs and Therapy. 2009; 23: 73-83.

Lu J, Pierce M, Franklin A, Jilling T, Stafforini DM, Caplan M.
Dual roles of endogenous platelet-activating factor acetylhydro-
lase in a murine model of necrotizing enterocolitis. Pediatric Re-
search. 2010; 68: 225-230.

Merendino N, Dwinell MB, Varki N, Eckmann L, Kagnoff MF.
Human intestinal epithelial cells express receptors for platelet-
activating factor. The American Journal of Physiology. 1999;
277: G810-G818.

Soliman A, Michelsen KS, Karahashi H, Lu J, Meng FJ, QuX, et
al. Platelet-activating factor induces TLR4 expression in intesti-
nal epithelial cells: implication for the pathogenesis of necrotiz-
ing enterocolitis. PLoS ONE. 2010; 5: e15044.

Chen K, Sun W, Jiang Y, Chen B, Zhao Y, Sun J, et al.
Ginkgolide B Suppresses TLR4-Mediated Inflammatory Re-
sponse by Inhibiting the Phosphorylation of JAK2/STAT3 and
p38 MAPK in High Glucose-Treated HUVECs. Oxidative
Medicine and Cellular Longevity. 2017; 2017: 9371602.
Armant MA, Fenton MJ. Toll-like receptors: a family of pattern-
recognition receptors in mammals. Genome Biology. 2002; 3:
REVIEWS3011.

Fillon S, Soulis K, Rajasekaran S, Benedict-Hamilton H, Radin
IN, Orihuela CJ, et al. Platelet-activating factor receptor and in-
nate immunity: uptake of gram-positive bacterial cell wall into
host cells and cell-specific pathophysiology. The Journal of Im-
munology. 2006; 177: 6182-6191.

Lemjabbar H, Basbaum C. Platelet-activating factor receptor
and ADAMI10 mediate responses to Staphylococcus aureus in
epithelial cells. Nature Medicine. 2002; 8: 41-46.

Detopoulou M, Nomikos T, Fragopoulou E, Yannakoulia M,
Kyriakou A, Panagiotakos D, et al. Yogurt enriched with
a natural extract rich in PAF inhibitors and polyphenols
Study design and rationale of a randomized, double blinded,
placebo-controlled, parallel intervention study. The Journal of
Atherosclerosis Prevention. 2019; 10: 5-13.

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

Moher D, Hopewell S, Schulz KF, Montori V, Getzsche PC, De-
vereaux PJ, et al. CONSORT 2010 explanation and elaboration:
updated guidelines for reporting parallel group randomised tri-
als. BMJ (Clinical Research Ed.). 2010; 340: c869.

Salonen A, Nikkila J, Jalanka-Tuovinen J, Immonen O, Rajili¢-
Stojanovi¢ M, Kekkonen RA, ef al. Comparative analysis of fe-
cal DNA extraction methods with phylogenetic microarray: ef-
fective recovery of bacterial and archaeal DNA using mechan-
ical cell lysis. Journal of Microbiological Methods. 2010; 81:
127-134.

Mitsou EK, Kougia E, Nomikos T, Yannakoulia M, Mountzouris
KC, Kyriacou A. Effect of banana consumption on faecal micro-
biota: a randomised, controlled trial. Anaerobe. 2011; 17: 384—
387.

Turunen K, Tsouvelakidou E, Nomikos T, Mountzouris KC,
Karamanolis D, Triantafillidis J, et al. Impact of beta-glucan on
the faecal microbiota of polypectomized patients: a pilot study.
Anaerobe. 2011; 17: 403-406.

Bartram HP, Scheppach W, Gerlach S, Ruckdeschel G, Kel-
ber E, Kasper H. Does yogurt enriched with Bifidobacterium
longum affect colonic microbiology and fecal metabolites in
health subjects? The American Journal of Clinical Nutrition.
1994; 59: 428-432.

Chen RM, Wu JJ, Lee SC, Huang AH, Wu HM. Increase of
intestinal Bifidobacterium and suppression of coliform bacte-
ria with short-term yogurt ingestion. Journal of Dairy Science.
1999; 82: 2308-2314.

Burton KJ, Rosikiewicz M, Pimentel G, Biitikofer U, von Ah U,
Voirol MJ, et al. Probiotic yogurt and acidified milk similarly
reduce postprandial inflammation and both alter the gut micro-
biota of healthy, young men. The British Journal of Nutrition.
2017; 117: 1312-1322.

Palaria A, Johnson-Kanda I, O’Sullivan DJ. Effect of a synbi-
otic yogurt on levels of fecal bifidobacteria, clostridia, and en-
terobacteria. Applied and Environmental Microbiology. 2012;
78: 933-940.

Lakshminarayanan B, Harris HMB, Coakley M, O’Sullivan 0,
Stanton C, Pruteanu M, et al. Prevalence and characterization
of Clostridium perfringens from the faecal microbiota of elderly
Irish subjects. Journal of Medical Microbiology. 2013; 62: 457—
466.

Garcia-Albiach R, Pozuelo de Felipe MJ, Angulo S, Morosini
M1, Bravo D, Baquero F, et al. Molecular analysis of yogurt con-
taining Lactobacillus delbrueckii subsp. bulgaricus and Strepto-
coccus thermophilus in human intestinal microbiota. The Amer-
ican Journal of Clinical Nutrition. 2008; 87: 91-96.

Vazquez C, Botella-Carretero JI, Garcia-Albiach R, Pozuelo MJ,
Rodriguez-Bafios M, Baquero F, et al. Screening in a Lactobacil-
lus delbrueckii subsp. bulgaricus collection to select a strain able
to survive to the human intestinal tract. Nutricion Hospitalaria.
2013; 28: 1227-1235.

Mater DDG, Bretigny L, Firmesse O, Flores MJ, Mogenet A,
Bresson JL, et al. Streptococcus thermophilus and Lactobacil-
lus delbrueckii subsp. bulgaricus survive gastrointestinal transit
of healthy volunteers consuming yogurt. FEMS Microbiology
Letters. 2005; 250: 185-187.

Gerasimidis K, Bryden K, Chen X, Papachristou E, Verney A,
Roig M, et al. The impact of food additives, artificial sweeten-
ers and domestic hygiene products on the human gut microbiome
and its fibre fermentation capacity. European Journal of Nutri-
tion. 2020; 59: 3213-3230.

Almutairi R, Basson AR, Wearsh P, Cominelli F, Rodriguez-
Palacios A. Validity of food additive maltodextrin as placebo and
effects on human gut physiology: systematic review of placebo-
controlled clinical trials. European Journal of Nutrition. 2022;
61: 2853-2871.

&% IMR Press


https://www.imrpress.com

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

Rodriguez-Garcia C, Sanchez-Quesada C, Algarra I, Gaforio JJ.
The High-Fat Diet Based on Extra-Virgin Olive Oil Causes Dys-
biosis Linked to Colorectal Cancer Prevention. Nutrients. 2020;
12: 1705.

Saresella M, Marventano I, Barone M, La Rosa F, Piancone F,
Mendozzi L, ef al. Alterations in Circulating Fatty Acid Are As-
sociated With Gut Microbiota Dysbiosis and Inflammation in
Multiple Sclerosis. Frontiers in Immunology. 2020; 11: 1390.
Zhong C, Bai X, Chen Q, Ma Y, Li J, Zhang J, et al. Gut micro-
bial products valerate and caproate predict renal outcome among
the patients with biopsy-confirmed diabetic nephropathy. Acta
Diabetologica. 2022; 59: 1469-1477.

Zhu X, Tao Y, Liang C, Li X, Wei N, Zhang W, et al. The
synthesis of n-caproate from lactate: a new efficient process
for medium-chain carboxylates production. Scientific Reports.
2015; 5: 14360.

Zarling EJ, Ruchim MA. Protein origin of the volatile fatty acids
isobutyrate and isovalerate in human stool. The Journal of Lab-
oratory and Clinical Medicine. 1987; 109: 566—570.

Aguirre M, Eck A, Koenen ME, Savelkoul PHM, Budding AE,
Venema K. Diet drives quick changes in the metabolic activity
and composition of human gut microbiota in a validated in vitro
gut model. Research in Microbiology. 2016; 167: 114-125.
Macfarlane GT, Gibson GR, Beatty E, Cummings JH. Estima-
tion of short-chain fatty acid production from protein by human
intestinal bacteria based on branched-chain fatty acid measure-
ments. FEMS Microbiology Letters. 1992; 101: 81-88.

Mitsou EK, Detopoulou M, Kakali A, Fragopoulou E, Nomikos
T, Antonopoulou S, ef al. Mining possible associations of fae-
cal A. muciniphila colonisation patterns with host adiposity and
cardiometabolic markers in an adult population. Beneficial Mi-
crobes. 2019; 10: 741-749.

Borthakur A, Bhattacharyya S, Kumar A, Anbazhagan AN, To-
bacman JK, Dudeja PK. Lactobacillus acidophilus alleviates
platelet-activating factor-induced inflammatory responses in hu-

&% IMR Press

[67]

[68]

[69]

[70]

(71]

[72]

[73]

[74]

man intestinal epithelial cells. PLoS ONE. 2013; 8: ¢75664.
Chaussade S, Denizot Y, Valleur P, Nicoli J, Raibaud P, Guerre
J, et al. Presence of PAF-acether in stool of patients with pouch
ileoanal anastomosis and pouchitis. Gastroenterology. 1991;
100: 1509-1514.

Nestel PJ, Straznicky N, Mellett NA, Wong G, De Souza DP,
Tull DL, et al. Specific plasma lipid classes and phospholipid
fatty acids indicative of dairy food consumption associate with
insulin sensitivity. The American Journal of Clinical Nutrition.
2014; 99: 46-53.

Lordan R, Walsh AM, Crispie F, Finnegan L, Cotter PD, Za-
betakis I. The effect of ovine milk fermentation on the antithrom-
botic properties of polar lipids. Journal of Functional Foods.
2019; 54: 289-300.

Antonopoulou S, Semidalas CE, Koussissis S, Demopoulos CA.
Platelet activating factor (PAF) antagonists in foods: a study
of lipids with PAF or anti-PAF like activity in cow’s milk and
yogurt. Journal of Agricultural and Food Chemistry. 1996; 44:
3047-3051.

Megalemou K, Sioriki E, Lordan R, Dermiki M, Nasopoulou C,
Zabetakis 1. Evaluation of sensory and in vitro anti-thrombotic
properties of traditional Greek yogurts derived from different
types of milk. Heliyon. 2017; 3: €¢00227.

Kald B, Boll RM, Gustafson-Svird C, Sjodahl R, Tagesson
C. Phospholipase C from Clostridium perfringens stimulates
acetyltransferase-dependent formation of platelet-activating fac-
tor in cultured intestinal epithelial cells (INT 407). Scandinavian
Journal of Gastroenterology. 1994; 29: 243-247.

Denizot Y, Benveniste J. Contamination of fermented milk prod-
ucts by proinflammatory autacoid paf-acether. Comptes Rendus
De L’Academie des Sciences. Serie III, Sciences De La Vie.
1989; 309: 593-597.

Lind S, Granberg KL, Forsman H, Dahlgren C. The allosteri-
cally modulated FFAR? is transactivated by signals generated
by other neutrophil GPCRs. PLoS ONE. 2023; 18: €¢0268363.

15


https://www.imrpress.com

	1. Introduction
	2. Materials and Methods
	2.1 Study Design
	2.2 Production of the Enriched Yogurt
	2.3 Hematological and Biochemical Measurements
	2.4 Ex Vivo Human Platelet-Rich Plasma Aggregation
	2.5 Measurement of PAF Metabolic Enzymes
	2.6 Gut Microbiota Analysis 
	2.7 Measurement of Faecal SCFAs – Stool pH and Moisture Determination 
	2.8 Statistical Analysis

	3. Results
	3.1 Anthropometric Characteristics and Classical Biomarkers of the Participants
	3.2 Inflammation Indices, Hemostatic Markers and Platelet Aggregation against PAF
	3.3 PAF Metabolic Enzymes 
	3.4 Stool Characteristics, Gut Microbiota qPCR-Based Analysis and SCFAs
	3.5 Associations between the % Change of the Specific Activities of PAF Metabolic Enzymes and Platelet Aggregation against PAF and the % Change of Gut Microbiota qPCR-Based Analysis in Yogurt Groups
	3.6 Associations between the % Change of Faecal SCFAs and the % Change in PAF Metabolic Enzymes in Yogurt Groups
	3.7 Associations between the % Change of Faecal SCFAs and the % Change in the Inflammation and Hemostatic Markers in Enriched Yogurt Group

	4. Discussion
	5. Conclusion
	6. Limitations
	Availability of Data and Materials
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest
	Supplementary Material

