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Gut microbiota and plasma amino acids profile
connections in patients with coronary artery disease
and atrial fibrillation
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Internal medicine department #4, Bogomolets National Medical University, Ukraine

Abstract: The aim of our work to check the connections between gut microbiota composition and plasma
amino acids profile in patients with coronary artery disease (CAD) and atrial fibrillation (AF). Materials and
methods: 300 patients were divided into 3 groups: first (CAD) — 149 patients with CAD but without
arrhythmias, second (CAD+AF) — 124 patients with CAD and AF paroxysm and control group — 27 patients
without CAD and arrhythmias. Plasma AA level was detected by ion exchange liquid column chromatography
method. 16-S rRNA sequencing checked gut microbiota composition. Results: The Il group patients are
characterized by a significant increase in Actinobacter Spp. and a decrease in Blautia Spp., Bacteroides
Thetaiotaomicron;a significant increase in glutamate, branched-chain amino acids, Fishers’ ratio, and a
decrease in glycine levels (P<0.05). Pathogenic species have such significant correlations: Streptococcus Spp.
with tyrosine (r=0.301), phenylalanine (r=0.340), aromatic amino acids (r=0.345), Fishers’ ratio (r=0.319);
Escherichiacoli with arginine (r=-0.331), serine (r=-0.337), valine (r=-0.332);(P<0.05). Probiotic species have
such significant correlations. Bifidobacterium Spp. with glycine (r=0.505), Fishers’ ratio (r=-0.371); Blautia
Spp. with ornithine (r=0.329), glycine (r=0.414), alanine (r=0.316); Eubacteriumrectale. with ornithine
(r=0.379), glycine (r=0.467), alanine (r=0.384), Fishers’ ratio (r=0.418);(P<0.05).Conclusions: Plasma
amino acids and gut microbiota are closely connected.

Keywords— coronary artery disease, atrial fibrillation, amino acids, gut microbiota composition, gut
microbiota metabolites.

l. INTRODUCTION:

Atrial fibrillation (AF) is the most common arrhythmia in the world. Coronary artery disease (CAD) is
an important risk factor in AF development. Near the half of all AF paroxysm occurred in patients with CAD.
Moreover, CAD and AF have the majority of mutual risk factors, such as obesity, dyslipidemia, arterial
hypertension, chronic inflammation, atherosclerosis, diabetes mellitus, heart failure, etc. [1, 2], which are
closely linked with gut microbiota composition [3] and amino acids (AA) exchange [4, 5, 6]. Nowadays the
pathological mechanism of AF paroxysm formation is still unclear [1], so the search of new AF risk factors and
their correction methods is an important up-to-date scientific problem.

Undoubtedly, that gut microbiota condition plays an important role in human health. It influences at
intestinal barrier permeability and synthetized the variety of metabolites. According to the several data, one of
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the gut microbiota metabolites are plasma AA, especially branched-chain AA (BCAAs) and aromatic AA
(AAAS) [7, 8]. In turn, AAAs increase endothelial dysfunction, platelets responsiveness and thrombosis
potential. Their metabolism is closely linked with anaerobic, pathogenic bacteria, such as Clostridium spp., etc.
and generated proatherogenic metabolites: phenylacetylglutamine, indoxyl sulfate and p-cresol
sulfate[7].According to the experimental studies, BCAAs exchange is depend on Bifidobacterium, Akkermansia,
Eubacterium, Prevotella speciesmetabolism. BCAAs catabolism is essential for lipids and carbohydrates
exchange. They take part in thermogenesis regulation, visceral fat tissue production, increase insulin resistance,
directly connected with obesity and diabetes mellitus. On the other hand, BCAAs are crucial for hepatocyte
proliferation, protein synthesis and immunity [8]. So, to check the connection between plasma amino acids
profile and gut microbiota composition is an important pathogenetic question for deeper understanding
mechanism of development cardiovascular disorders.

1. THE AIM:

To check the connections between gut microbiota composition and plasma amino acids profile in
patients with coronary artery disease and atrial fibrillation.

1. MATERIALS AND METHODS:

300 patients were divided into 3 groups: first (CAD) — 149 patients with CAD but without arrhythmias,
second (CAD+AF) — 124 patients with CAD and AF paroxysm and control group (CG) — 27 patients without
CAD and arrhythmias. CAD and AF diagnosis were based on the latest ESC guidelines [1, 2]. All patients were
treated in the Kiev City Clinical Hospital No. 12, cardiological and therapeutic departments during 2018-2023
years. AF paroxysm was checked by resting 12 leads electrocardiography. Diagnosis CAD was confirmed by
history of coronary arteries stenotic changes during invasive coronarography. Exclusion criteria were: reported
malignancies, chronic kidney disease (Glomerular Filtration Rate, GFR <60 mL/min), valvular AF, heart failure
Class 11l to 1V (by New York Heart Association), thyroid pathology, inflammatory bowel disease, irritable
bowel syndrome,vegetarians and vegans, pregnancy, taking probiotics and antibiotics for a month before the
study.No significant difference in risk factors at baseline were seen between investigated groups. The study was
conducted at the base and was approved by the ethical commission of the Kyiv City Clinical Hospital No. 12
(protocol # 8 from 22/08/2018). Informed consent was obtained from all subjects in accordance with the
Declaration of Helsinki.

Baseline characteristics of study patients includes age, body mass index (BMI), uric acid, total
bilirubin, GFR, total cholesterol (TC) levels. Uric acid, total bilirubin, creatinine and TC were checked by Kyiv
City Clinical Hospital No. 12 laboratory (certificate # IIT — 257/21). GFR was calculated by CKD-EPI
creatinine equation. Advanced age, obesity, hypercholesterolemia, high stages of chronic kidney disease, gout
and hyperbilirubinemia are known risk factors of AF paroxysm development [1]. That’s why this baseline
characteristics were analyzed and compared, because it can help us to exclude their influence on obtained
results.

Plasma AA profile was checked by ion exchange liquid column chromatography method — such AA
were identified: lysine, histidine, arginine, ornithine, taurine, asparagine acid, threonine, serine, glutamine acid,
proline, glycine, alanine, cysteine, valine, methionine, isoleucine, leucine, tyrosine, phenylalanine, glutamine.
Automatic amino acids analyzer T 339 (Mikrotehna, Czech Republic) were used in our study. Study was done in
Bogomolets National Medical University, Kyiv, Ukraine. Blood sampling from patients was performed on an
empty stomach from the cubital vein on the first day of hospitalization, before treatment.

Determination of the gut microbiota composition was carried out using quantitative PCR gRT-PCR
using primers for the 16S rRNA gene and taxon-specific primers. Such domains were checked: bacteria —
Firmicutes (Lactobacillus spp., Faecalibacterium prausnitzii, Enterococcus spp., Blautia spp., Streptococcus
spp., Eubacterium rectale, Roseburia inulinivorans, Ruminococcus spp.), Bacteroides (Bacteroides spp.,
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Bacteroides thetaiotaomicron, Prevotella spp.), Actinomycetota (Bifidobacterium spp.), Verrucomicrobiota
(Akkermansia muciniphila), Pseudomonadota (Escherichia coli, Acinetobacter spp.) and Archaea
(Methanobrevibacter smithii and Methanosphaera stadmanae). Also, Firmicutes/Bacteroides (F/B) ratio was
compared [3].

Results were presented as mean * standard error or [95% confidence interval (CI)] for continuous
variables or as a number for categorical variables. Data were compared using Wilcoxon signed-rank test or
Student t-test with two critical regions by the type of distribution; Spearman’s rank correlation coefficient [9].
All calculations were done in MATLAB R2014a (License number 271828).

V. RESULTS:

At first, we compared baseline characteristics of investigated groups. All investigated groups were
similar by age, BMI and total bilirubin values. I and Il groups patients were characterized by increase of TC (by
32.64% and 43.06% respectively), uric acid (by 22.66% and 30.53% respectively) and decrease of GFR (by
26.16% and 19.38% respectively) in comparison with CG. Data are shown in table 1.

Table 1. Baseline characteristics of study sample, mean * standard error

Characteristic
I Tl P1-2 P2- P1-
/group group group CG CG G
Age (years) 67.71+3.90 67.96+0.94 56.25+2.18 P>0.05 P>0.05 P>0.05
BMI (kg/m?) 27,02+0,33 26,93+0,43 28,12+2,10 P>0,05 P>0,05 P>0,05
Total bilirubin 11,3£0,09 12,4+0,08 11,7+0,11 P>0,05 P>0,05 P>0,05
(mmol/l)
Uric acid 380,5:28,16 | 404,9¢436,11 | 31022912 | P>005 | P<005 | P<0,05
(mmol/l)
GFR (mi/min) |  62,0342,31 67,73+1,98 84,01+5,48 P>0,05 | P<005 | P<005
TC (mmol/l) 5,73+0,37 6,1840,31 4,32+0,21 P>0,05 | P<0,05 | P<0,05

Secondary, the plasma AA spectrum was analyzed. In the | group patients a significant decrease in

glycine, valine, and alanine levels was found in comparison with the CG (P<0,05). In the Il group patients a
significant increase in glutamate, and a significant decrease in glycine, valine, alanine, serine, and glutamine
levels were checked in comparison with the CG (P<0,05). In the Il group, a significant rise in glutamate and a
significant depletion in glycine levels were detected in comparison with the | group (P<0,05).The data are
shown in Fig. 1.
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Figurel. Plasma amino acids spectrum in investigated groups, mumol/l.
Notes: +-P<0.05 | group — CG; #-P<0.05 Il group — CG; *-P<0.05 I-II groups.

Also, we combined plasma AA according to their biochemical properties and exchange and compared
these results in investigated groups. In the II group, a significant rise in BCAA and Fishers’ ratio was found in
comparison with the | group (P<0,05). In the II group, a significant rise in BCAA and Fishers’ ratio and a
decrease in Glycine + Serine sum was found in comparison with the CG (P<0,05). In the I group, a significant
rise in Fishers’ ratio and a decrease in Glycine + Serine sum was checked in comparison with the CG (P<0,05).

The data are shown in Fig. 2.
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Figure2. Plasma amino acid combinations in investigated groups, mumol/l.
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Notes: +-P<0.05 | group — CG; #-P<0.05 11 group — CG; *-P<0.05 I-I1 groups.

Gut microbiota composition was estimate in investigated groups. The F/B ratio was not significantly
different in the investigated groups (P>0.05). By the taxonomic analysis in the | and Il groups was a significant
increase in Pseudomonadota and a decrease in Actinomycetota and Verrucomicrobiota compared with CG; in
the 11 group compared with the | group was a significant rise inPseudomonadota (P<0.05). By the species
analysis in the I and Il groups comparing with CG was a significant rise in Bacteroides Spp.,
FaecalibacteriumPrausnitzii, Actinobacter Spp., Streptococcus Spp. and adecrease in Lactobacillus Spp.,
Bifidobacterium Spp., AkkermansiaMuciniphila, EubacteriumRectale; in the I group in comparison with CG
was a significant rise in Ruminococcus Spp.; in the Il group in comparison with CG was a significant decrease
in Roseburialnulinivorans; in the 11 group in comparison with | group was a significant rise in Actinobacter Spp.
and a decrease in Blautia Spp., Bacteroides Thetaiotaomicron (P<0.05). The data are shown in Fig. 3.
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Figure 3. Gut microbiota composition in investigated groups: a — F/B ratio; b — taxonomic analysis,
mean [95% Cl], 1g/CFU/mI; ¢ — species analysis, mean [95% CI], Ig/CFU/mI; *-P<0.05 I-1l groups; +-P<0.05 |
group — CG; #-P<0.05 Il group — CG.
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The correlation analysis between the gut microbiota composition and plasma amino acids profile was
performedin the examined groups. The largest amount of correlations was between plasma amino acids profile
and such phyla as Bacteroidota (total number = 6), andF/B ratio (total number = 5). The largest amount of
correlations was between gut microbiota composition and such AA as glycine (total number = 3) and Fishers’
ratio (total number = 3). Data are shown in table 2.
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The correlation analysis between the gut microbiota composition and plasma amino acids profile was
performedin the examined groups. The largest amount of correlations was between plasma amino acids profile
and such species as BlautiaSpp (total number = 4), Streptococcus Spp (total number = 4), and Eubacterium
Rectale (total number = 4).The largest amount of correlations was between gut microbiota composition and such
AA as glycine (total number = 7)and Fishers’ ratio (total number = 6). Data are shown in table 3.
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Table 3. Correlation matrices between plasma amino acids profile and gut microbiota composition
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V. DISCUSSION:

AA are crucial for intestinal integrity and rebuilding the microvilli of the gut’s epithelial cells, restoring
gut homeostasis. Threonine, serine, and glycine are important for gut mucosa production [10]. Also, glycine and
taurine take part in the bile acids exchange, which are known gut microbiota metabolites. Glycine have
antiatherogenic properties by supporting cholesterol incorporation in the cellular wall that reduced cholesterol
level [11]. In the animal experiment, glycine supplementation has strong anti-inflammatory effect and directly
connect with rise of Lactobacillus and Bifidobacterium species [12]. AAAs exchange violations are associated
with dyslipidemia, atherosclerosis, diabetes mellitus, liver pathology, and chronic inflammation [13]. According
to the experimental data, Streptococcus Spp.can regulate biosynthesis and transport of AAAs [14].

Lactobacillus and Bifidobacterium Spp. are the known probiotics, which characterized by strong anti-
inflammatory properties, takes part in normalization carbohydrates and lipids exchange, normalize intestinal
barrier permeability. In the same time, the new promising probiotics strains are Akkermansiamuciniphila,
Blautiaspp., Eubacteriumrectale, Roseburiainulinivorans, and Faecalibacteriumprausnitzii.They are takes part
in the host metabolomic and have anti-inflammatory properties [15].

So, gut microbiota quotative and qualitative disturbances are closely associated with plasma amino
acids profile violations.

VI. CONCLUSIONS:

Patients with coronary artery disease and atrial fibrillation are characterized by plasma amino acids and
gut microbiota composition changes:
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1. A significant increasein Actinobacter Spp. and a decrease in Blautia Spp., Bacteroides Thetaiotaomicronin
patients with coronary artery disease and atrial fibrillation was determined in comparison with patients with
coronary artery disease and without atrial fibrillation (P<0.05);

2. A significant increase in glutamate, branched-chain amino acids, Fishers’ ratio, and a decrease in glycine
levels in patients with coronary artery disease and atrial fibrillation was determined in comparison with
patients with coronary artery disease and without atrial fibrillation (P<0.05);

3. The highest amount of significant correlations between gut microbiota indexes and plasma glycine and
Fishers’ ratio was found (P<0.05);

4. Pathogenic species have such significant correlations:Streptococcus Spp.with tyrosine (r=0.301),
phenylalanine (r=0.340), aromatic amino acids (r=0.345), Fishers’ ratio (r=0.319); Escherichiacoliwith
arginine (r=-0.331), serine (r=-0.337), valine (r=-0.332); Enterococcusspp. with serine (r=-0.311), glycine
(r=-0.320) (P<0.05);

5. Probiotic species have such significant correlations: Bifidobacterium Spp. with glycine (r=0.505), Fishers’
ratio  (r=-0.371);Blautia  Spp.  with  ornithine  (r=0.329), glycine  (r=0.414), alanine
(r=0.316);Eubacteriumrectale. with ornithine (r=0.379), glycine (r=0.467), alanine (r=0.384), Fishers’ ratio
(r=0.418)(P<0.05).

Perspectives of subsequent scientific research: Nowadays several amino acids can be used as postbiotics for
gut microbiota compositioncorrection.
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