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Abstract. Plasma amino acids spectrum as an important part of metabolomic pattern in patients with coronary
artery disease and atrial fibrillation. Melnychuk L.O., Lyzogub V.H. The aim of our work was fto estimate the plasma
amino acid (AA) spectrum peculiarities in coronary artery disease (CAD) patients with atrial fibrillation (AF) and to check
their connections with cardiometabolic risk factors and gu, microbiota metabolites. 300 patients were divided into three groups:
first — 149 patients with CAD but without arrhythmias, second — 123 patients with CAD and AF paroxysm and control group —
28 patients without CAD and arrhythmias. Plasma AA level was detected by ion exchange liquid column chromatography
method. The plasma AA spectrum changes in CAD patients with AF paroxysm were investigated: some plasma AA (glutamate,
glutamine, glycine, alanine, valine, tyrosine) and their combinations (Isoleucine+Leucine/Valine, Glycine+Serine,
Glycine/Methionine, Phenylalanine/Tyrosine, Glutamine/Glutamate) had significant changes in second group patients and had
correlations with cardiometabolic risk factors (glycine, valine, arginine, glutamate, isoleucine, alanine, methionine (p<0.05)).
Plasma AA combinations were revealed, the lattert could be used as an early marker of AF paroxysm in CAD patients by the
results of ROC analysis: 2.44 * Isoleucine — Glycine; area under ROC-curve 0.8122 and 3.16 * Phenylalanine — Glycine, area
under ROC-curve 0.8061. Plasma AA spectrum evaluation could be a new promising metabolic marker for AF paroxysm in
CAD patients. Altered AA levels point to the depth of pathogenetic changes during AF paroxysm formation: disorders of AA
metabolism with branched chain (isoleucine, leucine, valine), aromatic AA (phenylalanine, tyrosine), glutamine/glutamate,
glycine/serine and glycine/methionine metabolism. A strong reliable connection between plasma AA spectrum and gut
microbiota metabolites (trimethylamine, trimethylamine-N-oxide, total amount of fecal short chain fatty acids) was detected.

Pedepat. AMIiHOKHCJIOTHMII CIIEKTP NJIa3MH KPOBi IK BasKJIMBA MeTa00/IiYHA XapaKTePHCTUKA CTaHY NAL€HTIB 3
imemiuHOI0 XBOpP0GOIO cepust Ta piopunsiico nepencepab. Measunmuyk 1.O., JIuzory6 B.I'. Memoio nawoi po6omu
byna oyinka ocoonusocmet aminoxuciomuozo (AK) cnexmpa naazmu 6 nayicumis 3 iutemiunor xeopoboio cepys (IXC) ma
Qibpunayicto nepedcepor (@II) ma nepesipka ix 363Ky 3 giooMuMu KapoioMemabONMHUMU DAKMOPAMU PUBUKY mMa
Memabonimamu Mikpobiomy Kuwkienuxa. Tpucma nayienmis Oynu posnodinerni Ha mpu epynu. nepuwa — 149 nayienmis 3
IXC 6e3 apummiti, Opyea — 124 nayienmu 3 IXC ma napoxcuzmom @II ma xonmponvha epyna — 27 nayienmis 6e3 IXC ma
nopyutens cepyegozo pummy. Pieenv AK y niazmi susnauanu memooom ioHooOMiHHOT PIOUHHOT KOTOHKOB0I Xpomamocpaghii.
Jlocniosceno sminu AK cnexkmpa naazmu  nayienmis 3 IXC ma napoxcusmom @II: oesaxi AK (enymamam, enymamin, eniyun,
anawnin, eanin, mupozun) ma ix Kombinayii (izonevyun-tietiyun/ganin, eniyun+tcepun, 2niyuH/MemioHin, penina-
JIGHIH/MUPO3UN,  2LYMAMIH/2IYMAMAam) Manu 3HAuHi 3MIHU 6 nayienmie Opyeol 2epynu ma Mmanu Kopeuayii 3
KapoiomemaboniMHUMU (AKMopamu pusuKy (2niyuH, ealit, apeitin, eiymamam, i301eiyut, ananin, memionin (p<0,05)).
Bynu susisneni kombinayii AK naazmu, sIKi MOJCHA BUKOPUCMOBYSamu K panHit mapkep napokcusmy @I y nayicumis 3
IXC 3a pezynomamamu ROC-ananizy: 2,44 * izoneuyun — eniyun; niowa nio ROC-kpusoro 0,8122; 3,16 * gpeninananin —
eniyun, nrowa nio ROC-xpusoro 0,8061. Oyinka AK cnexmpa naazmu modice 6ymu HOGUM REPCHEKMUSHUM MEMAOONYHUM
mapxepom pozsumky napokcusmy DII y nayienmis 3 IXC. 3mineni pieni AK exazyioms Ha enubuHy namo2eHemuyHux smin
npu popmyeanni napoxcusmy @II: uepes nopyuennss memabonizmy AK 3 poszeanyscenum nanyozom (i301eiyuH, aetiyun,
eanin), apomamuunux AK (geninananin, muposum), emymamin/enymamam, euiyuH/cepur ma 2niyuH/MemioHin cnigeio-
HoweHb. Busgnenuil cunvrutl miyHuil 36 5130k mioie AK cnekmpom nnasmu ma memadonimamu KUWK08oi Mikpobiomu (mpu-
MeMmULAMIHOM, MPUMEemULAMiH-N-0KCUOOM, 3a2aNbHO0 KLILKICIIO (DeKalbHUX KOPOMKOIAHYIO20BUX HCUPHUX KUCTION).
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Metabolomics studies focus on small molecule me-
tabolites (sugars, nucleotides, amino acids, lipids) that
impact the host metabolome while their biochemical
functions have shown promise for studying host-gut
microbiota interactions. Today new diagnostic methods
give us a possibility to reveal specific metabolic signa-
ture of different diseases that enable to diagnose, predict
disease course, and guide treatment strategies [1].

Gut microbiome regulates different functions in the
host organism, including lipid and protein metabolism.
Some studies have proved connection of gut dysbiosis
with cardiovascular pathology, such as atherosclerosis,
arterial hypertension, heart failure, platelet hyperac-
tivity, vascular dysfunction [2]. Gut-heart axis can be
altered and this leads to hyperactivation of sympathetic
heart innervation through trimethylamine-N-oxide
action (TMAO) [3]. Gut microbiota affects our health
by its metabolites: TMAO and trimethylamine (TMA),
short chain fatty acids (SCFA), bile acids, uremic
toxins, lipopolysaccharide [4, 5]. Gut microbiota plays
an important role in coronary artery disease (CAD)
pathogenesis through several mechanisms: foam cell
formation, inflammation, lipid metabolism, platelet
hyperreactivity and thrombosis, endothelial dys-
function [7]. Several studies also classify plasma
amino acids (AA) as gut microbiota metabolites,
especially branched chain and aromatic acids [6, 7].

Atrial fibrillation (AF) is the most common arrhy-
thmia in the world. CAD also is a widely spread
cardiovascular pathology. Their combination is
associated with increasing risk of morbidity and
mortality. Both of them are characterized by the
similar risk factors such as lipid profile, obesity,
inflammatory diseases, heart failure, diabetes
mellitus, arterial hypertension etc. All these factors
are associated with special metabolic profile [4, 8].
Several studies analyzed plasma AA profile in AF
patients, but their data are controversial [9, 10].

Plasma A A profile investigations are a new pro-
mising biomarker for the detection and screening
AF paroxysm development in CAD patients [9, 10].
Its changes are associated with different
cardiovascular and endocrine pathology, that are
known AF and CAD risk factors [10, 11]. Accor-
ding to the previous studies CAD is associated with
alterations in tyrosine, glycine, threonine and
valine levels [9]. Also, changes in branched chain
AA metabolism are commonly associated with
CAD, aromatic AA changes are connected with
diabetes mellitus [12], but recent data about con-
comitant AF are controversial, forcing us to further
investigate of metabolic profile AF patients [9]. So,
deeper pathophysiological investigations of AF
paroxysm development are promising and of actual
scientific interest.
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The aim of our study was to estimate the pecu-
liarities of plasma amino acid spectrum in coronary
artery disease patients with atrial fibrillation and to
check their connections with another gut microbiota
metabolites — trimethylamine, trimethylamine-N-oxide,
total amount of fecal short chain fatty acids, clinical
and laboratory findings.

MATERIALS AND METHODS OF RESEARCH

300 patients were enrolled in the study. They 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.
CAD and AF diagnosis were based on latest Euro-
pean Sosiety of Cardiology guidelines [13, 14]. Inclu-
sion criteria were based on results of objective
clinical investigation (typical patients’ compliance
and history), resting 12lead electrocardiogram
(ECG), transthoracic echocardiography, ultrasound
of the carotid arteries, lipid profile, invasive coronary
angiography. To diagnose CAD, we selected patients
in whom during invasive coronary intervention by
anamnesis morbi, presence of atherosclerotic plaques
was revealed. AF paroxysm was found by resting
12 lead ECG. ECG was done by CardioLab ECG
complex (Kharkov, 2017). Carotid ultrasound and
echocardiography were done by Toshiba Aplio 400
color Doppler ultrasound system (Japan, 2016).
Exclusion criteria: reported malignancies, chronic
kidney  disease  (glomerular filtration rate,
GFR <60 mL/min), valvular AF, heart failure Class III
to IV (by New York Heart Association), left ventricular
dysfunction (ejection fraction <45%), thyroid patho-
logy, inflammatory bowel disease, irritable bowel
syndrome, vegetarians and vegans, pregnancy, pro-
biotics and antibiotics taking for a month before the
study. No significant difference in risk factors at ba-
seline level were seen between investigated groups, they
were comparable (p>0.05). Informed consent was ob-
tained from all subjects in accordance with the
Declaration of Helsinki. The study was conducted at the
base of the Kyiv City Clinical Hospital No. 12 (protocol
No. 8 from 22/08/2018) and was approved by the ethical
commission. All investigated patients signed informed
consent, the latter was approved at the same ethical
commission meeting. Baseline characteristics of study
sample are shown in Table 1.

By the data presented in Table 1, investigated
groups are comparable by the mean clinical charac-
teristics: age, body mass index (BMI), etc. Significant
increase of uric acid levels (by 22.66% and 30.53%
respectively) and decrease of glomerular filtration
rate (by 26.16% and 19.38% respectively) was in the
first and second groups as compared with control

group (CG).
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Table 1
Baseline characteristics of study sample,
mean = mean standard deviation
Characteristic

/group Group I Group II CG pl-2 p2-CG p1-CG
Age (years) 67.71+4.73 67.96+6.46 56.25+4.17 p>0.05 p>0.05 p>0.05
BMI (kg/m?) 27.02+3.69 26.93+2.87 28.12+4.05 p>0.05 p>0.05 p>0.05
Uric acid (mmol/l) 380.5+£95.38 404.9+142.7 310.2490.79 p>0.05 p<0.05 p<0.05
Total bilirubin
(mmoll) 11.3£2.85 12.4+3.06 11.72.11 p>0.05 p>0.05 p>0.05
GFR (ml/min) 62.03£5.88 67.7348.14 84.01£10.02 p>0.05 p<0.05 p<0.05

Also, lipid profile of investigated patients was
compared. Data are shown in Table 2.

According to the obtained data, in the first and
second group there was a significant increase of total
cholesterol (TC) (32.64% and 43.06% respectively),
triglycerides (TG) (80.36% and 55.36% respec-
tively), low density lipoproteins (LDL) (70.78% and
72.73% respectively), lipoprotein a (Lpa) (41.17%
and 54.95% respectively), apolipoprotein B (ApoB)

(85.12% and 140.50% respectively) and decrease of
high density lipoprotein (HDL) (16.09% and 29.31%
respectively) levels compared with CG (p<0.05). In
the second group significant increase of ApoB
(29.91%) compared with first group was found.

Inflammatory markers and data of gut
microbiota metabolites were checked. Results are
shown in Table 3.

Table 2
Lipid profile of investigated groups,
mean + mean standard deviation
Cha’g i;‘lf;is‘ic/ Group I Group 11 CG p1-2 p2-CG p1-CG
TC (mmol/l) 5.73+1.44 6.18+1.29 4.320.47 p>0.05 p<0.05 p<0.05
TG (mmol/l) 2.0240.87 1.74+0.63 1.12:0.60 p>0.05 p<0.05 p<0.05
LDL (mmol/l) 2.63+0.86 2.66+0.91 1.540.68 p>0.05 p<0.05 p<0.05
HDL (mmol/l) 1.46+0.49 1.23+0.56 1.74+0.63 p>0.05 p<0.05 p<0.05
Lpa (mg/dl) 22.5345.73 24.7327.70 15.96+2.74 p>0.05 p<0.05 p<0.05
Apo Al (g/l) 2.020.51 2.34+0.88 1.62:0.62 p<0.05 p<0.05 p<0.05
Apo B (g/l) 2.24+0.64 2.91£0.79 1.21£0.45 p<0.05 p<0.05 p<0.05
23/ Tom XXVIIl/ 4
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Table 3
Inflammatory markers
and gut microbiota metabolites of investigated groups,
mean + mean standard deviation
Characteristic/
group Group I Group II CG pl1-2 p2-CG p1-CG
CRP, mg/l 2.15+0.99 3.03£1.05 0.91:£0.27 p<0.05 p<0.05 p<0.05
IL-6, pg/ml 2.66:0.81 3.27+0.87 1.610.20 p<0.05 p<0.05 p<0.05
TMA 21.89+2.64 25.4241.90 17.87+1.97 p<0.01 p<0.01 p<0.01
TMAO 2.52:+0.98 3.97+0.71 1.68+0.33 p<0.01 p<0.01 p<0.01
Total amount of
fecal SCEA 2089.00:£207.20 1732.00+114.42 2964.00+245.86 p<0.01 p<0.01 p<0.01
Significant increase of CRP (136.26% and Wallis rank univariate analysis in case not normal

232.97% respectively), 1L-6 (65.22% and 103.11%
respectively), TMA (22.50% and 42.25% respec-
tively), TMAO (50.00% and 136.31% respectively)
levels and decrease of SCFA (29.52% and 41.57%
respectively in the first and second groups was
compared with CG (p<0.05). In the second group
significant increase of CRP (40.93%), IL-6 (22.93%)),
TMA (16.13%), TMAO (57.54%) levels and decrease
of total amount of SCFA (17.09%) were detected in
comparison with a first group.

Plasma AA level was detected by method of ion
exchange liquid column chromatography [15] — such
AA were identified: lysine, histidine, arginine, or-
nithine, taurine, asparaginate, threonine, serine, glu-
tamate, proline, glycine, alanine, cysteine, valine,
methionine, isoleucine, leucine, tyrosine, pheny-
lalanine, glutamine, ammonia. Blood sampling from
patients was taken on an empty stomach from the
cubital vein on the day of hospitalization. Results
were presented as mean + standard error for con-
tinuous variables or median [95% confidence interval
(CI)] for categorical variables. Variables distribution
for normality is checked by the Pearson criterion. If
we got even one data distribution different from the
normal between compared data, we used non-
parametric analysis statistics methods (Kruskel-
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distribution). Pearson's rank correlation coefficient
was calculated. Analysis of ROC-curve for lipid and
inflammatory indexes and linear regression model
were done [16, 17]. All calculations were done in
MATLAB R2014a (License number 271828).

RESULTS AND DISCUSSION

Plasma AA spectrum in CAD patients with and
without AF was compared with CG (group of patients
without CAD and AF). A general overview of plasma
AA levels in the investigated groups is presented in
Table 4.

Comparing medians of obtained results we got the
following data (p<0.05):

1) In CAD group patients in comparison with CG, a
reliable decrease of absolute glycine (83,5%), valine
(18.10%) and alanine (74.86%) levels;

2) In comparable (CAD+AF) group patients in
comparison with CG, a reliable increase of absolute
glutamate (43.60%) level and depletion of absolute
glycine (85.16%), valine (25.75%), alanine (72.73%),
tyrosine (63.55%) and glutamine (68.47%);

3) In comparable group (CAD+AF) patients in
comparison with CAD group, a reliable increase of
absolute glutamate (35.14%) level and decriase of
absolute glycine (10.07%) level.
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Table 4
Plasma amino acid spectrum in CAD patients
with or without AF compared with control group,
mean [95% CI], mkmol/l
Characteristic/ CAD CAD+AF CcG pl1-2 p2-3 pl1-3
group
Lysine 25.35 [19.44; 133.33] 29.84 [19.36; 112.24] 91.83 [17.18; 181.32] p>0.05  p>0.05  p>0.05
Histidine 11.52 [9.48; 53.04] 10.32 [9.60; 46.48] 46.49 [5.56; 63.38] p>0.05  p>0.05  p>0.05
Arginine 13.13 [8.57; 87.5] 22.96 [9.12; 79.55] 62.09 [6.63; 119.32] p>0.05  p>0.05  p>0.05
Ornithine 16.04 [10.01; 122.22] 22.09 [11.78; 88.00] 75.59 [7.85; 179.89] p>0.05  p>0.05  p>0.05
Taurine 12.04 [4.8; 29.41] 7.87 [4.30; 45.29] 23.97 [3.28; 53.37] p>0.05  p>0.05  p>0.05
Asparaginate 4.82 [1.42; 6.08] 3.95 [1.83; 4.39] 4.4310.79; 9.39] p>0.05  p>0.05  p>0.05
Threonine 21.19 [12.87; 63.22] 17.65 [14.23; 69.54] 61.82 [10.97; 91.46] p>0.05  p>0.05  p>0.05
Serine 15.08 [13.7; 52.17] 20.64 [13.49; 29.37] 60.18 [11.51; 103.45] p>0.05  p>0.05  p>0.05
Glutamate 18.67 [15.64; 29.41] 25.23 [21.51; 36.76] 17.57 [7.34; 20.15] p<0.05  p<0.05  p>0.05
Proline 25.00 [16.33; 63.46] 23.33 [16.67; 82.50] 80.23 [13.33; 115.38] p>0.05  p>0.05  p>0.05
Glycine 31.18 [20.95; 147.90] 28.04 [21.50; 44.82] 189.00 [56.56; 281.40]  p<0.01  p<0.01  p<0.05
Alanine 57.86 [45.64; 145.29] 56.25 [48.31; 131.65] 206.28 [40.47;345.24]  p>0.05  p<0.01  p<0.05
Cysteine 6.52 5.32; 78.95] 5.69 [5.21; 39.47] 44.83 [5.32; 88.45] p>0.05  p>0.05  p>0.05
Valine 28.56 [22.44; 142.86] 25.89 [19.48; 137.50] 34.87 [13.97; 82.86] p>0.05  p<0.05  p<0.05
Methionine 2.71 [2.07; 9.18] 3.97 [2.64; 11.09] 6.03 [2.37; 16.13] p>0.05  p>0.05  p>0.05
Isoleucine 8.33 [5.78; 31.5] 11.02 [6.86; 36.17] 31.38 [5.34; 46.88] p>0.05  p>0.05  p>0.05
Leucine 16.35 [12.70; 61.54] 23.07 [12.90; 63.46] 51.87 [12.90; 92.31] p>0.05  p>0.05  p>0.05
Tyrosine 8.01 [5.84; 35.71] 7.69 [5.96; 15.07] 21.10 [9.57; 44.12] p>0.05  p<0.05  p>0.05
Phenylalanine 6.79 [6.08; 23.53] 12.14 [6.69; 24.12] 17.64 [5.56; 29.41] p>0.05  p>0.05  p>0.05
Glutamine 78.22 [57.14; 337.26] 74.01 [51.19; 164.44] 234.79 [96.18;398.53]  p>0.05  p<0.05  p>0.05
Ammonia 15.00 [11.22; 77.78] 27.97 [17.50; 66.95] 36.985 [9.06; 83.76] p>0.05  p>0.05  p>0.05
23/ Tom XXVII/ 4
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For deeper understanding of pathogenetic ways of
the amino AA exchange in patients with CAD and AF
different plasma AA groups were investigated. Their
meanings are presented in Table 5.

According to the published data branched chain
amino acids (BCAA) metabolism plays an important
role in development of diabetes mellitus and dyslipi-
demia [9, 13], also it is closely connected with gut
microbiota condition [18]. So, isoleucinetleuci-
ne/valine ratio was checked in investigated groups,
this index was significantly lower in CAD and
CAD+AF patients than in CG (p<0.05). Also, the role
of glycine, serine and methionine in lipid exchange,

Glycine+serine volume was significantly lower in
CAD and CAD+AF patients than in CG (p<0.05).
Also, glycine/methionine ratio was significantly
lower in CAD and CAD+AF patients than CG and in
CAD+AF patients compared with CAD (p<0.05).
Aromatic amino acids (AAA) are closely associated
with lipid exchange alterations [20] and athero-
sclerosis [21]. Phenylalanine/tyrosine ratio signifi-
cantly increased in CAD and CAD-+AF patients
compared with CG and in CAD+AF patients com-
pared with CAD (p<0.05). Glutamine/glutamate ratio
was closely connected with BCAA metabolism [18]
and it was increased in CAD+AF patients compared

gut microbiota condition is still interesting [9, 12, 19].  with CAD and CG (p<0.05).
Table 5
Plasma AA spectrum combinations in CAD patients with
or without AF compared with control group, mean [95% CI], mkmol/l

Characteristic /group Group I Group 11 CG pl1-2 p2-CG p1-CG
Isoleucine+Leucine/Valine 0.90 [0.70; 0.96] 0.85 [0.78; 0.98] 1.57 [1.11; 2.86] p>0.05 p<0.05 p<0.05
Glycine+Serine 47.40 [34.78; 188.10]  56.55[39.73; 95.82]  208.52 [28.07; 363.95]  p>0.05 p<0.05 p<0.05
Glycine/Methionine 11.11 [8.37; 16.59] 6.20 [4.91; 10.16] 13.78 [10.69; 25.67] p<0.05 p<0.05 p<0.05
Phenylalanine/Tyrosine 0.91 [0.72; 1.16] 1.15 [0.98; 1.40] 0.69 [0.45; 1.04] p<0.05 p<0.05 p<0.05
Glutamine/Glutamate 5.08 [3.90; 8.18] 6.99 [6.17; 9.08] 3.59 [2.13; 7.80] p<0.05 p<0.05 p>0.05

To our opinion, significant changes of plasma AA
spectrum levels should be a promising prognostic
marker of AF paroxysm in CAD patients. ROC-
analysis was performed individually for each plasma
AA and their combinations for further validation of
their diagnostic values. We found that optimal plasma
AA combinations can be used as prognostic markers
of risk of AF paroxysm in CAD patients. The area
under the ROC curve exceeded 0.75 for different AA
and their combinations, while the p-value was
significant (p<0.05). The ROC-analysis validated the
prognostic value of plasma levels of AA in AF and
CAD. Results are presented in Figure 1.

2.44 * isoleucine — glycine and 3.16 * phenyla-
lanine — glycine shows an excellent evaluation op-
portunity for AF paroxysm diagnostics and prediction
in CAD patients. Moreover, it showed the importance
of glycine, alanine, BCAA (isoleucine, valine) and
AAA (phenylalanine) in AF paroxysm development

18

in CAD patients, that further validated the diagnostic
value of listed AA.

The correlation analysis between plasma AA
spectrum and cardiometabolic risk factors of the exa-
mined groups was done. Spearman's correlation ana-
lysis was used to explore their correlations with species
number. All correlations are presented in the Figure 2.

The largest number of correlations was revealed
between plasma AA spectrum and such clinical
characteristics as total amount of fecal SCFA (total
number=12), ApoB (total number=10), CRP (total
number=9), TMAO (total number=8) and TMA (total
number=8) levels. The highest number of correlations
was between glycine (total number=9), valine (total
amount=8), arginine (total number=7), glutamate
(total number=7), isoleucine (total number=7), ala-
nine (total number=6), methionine (total number=6)
and clinical-laboratory changes.
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Fig. 1. ROC-curve analysis for respective AA and their combinations in CAD and CAD+AF groups p<0.05:
A —2.44 * isoleucine — glycine, area under ROC-curve 0.8122;
B —3.16 * phenylalanine — glycine, area under ROC-curve 0.8061;
C - 106 * valine/glycine — alanine, area under ROC-curve 0.7750;
D - glycine — 19.4 * alanine/isoleucine, area under ROC-curve 0.7889

This study evaluates spectrum of plasma AA as an
important part of metabolic profile and their network
in pathogenesis of AF paroxysm in CAD patients.
Their role was checked by the following obser-
vations: several plasma AA (glutamate, glutamine,
glycine, alanine, valine, tyrosine) and their combi-
nations (isoleucine+leucine/valine, glycine+serine,
glycine/methionine, phenylalanine/tyrosine, gluta-
mine/glutamate); changes in CAD+AF patients; their
strong correlations with mean clinical-laboratory
characteristics of groups (glycine, valine, arginine,
glutamate, isoleucine, alanine, methionine); confir-
med role of some AA combinations as a marker of AF
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paroxysm in CAD patients (2.44 * isoleucine — glyci-
ne; area under ROC-curve 0.8122 and 3.16 * pheny-
lalanine — glycine; area under ROC-curve 0.8061).

Plasma AA spectrum is an important marker of
human metabolism. Its changes are common for
different pathological conditions including AF [9, 10]
and atherosclerosis [11, 12]. But obtained data are
still controversial in different studies, and the im-
portance of further investigations is undoubted.
Moreover, in our work we detected the optimal AA
combinations that can help us to predict AF paroxysm
in CAD patients, that was not done before.
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Fig. 2. Matrices of heatmap correlation between plasma AA levels and cardiometabolic risk factors, p<0.05

BCAA (isoleucine, valine, leucine) and AAA
(phenylalanine, tyrosine) metabolism is closely
linked with gut microbiota condition [22], in our
study they correlated with such gut microbiota
metabolites as TMA, TMAO and total amount of
fecal SCFA.

In several animal studies BCAA catabolism is
obviously impaired in CAD cases. BCAA are accu-
mulated in left ventricular myocardium, this leads to
its hypertrophy by activation of myocardial mTOR
signal. In myocardium, BCAA acts as an important
nutrient signal to promote protein synthesis, cells
growth and metabolism. Increase of myocardial
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BCAA is directly linked with heart failure
development and left ventricular remodeling. At the
same time, in patients with MI plasma BCAA level
commonly decreased [23]. Moreover, valine is
crucial substrate in platelets activation by catabolic
way of valine/a-ketoisovaleric acid [24]. It is widely
known that platelets activation is common for CAD
and AF [2, 13, 14]. On the other hand, in animal
studies dietary valine improved gut microbiota com-
position (increased number of the Akkermansia and
Bifidobacterium) and decreased of f-oxidation of
fatty acids [25].
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Host-microbiome interaction is closely connected
with AAA metabolism. AAA take part in neuro-
transmitters (dopamine, norepinephrine, adrenaline,
melatonin) and hormones (thyroxine) synthesis.
Indole-3-aldehide and indole propionic acid, which
are phenylalanine metabolites, produced by
Bacteroides and Rumminococcus, provide intestinal
barrier integrity. They can decrease inflammation,
insulin sensitivity and salt sensitive hypertension.
Tyramine, which is tyrosine metabolite, produced by
Rumminococcus, has vasodilatating and neuromo-
dulating effects. On the other hand, tyrosine is
precursor of 4-hydroxyphenilacetic acid, produced by
Faecalibacterium and Bacteroides, and is genotoxic
for human enterocytes [26].

Glutamine is the most abundant AA in intestinal
endothelium. It improves intestinal mucosal integrity,
stimulates immune response by increasing proportion
of CD8+ and CD3+ in lymphatic nodes, modulates
nucleotides biosynthesis and energy metabolism.
Glutamine additive improves gut microbiota com-
position: increases ration of Firmicutes to Bacte-
roides and decreases Actinobacteria level. It can
initiate AA metabolism in small intestine by bacterial
species [27]. According to some data, glutamine
decline is associated with AF due to increase of heat
shock proteins level [28].

In our study alterations of glycine metabolism
play an important role in AF paroxysm pathogenesis.
According to published data, about 30% of glycine
supplied with food is metabolized by the microbiota
of the small intestine, and by both gram-positive and
gram-negative flora. However, it is still unknown
what determines the activity of glycine degradation
by intestinal microbiota. For example, the activity of
glycine degradation increases in patients with type 2
diabetes. It was found that patients who took pro-
biotics (bifido and lactobacilli) had a lower con-
centration of glycine in their feces. An increase in the
content of formic acid in the feces is a sign of
increased glycine degradation under the influence of
the gut microbiome. On the other hand, the state of
the intestinal microbiome can influence the meta-

bolism of glycine in the host's body due to changes in
the expression of enzymes. It was estimated that
intestinal dysbiosis has an effect on the development of
NASH by reducing the content of circulating glycine.
Also, obesity and metabolic syndrome are closely
associated with a decrease in circulating glycine and
impairment of the gut microbiome [29].
CONCLUSIONS

1. Plasma amino acids spectrum evaluation can be a
new promising metabolic marker/pattern of atrial
fibrillation paroxysm in coronary artery disease patients.

2. Altered amino acids levels indicate the depth of
pathogenetic changes during atrial fibrillation paro-
xysm formations as it is characterized by disorders in
branched-chain amino acids (isoleucine, leucine,
valine), aromatic amino acids (phenylalanine,
tyrosine), glutamine/glutamate, glycine/serine and
glycine/methionine metabolism.

3. A strong reliable connection between plasma
amino acids spectrum and known gut microbiota meta-
bolites (trimethylamine, trimethylamine-N-oxide, total
amount of fecal short chain fatty acids) was detected.

4. Highly validated plasma amino acids combi-
nations that can be used as an early marker for atrial
fibrillation paroxysm in coronary artery disease
patients (p<0,05) were proposed in this study:
2.44 * isoleucine — glycine; area under ROC-curve
0.8122 and 3.16 * phenylalanine — glycine, area
under ROC-curve 0.8061.
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