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Abstract

Background: Studies have been going on for a while now to investigate the link between plasma free amino acids
(PFAA) and metabolic syndrome, and the results so far have been quite promising. However, these analyses aren't
commonly used for early clinical diagnosis of metabolic syndrome, partly because mass spectrometry can be pretty
expensive. That's why we decided to look into and characterize the PFAA profile of blood plasma in metabolic syndrome
patients using a more affordable alternative to MS\MS or GC-MS methods: high performance liquid chromatography (HPLC).

Objective: How can we describe the changes in the levels of free amino acids found in the bloodstream of individuals
diagnosed with metabolic syndrome using high-performance liquid chromatography (HPLC)?

Materials and methods: We sampled thirty patients who met the diagnostic criteria for metabolic syndrome from their
plasma for PFAA determination using HPLC. Additionally, we took plasma samples from fifteen confirmed healthy individuals
and analyzed them using HPLC. We measured the concentrations in the samples and analyzed the relationship between the
profiles of free amino acids in the plasma.

Results and discussion: The results show a significant difference in plasma concentrations of alanine, cysteine,
tyrosine, valine, cystine and isoleucine between the two groups. The HPLC method, when utilized under specific conditions,
can be employed for the quantitative measurement of amino acids in the blood.
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AKTyanbHOCTb: MCCNefoBaHus CBsA3KM CBODOAHLIX amuHOKMcnoT nnasmbl (PFAA) ¢ metabonuyecknm CUMHOPOMOM
NPOAOMKAIOTCA YKe [aBHO U Aanu xopolune Tekyline pe3ynbTaTbl. OfHAKO 3T aHamuabl He UCMONb3YTCA ANs paHHen
KNMWUHUYECKON [MArHOCTUKN MeTabonMyeckoro CMHOPOMa, B TOM YWCNEe M3-32 OTHOCWTENBHO BbICOKOWM CTOMMOCTW Macc-
cnekTpockonuu. MoaToMy Mbl CTPEMUNMUCHL WU3YUMTb W OXapakTepusosaTb npocurnb PFAA nnasmbl KpoBW Yy NaLMEHTOB C
MeTabonnyeckMm CMHOPOMOM C MCMONIb30BaHNEM METOAA BbICOKOA((EKTMBHO XMAKOCTHOM XxpomaTorpacum (BOXX) kak
Bonee gewweson anbTepHaTmbl Metogam MC/MC (taHaemHon macc cnektpomeTtpun) unv MX-MC (rasoBoit xpomatorpadum
Macc CnekTpoMeTpuu).

Llenb: onpegenutb konebaHus YpoBHS CBODOAHBLIX aMUHOKACNIOT B Mnasme KpoBu 6OMbHLIX MeTabonmyeckum
CMHApOoMOM MeToaoM BOXX.

Matepuansi u meTogbl. Y TpugLATV NaLWEHTOB, COOTBETCTBOBABLUNX KpUTEPUSM MeTabonmyeckoro cuHopoma, Gbinm
B3ATbl 0Opasubl nna3mbl ans onpedenexus PFAA ¢ nomowpbto BOXX. Takke obpasuypl nnas3mbl MpoaHanu3npoBaHbl C
nomowpio BIXKX y natHaguatv 3gopoBbix. Bbim mpumeHeH MpocTon paHOOMHbIA OTOOP Y4aCTHUKOB MCCIEAOBaHUs.
V3amepsinn KoHLEHTpaLuKW B obpa3Liax, a Takke B3anMOCBSA3b Mexay NpodunsMin cBOGOLHbIX aMUHOKMCTOT B Nasme.
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Pe3synbTatbl 1 06cyxaeHne. PesynbTaThl BbISIBUNM CTaTUCTUYECKA 3HAYMMYIO Pa3HULY B KOHLEHTPaLMsAX anaHuHa,
LUMCTENHa, TUPO3WHA, BaniHa, LIMCTMHA M U30MENLMHa B NNasMe Mexay AByMS rpynnamu.

OTKNOHEHUSt OT CPefHUX 3HAYEHWA KOHLEHTPALMA aMWHOKUCMOT MOryT ObiTb WHAWKaTOpamMu MeTabonmyecknx
npoLeccoB, cBsidaHHblx ¢ passutuem MC. Metog BOXX npu onpegeneHHbiX YCNOBUSX MOXET NPUMEHSATbCS NS
KONMYECTBEHHOTO ONpeLeneHnst aMMHOKUCIOT B KPOBM.

Knroyeenie cnosa: memabonuyeckuli cuHOpom, amuHokucrnomsl, BCAA, AAA, BOXX.
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©3ekTiniri: KaH nnasvacsl 60C aMUHKbIWKpINAAPbIHBIH, (PFAA) MeTabonuam CuHAPOMbIMEH BalnaHbICbiH 3epTTey

y3aK yakpIT OOMbl XakCbl HaTWXenepMeH xanfacyga. Ananga, Oyn Tangaynap Metabonuam CUMHOPOMbIHbIH, epTe

KNWHMKAIbIK, AWarHOCTUKACh! yiLiH nanaanaHbinManabl, COHbIMEH KaTap MacC-CreKTPOCKOMMSHBIH, CanbICTbipManbl Typae

XOfFapbl KyHblHa 6ainaHbicTbl. CoHapbikTaH, 6i3 MC/MC Hemece I'X-MC ap3aH 6anama peTiHae Xofapbl HaTUsKeni CyMblK,

xpomatorpadmsiHbl (HPLC) naiganaHa oTbipbin, MeTabonuam cuHopombl 6ap Haykactapaa nnasmanbik, PFAA npoduniv

3epTTeyre XaHe cunatTayra ThipbICTbIK,

Makcatbl: meTabonmam cuHOpOMbl Bap HaykacTapAblH, KaH nnasmacbiHgasbl 60C aMUHKbIWKbINAAPb! AEHTEMiHIH,
aybITRybIH HPLC agiciMeH aHbIKTay.

Matepuanpgap meH Tacingep. MeTtabonuam CMHOPOMbIHBIH, AWArHOCTUKANbIK, KPUTEPUIANEPIHE CaliKeC KeneTiH
pactanfaH 30 naumentte BOXX agiciven PFAA aHbikTay ywiH nnasma ynrinepi anbiHgsl. CoHbIMeH KaTap, oH bec cay
ajamMHaH nnasma ynrinepi anbiHgbl ksHe BOXX apkbinbl TangaHgbl. YArinepaeri KOHUEHTpauMsChbl, COHAan-ak,
nnasmagarbl 60C aMUHKbILIKbINAAPbLIHBIH, NPOdMbAepi apackiHaasbl 6alinaHbIC enweHi.

Hatuxenep meH Tankbinay. HaTuxenep eki Ton apacbiH4asbl anaHWH, LMCTEUH, TUPO3UH, BamnuH, LMCTUH U XaHe
U30NeNLUMHHIH, NNasMagarbl KOHLEHTpaumsanapbiHaa anTapnblkTai anbipMaLlbiblKTbl KepceTesi.

AMUH KbILKbIbl KOHLEHTPALUUACHIHbIH, OpTalla MaHAepiHeH aybiTkynap MC gamybiMeH GainaHbiCTbl MeTabonnam
npoLecTepiHiy, kepceTkiwTepi 6onybl MymkiH. BOXKX apici Genrini 6ip xargainapga kaHgasbl aMuH KblLWKbINAAPbIH
CaHAbIK aHbIKTaY YLUiH KONZAHbINYbl MyMKiH.

Tytiindi ce30ep: Memabonusm cuHOPOMbI, aMUHKbIKbIOapsl, BCAA, AAA, BOXX.
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Background obesity. [2]. MetS clusters risk factors that precede the onset of

With advances in combatting communicable diseases,  type 2 diabetes (T2D) and cardiovascular disease (CVD),
noncommunicable diseases (NCDs) have emerged as the  metabolic associated fatty liver disease (MAFLD) [3,4].
leading cause of morbidity and mortality worldwide. The While MetS symptoms such as obesity, hypertension,
World Health Organization (WHO) defines metabolic ~ and T2D can vary among ethnic groups and between urban
syndrome (MetS) as a pathological condition characterized ~ and rural populations, current scales and criteria used to
by abdominal obesity, insulin resistance, hypertension, and  diagnose MetS are based on traditional lipid profile
hyperlipidemia. [1]. According to the 2015 Global Obesity indicators such as ftriglycerides (TG) and high-density
Survey, obesity rates have doubled in 73 countries since  lipoprotein cholesterol (HDL-C). However, these lipid
1980 and increased in most other countries, with 604 million ~ biomarkers are not sufficiently accurate for measuring
adults and 108 million children in 195 countries affected by ~ dyslipidemia. [4].
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Individual amino acids' quantitative representation in the
blood can reveal significant shifts in crucial metabolic
processes. Branched-chain amino acids (BCAAs) such as
leucine, isoleucine, and valine are essential amino acids,
and elevated BCAA levels predict the development of
insulin resistance. [5]. These data suggest that high BCAA
concentrations could negatively impact circulating blood
cells, contributing to the pro-inflammatory and oxidative
status observed in many pathophysiological conditions. [6].
Elevated serum BCAAs and tyrosine, phenylalanine and
tryptophan - the three aromatic amino acids (AAAs) - are
not only associated with insulin resistance (IR), but also
closely related with lipid metabolism. Recent animal
research corroborates this notion, revealing that oral BCAA
administration increased lipogenic gene expression and
triacylglycerol synthesis in the liver. [7].

2. Materials and methods

2.1 Ethics statement

The study protocol was approved by the Local Ethical
Commission of Semey Medical University. Written informed
consent were obtained from all study participants.

2.2 Study subjects

Forty-five participants were randomly recruited from
Almaty city and its surroundings. Thirty subjects with MetS
(24 women and 6 men) were randomly selected at one of
outpatient clinics in Almaty city [8].

Participants in the control group (nine women and six
men) were those who did not met the criteria of MetS.

2.3 Blood samples

Venous blood samples for biochemical analyzes were
taken in standardized fasting conditions in the mornings of 9
between 7 am and 10 am. Blood was collected in EDTA K3
vacutainer tubes, plasma was separated out from whole
blood and stored at -70°C within 4 hours of collection until
analyzed. The tubes were kept there until (within 2 weeks to
2 months) the desired analysis for plasma amino acids.

2.4 Sample Preparation

Plasma samples (300 pl) thawed were prepared by
adding volume 200 pl acetonitrile and volume 100 I mix
solution phenyl isothiocyanate (PITC:propanol, 1:9, vol/vol).
Plasma proteins were precipitated by the addition of PITC.
After protein precipitation, the samples were shaken and
centrifuged at 14000xg for 10 min at a temperature of 4 <C.
After the samples were centrifuged, 300 pl of the
supernatant was taken into vials for HPLC analysis.

2.5. Chromatographic system

The HPLC system consisted of a Shimadzu LC-20AD
Prominence HPLC Pump dual piston Column oven CTO-30A

and SPD-20A / 20AV Offering dual-wavelength mode UV-
VIS Detector. The HPLC separation of the derivatized
amino acids required two mobile phases. Mobile phase A
consists of 99% HPLC grade acetonitrile and 1% acetic
acid, mobile phase B consists of 99,9% HPLC grade water,
0,1% acetic acid and 0,1 mol sodium acetate. All buffers
were filtered through a 0.2-um filter and degassed.

The chromatographic separation was performed using a
Shimadzu Prominence LC-20 system (Shimadzu, Japan)
equipped with a UV detector (SPD-20A) and a fluorescent
detector (RF-10AXL). The HPLC system was equipped with
a binary pump (LC-20AD), an autosampler (SIL-20AC), a
degasser (DGU-20A5) and a column oven (CTO-20A)
controlled by LCSolution.

Samples were separated on a Thermo Hypersil GOLD
C18 HPLC column (150 mm x 4 mm, 5 um).

The UV detection was performed at 254nm. The flow
rate of the mobile phase was 0,8 mi/min. The total HPLC
run time for the separation of the derivatized amino acids in
a single sample or standard is 43 min.

The method of amino acid measurement in body fluids
and plants was previously developed at the Food and
environmental safety laboratory of the Kazakhstan-Japan
Innovation Center KazZNARU.

2.6 Calculations and statistics

The two groups being compared in the analysis had an
equal number of observations and exhibited a significant
difference overall. To determine whether the means of the
two sets of amino acid data were statistically distinct, the
Mann-Whitney test for two independent samples was
employed. The agglomerative hierarchical clustering
technique of Hierarchical Clustering Ward Method was
utilized to identify the best pair of clusters to merge at each
step, based on an optimal value of an objective function.
The calculations were conducted using IBM SPSS version
23.0 and JMP Statistical Discovery LLC.'s Windows version
70 software (www.jmp.com).

3. Results and discussion

Figure 1 depicts the successful separation of 18 amino
acids (aspartic acid, glutamic acid, serine, asparagine,
histidine, arginine, threonine, alanine, proline, cysteine,
tyrosine, valine, methionine, cystine, isoleucine, leucine,
phenylalanine, and lysine) using a chromatographic method
on a plasma sample. The chromatographic separation was
found to be of good quality. The results show significant
difference  between the two groups in plasma
concentrations of alanine, cysteine, tyrosine, valine, cystine
and isoleucine. (Table 1).

V(x100)
Detector A254nm

Alanine

Glutamic acid

Tyrosine
Phenylalanine

Isoleucine

Cystine

DL B B e R
9.0 10.0 11.0 120 13.0 14.0

T
15.0

LI o e e e N B e
16.0 17.0 18.0 19.0 20.0 22.0 min

Figure 1. Chromatographic separation of a plasma sample.
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Figure 2. Plasma concentrations of identified amino acids.
Table 1.
Differences of amino acids plasma concentrations between patients with MetS and apparently healthy subjects.
Asp | His Arg Thr | Ala Pro | Cys | Tyr Val |[Cyst lle leu Phe | Lys
Total N 28 38 44 44 47 28 44 46 47 47 47 47 47 47
Mann-Whitney
U 55.00 | 170.00 | 225.00 | 200.00 | 148.00 | 60.00 |48.000 | 70.00 {403.00| 78.00 | 135.000 | 256.00 |294.00|158.00
Test Statistic | 55.00 | 170.00 | 225.00 | 200.00 | 148.00 | 60.00 |48.000 | 70.00 |403.00 | 78.00 | 135.500 | 256.00 [294.000| 158.00
Standard Error | 18.84 | 30.16 | 38.87 | 38.87 | 43.81 | 21.76 |40.389 | 41.88 | 43.81 | 43.81 | 43.818 | 43.81 | 43.81 | 43.81
BxactSg (2 | 248 | 234 | 54 | 96 | 036 | 085 | 000 | 0001|0001 | 0001 | 017 | o7t | 21 | 061
sided test)

New research indicates that alterations in plasma amino
acid levels, specifically branched chain amino acids and
aromatic amino acids, are linked to insulin resistance,
visceral obesity, and the likelihood of developing
cardiovascular disease and diabetes in the future. The
Plasma Free Amino Acid (PFAA) index, which is linked to
visceral fat obesity, has shown a relatively strong
correlation with various variables [9]. Several studies have
also demonstrated that the plasma concentrations of certain
amino acids, including isoleucine, glutamic acid, aspartic
acid, alanine, histidine, methionine, and asparagine, were
significantly higher in individuals with MetS [10].

Furthermore, an increase in the levels of Branched-
Chain Amino Acids (BCAAs) and specific Aromatic Amino
Acids (AAAs), such as alaning, in the plasma, is associated
with insulin resistance (IR) in Type 2 Diabetes (T2D) [11].

Elevated levels of alanine were found in patients with
MAFLD, and elevated plasma concentrations of asparagine
and alanine were found in patients diagnosed with MAFLD
and T2D. Obese patients were found to have elevated
levels of alanine [12], and diabetic patients have lower
plasma concentrations of serine than non-diabetic
individuals, as supported by other studies [13].

People characterized as late chronotype have elevated
type 2 diabetes and cardiovascular disease risk compared
to early chronotype. Plasma tricarboxylic acid cycle (TCA)
intermediates - some AA (proline, isoleucine) were lower in
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early chronotype, other AA (threonine, histidine, arginine)
were higher compared with late chronotype [14].

Significant disturbances in amino acid metabolism, the
tricarboxylic acid cycle, and glycerol and phospholipid
metabolism may affect overall glucose homeostasis in T2D
x [15]. Valine, leucine and isoleucine degradation, and
tryptophan metabolism) were associated with the presence
of metabolic syndrome [16].

BCAAs are found to be closely associated with Insulin
resistance. Reduction in leucine/isoleucine along with
glycerol during oral glucose tolerance test represents the
strongest predictor of insulin sensitivity and the decrease of
plasma BCAA levels is blunted in insulin-resistant subjects
during the oral glucose tolerance test [17].

In summary, elevated plasma concentrations amino
acids are associated with general changes in the metabolic
background and many processes that regulate amino acid
metabolism. Deviations from the mean values of amino acid
concentrations can be indicators of metabolic processes
associated with the development of MetS. BCAAs and
AAAs of the 19 amino acids showed greatest association
with obesity and lipid variables.

Further large-scale studies are needed to clarify the
rationale of our suggestion as well as addressing cost-
effective analysis of HPLC in the measurement of plasma
free amino acids.
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Fig. 3 Difference in values of amino acids between patients with MetS (1) and apparently healthy subjects (2).
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