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Abstract

Background: Examining blood plasma for B vitamins can be pivotal in detecting metabolic syndrome (MetS), a group of
risk factors that raise the likelihood of acquiring cardiovascular disease and type 2 diabetes. B vitamins, namely thiamine
(B1), riboflavin (B2), pantothenic acid (B5), pyridoxine (B6), biotin (B7), folate (B9), and cobalamin (B12), are critical for
multiple metabolic functions in the body, such as generating energy, synthesizing DNA, and maintaining nerve function.
Inadequate levels or uneven ratios of these B vitamins can contribute to the onset and advancement of MetS.

Objective: To detect variations in the levels of B vitamins (B1, B2, B5, B6, B7, B9, and B12) in the blood plasma of
patients with MetS by High-Performance Liquid Chromatography (HPLC).

Materials and methods: Fifteen patients who have been diagnosed with MetS and meet the relevant criteria were
selected, and samples of their plasma were collected to determine the levels of vitamin B1, B2, B5, B6, B7, B9, and B12 by
HPLC. Additionally, plasma samples were also collected and analyzed from fifteen apparently healthy individuals. The
samples were evaluated for their concentration levels of vitamins B i group n patients with MetS and apparently healthy
individuals.

Results and discussion: The study findings demonstrated a significant decrease of plasma levels of vitamins B1 and
B9 in patients with MetS compared with healthy individuals, whereas plasma levels of vitamin B12 were twice as high as
control group. To evaluate the modified method and customize the previously developed assay technique to the specific
needs of blood testing, a relatively larger sample size is required to confirm these findings.

Keywords: metabolic syndrome, B vitamins, HPLC.
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AKTyanbHoOCTb: VccnegoBaHue nnasmbl KPOBU HA Hanuuue BUTAMUHOB rpynnbl B MOXET UMeThb peluaioLiee 3HaveHue
Ons BblsBNeHUst Metabonuyeckoro cuhgpoma (MC), rpynnbl (hakTOpPOB puUCKa, MOBbILAKWMX BEPOSTHOCTb Pa3BUTUSA
CepAeYHO-coCyaNCTbIX 3aboneBannin n auabeta 2 Tuna. ButamuHbl rpynnel B, a umeHHo TwamuH (B1), pubodpnasuH (B2),
naHToTeHoBas kucrnota (B5), nupupokcud (B6), Buotun (B7), donmnesas kucnota (B9)u kobanamuH (B12), umetot
peLuatLLee 3HaueHne 41 MHOTUX MeTabonuyeckux PYHKUMA B OpraHu3me, Takux kak BbipaboTka aHeprim, cuntes [IHK u
nogaepxaHue (yHKLMM HEPBHOM cUCTEMbI. HeafekBaTHble YPOBHWU UM HEPABHOMEPHOE COOTHOLLEHWE 3TUX BUTaMWHOB
rpynnbl B MoryT cnocobcTBoBaTH BO3HUKHOBEHMIO 1 NporpeccupoBanmto MC.
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Llenb: BbIsSBUTH BapuaLmu ypoBHe BuTammuHoB rpynnsl B (B1, B2, B5, B6, B7, B9 1 B12) B nna3me kpoBu NauueHToB ¢
MeTabonmyeckM CMHAPOMOM C MOMOLLbIO BbICOKOI(EKTUBHON XUAKOCTHON XpomaTorpadum (BIXKX).

Matepuansi n metoabl. bbinu 0To6paHbl NaTHagUaTh nauueHToB ¢ MC, COOTBETCTBYIOLLMX KPUTEPUAM BKMHOYEHMS B
“ccnenoBaHue 1 NATHaALaTh 300POBbIX UL AN ONpefeneHus ypoBHen BUTaMuHOB rpynnbl «Bx: B1, B2, B5, B6, B7, B9 n
B12 ¢ nomousto BOXKX. Bbinu cobpaHbl 1 NpoaHanuavpoBaHbl 06paslbl Nna3Mbl MO YPOBHIO KOHLEHTpaLUMU BATAMUHOB
rpynnbl «By» y naunento ¢ MC 1 300poBbIX L,

Pe3ynbTatbl n 06cyxaeHue. PesynbTaTbl MCCNEAOBaHNS Noka3anw, YTo y ny, ¢ MC 3HauMTenbHO CHUKEH YPOBEHb B
kpoBu BuTamuHOB B1 1 B9, Toraa kak koHueHTpaums B12 Bbina 3HaunTenbHO Bhille, YEM B KOHTPOMbHOW rpynne. Ytobbi
OLEHWUTb MOAMMULMPOBAHHLIA METO4 W afanTupoBaTb paHee pas3paboTaHHbIi MEeToh aHanmM3a K KOHKPETHbIM
noTpebHOCTAM aHanu3a KpoBMW, AN MOATBEPXOEHUS 3TUX pesynbTatoB TpebyeTcs OTHOCUTENbHO Oonblimi pasmep
BbIOOpKM.

Knroyeenie cnosa: memabonuyeckuli CuHOPOM, sumamuHbi epynnbi B, BOXX.

Tyvingeme
METABOJIU3M CUHOPOMbI XXAFOAUBIHOAFbI
«B» TOBbIHOAFbl BUATAMMHAEP AEHIEUIH AHbIKTAY YWIIH
XKOFAPDbI TUIMAINIK CYUbIK XPOMATOINPA®UANDBIK TANOAY
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©3exTiniri: KaH nnasmachbl KypamblHaarsl B BuTammHaep aeHreniH 3epttey metabonuam cuHapombid (MC), xypek-
Tamblp aypynapbl MeH 2 TUNTi KaHT AuabeTiHiH Aamy bIKTMMandblFbiH apTThipaTbliH Kayin (hakTopnapbiHblH, TO6bIH
aHbIKTayaa MaHbI3gsl 6onybl MyMKiH. B ToObIHbIH BUTaMUHAEpi, atan antkaHga tmamud (B1), pubodnasuH (B2), naHtoteH
KbIWKbinbl (B5), nupugokeuH (B6), 6uotuH (B7), donui Keiwkbinbl (B9) xaHe kobanamuH (B12), sHeprus eHgipy, AHK
CUHTE3i XOHE XYMKE KYIECi KbI3METTEPIH bIHTanaHabIpy CUSKTbI aF3agarbl kentereH Metabonuam yHKUMANaps! YLWiH eTe
MaHbI3gbl. Ocbl B BUTaMuHaepiHiH, xeTKinikcis aeHreiti Hemece Bipkenki emec apakaTbiHachl MeTabonmam CMHOPOMbIHBIH
nanga 6onybliHa XaHe epLuyiHe biKnan eTyi MyMKiH.

Makcartbl: xoFapbl HOTWXENI CyiiblKk xpomatorpadms (XKHCX) agicimeH meTabonmam cuHapombl 6ap HaykacTapablH,
KaH nnasmacblHgarsl B sutamunzepi (B1, B2, BS, B6, B7, B9 xoHe B12) aeHreliHiH BaprauusCbiH aHbIKTay.

Matepuangap MeH Tacingep. 3epTTeyre KoCyFa Kputepuinepre cai mMeTabonnam CMHAPOMbI AMarHo3bl aHbIKTarnfaH
15 xapampbl NaumeHT xaHe feHi cay 15 agam XXHCX agicimeH B TobbiHaarsl (B1, B2, B5, B6, B7, B9, B12) ButamuHaep
AEHreiinepiH aHblkTay YiH Tangangsl. Metabonuam cuHgpombl 6ap HaykacTap MeH cay agamaapibiH B ButamuHgep
KOHLIEHTpaLuscbl AeHrennepi 6onbIHILA KaH Nna3macs! ynrinepi anbiHbIn, 3epTTengi.

Hotuxenep meH Tanpaynap. 3epTTey HoTwxenepi metabonmam cungpomsl 6ap agampapga B2, B12 xoHe B6
BUTAMUHAEPIHIH, KaH4aFbl AEeHreni autapnblKTai KoFapbinaraHbiH, an B9 ButamuHi KOHUeHTpauusicel Bakbinay TobbiHa
KaparaHza antapnbiKTan TOMeH ekeHiH kepceTTi. MogudukaumsanaxraH aaicTi baranay xaHe BypbiH d3iprieHreH Tangay
S[iCIH KaH CbiHaYbIHbIH HAKTbl KaXeTTinikrepiHe 6eiiMaey yLiH OCbl HOTWXenepai pacTay YLiH CanbicTbipMansl Typae
3epTTenyLui agamaap caHbl YNKEeHIpeK 3epTTeynep Kaxer.

Tytindi ce3dep: memabonuam cuHopomsl, B eumamurdepi, KHCX.
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Background:

Metabolic syndrome (MetS) encompasses a range of
pathological conditions, such as central and abdominal
obesity, insulin resistance, arterial hypertension, and
dyslipidemia. MetS is commonly observed in individuals
with morbid obesity and is linked to a 5-fold risk of type 2
diabetes and a 2-fold risk of cardiovascular complications
[1]. The presence of MetS in the general population is
associated with early carotid atherosclerosis, indicating that
it plays a significant role in the initiation of the
atherosclerotic process [2]. The rapid rise in the prevalence
of MetS has made it a global health issue. Although the
precise mechanisms leading to the development of MetS
are not yet entirely understood, visceral adiposity and an
increase in very-low-density lipoprotein and fatty acid
synthesis are believed to be key contributing factors. While
pharmaceutical therapies are available to address the
individual components of MetS, the relationship between
MetS and the supplementation of B vitamins, specifically
folic acid and vitamin B12, has received worldwide
attention, with numerous trials examining the potential
benefits of vitamin supplementation for MetS. According to
research, vitamin B12 and folate supplementation,
alongside a variety of innovative therapies, have a
significant positive impact on MetS [3].

The folate cofactor (vitamin B9) mediates one-carbon
(1C) metabolism, which supports various physiological
processes [4]. One-carbon (1C) metabolism is a complex
system of metabolic pathways that includes the methionine
and folate cycles, both of which are critical to cellular
function. These pathways provide 1C units (methyl groups)
that are essential for synthesizing DNA, amino acids,
polyamines, creatine, and phospholipids, among other
things [5]. The interlinking metabolic pathways involved in
one-carbon (1C) metabolism, including the methionine and
folate cycles [6]. Disruption of these cycles due to a deficit
in vitamin B12 and/or folate can have downstream effects
on cellular processes that require 1C units [7].

Riboflavin ~ (vitamin ~ B2)-dependent  enzymes,
methylenetetrahydrofolate  reductase  (MTHFR), and
methionine synthase reductase (MTRR) participate in
homocysteine metabolism [8].

Low levels of vitamin B12 and folic acid can result in
mild  hyperhomocysteinemia, which is a proven
cardiovascular risk marker. Decreased levels of vitamin B2,
vitamin B12, and folic acid have been observed in both
obesity and metabolic syndrome groups, and hypertensive
patients have been found to have significantly lower folate
plasma concentrations compared to control subjects [9].
Blood plasma analysis for B vitamins can aid in the
diagnosis of metabolic syndrome, a cluster of risk factors
that increase the likelihood of developing cardiovascular
disease and type 2 diabetes. B vitamins, including vitamin
B6, vitamin B9, and vitamin B12, are crucial for various
metabolic processes in the body, such as energy
production, DNA synthesis, and nerve function, and
deficiencies or imbalances in these B vitamins can
contribute to the development and progression of MetS.

2. Materials and methods

2.1 Ethics statement

Before participating in this study, all individuals were
asked to provide written informed consent, and the study
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protocol received approval from the Local Ethical
Committee of Semey Medical University.

2.2 Study subjects

A total of 30 individuals residing in Almaty city and
surrounding areas were randomly recruited for a
comprehensive analysis of B vitamins (B1, B2, B5, B6, B7,
B9, B12) levels in their blood plasma. Out of the 30
participants, 15 female subjects diagnosed with MetS were
randomly selected from one of outpatient clinics in Almaty
city. These participants were confirmed to have MetS based
on the presence of at least three of the following criteria;
resting blood pressure =130/85 mmHg, fasting serum
triglycerides =1.7 mmol/L, high-density lipoprotein
cholesterol (HDL-C) <1.30 mmol/lL in females and 1.03
mmol/L in males, fasting plasma glucose =5.6 mmol/L, and
waist circumference =94 c¢m in males and 280 cm in
females. In contrast, the control group was composed of
nine women and six men who were deemed to be healthy
and of normal weight. Prior to the study, all participants
were informed of the procedures and provided their written
consent to participate. The study was approved by the
Local Ethical Committee of Semey Medical University.

2.3 Blood samples

Blood samples were taken from study participants in the
morning between 7 am and 10 am, following a standardized
fasting period. The samples were collected using EDTA K3
vacutainer tubes, and plasma was separated from the
whole blood. To ensure the integrity of the samples, the
plasma was stored at -70°C within four hours of collection
and kept frozen for a period of two weeks to two months
until the analysis of plasma B vitamins was conducted.

2.4 Sample Preparation

Upon thawing, plasma samples were subjected to
preparation using HPLC grade acetonitrile in a 1:1 (v/v)
ratio, with 300 pl of the solvent added to 300 pl of the
plasma sample. The mixture was then thoroughly shaken
and subsequently centrifuged at 14000xg for 10 minutes,
with the temperature maintained at 4 <C. Following
centrifugation, 300 pl of the supernatant was carefully
collected and transferred to vials for subsequent HPLC
analysis.

2.5. Chromatographic system

In this study, a Shimadzu LC-20AD Prominence HPLC
Pump dual piston, column oven CTO-30A, and SPD-20A
dual-wavelength mode UV-VIS Detector were utilized as the
HPLC system. The separation of Vitamin B complex was
achieved through the use of two mobile phases. The first
mobile phase, mobile phase A, was composed of 100%
HPLC grade acetonitrile while mobile phase B was a
mixture of 99.9% HPLC grade water, 0.1% phosphoric acid,
and 25 mmol sodium dihydrogen phosphate. Prior to use,
all buffers underwent filtration through a 0.2-um filter and
were degassed.

The HPLC system used for the chromatographic
separation was a Shimadzu Prominence LC-20 system
(Shimadzu, Japan) that was equipped with a UV detector
(SPD-20A) and a fluorescent detector (RF-10AXL).
Additionally, the HPLC system was fitted with a binary pump
(LC-20AD), an autosampler (SIL-20AC), a degasser (DGU-
20A5), and a column oven (CTO-20A) that were controlled by
LC Solution. To separate samples, a Supelco Ascentis C18
HPLC column (250 mm x 4.6 mm, 5 um) was used.
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The UV detection was carried out at 210nm, and the flow
rate of the mobile phase was set at 0.5 ml/min with gradient
elution: 0 min — 100% B; 0-10 min — 70% B, 10-25 min — 100%
B. The total HPLC run time for the separation of the Vitamin B
complex in a single sample or standard was 25 min.

The method utilized to determine the levels of Vitamin B
in body fluids and plants was previously developed at the
Food and Environmental Safety Laboratory of the
Kazakhstan-Japan Innovation Center KazNARU.

2.6 Calculations and statistics

Statistical analysis was conducted to determine whether
there were significant differences between two sets of

vitamins B data, using the Mann-Whitney test for
independent samples. All calculations were carried out
using IBM SPSS version 23.0 and JMP version 7.0 for
Windows (JMP Statistical Discovery LLC, www.jmp.com).

3. Results and discussion

In this study, a quantitative analysis of seven B vitamins,
namely vitamin B1, B2, B5, B6, B7, B9 and vitamin B12, was
performed on 21-30 samples of blood plasma.

The findings demonstrate a notable contrast in plasma
levels of vitamins B between the two cohorts. (Table 1).

Table 1.
Comparison of plasma levels of vitamins group B between patients with MetS and apparently healthy subjects*.
B1 B2 B5 B6 B7 B9 B12
Total Number 25 21 22 26 26 24 25
Mann-Whitney U 43.000 28.000 44.000 73.500 118.000 118.000 4.000
Test Statistic 43.000 28.000 44.000 73.500 118.000 118.000 4.000
Standard Error 8.165 14.067 15.229 19.497 19.500 17.231 8.485
Exact Sig. (2-sided test) .028 .069 .300 579 .091 .007 .005
Picture 1. Vitamin B9 levels in patients with MetS and apparently healthy subjects*
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patients with MetS; 2 - apparently healthy subjects
*Mann-Whitney test, p=0.007

The present study unveiled a significant difference in
the values of B1, B9 and B12 between the MetS and control

groups.
Vitamin B1 (thiamine) plays a critical role in
carbohydrate  metabolism  through TPP  (thiamine

pyrophosphate) as an indispensable cofactor for pyruvate
dehydrogenase. Without TPP, the entry into the Krebs cycle
is blocked, leading to lactate accumulation. TPP is also an
essential cofactor of the enzymes a-ketoglutarate
dehydrogenase for conversion to succinyl CoA in the Krebs
cycle and Transketolase in the pentose phosphate pathway
for energy production [10] Previous studies established that
thiamine levels were lower in metabolic syndrome subjects
than in controls [11][12][13].

Folate from diet or supplements can donate a carbon
group to homocysteine, which can be either methylated into
methionine or degraded into cysteine, with vitamins B6 and
B12 serving as essential coenzymes [14].

Although homocysteine (Hcy) levels were not analyzed in
this study, high plasma homocysteine levels are known to be
independently associated with MetS. Elevated total
homocysteine levels and low folate levels, but not vitamin
B12 levels, are significantly associated with hypertension
[15]. Vitamin B12 deficiency is prevalent in type 2 diabetes
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patients and is associated with adverse lipid parameters [16].
In the obesity and MetS groups, significantly decreased levels
of vitamin E, vitamin B2, vitamin B12, and folic acid, and
increased levels of vitamin B1 were observed [17]. Folate
serum concentration was negatively correlated with plasma
homocysteine [18]. Hcy is an intermediate compound in
methionine metabolism, and the remethylation of Hcy is
promoted by vitamin B12 and folate in one-carbon
metabolism.

Vitamin B9 plays a crucial role in the conversion of
homocysteine (Hcy) to cystathionine. In cases where there is
a deficiency of folate, vitamin B12, or vitamin B6,
hyperhomocysteinemia may develop. This condition is
characterized by elevated levels of Hey, which in turn leads to
an increase in the concentration of S-adenosylhomocysteine
(SAH). High levels of SAH can inhibit methylation reactions
that rely on S-adenosylmethionine (SAM) [19]. Low serum
vitamin B12 levels are independently associated with
abnormal lipid profiles in healthy individuals. [20]. However,
earlier studies have shown an age-dependent increase in
vitamin B12 in the blood. The slight upward trend in serum
levels of the vitamins B12, along with the findings of a study
on vitamin intake among the elderly, confirms that most older
adults supplement their diet with vitamins [21].



http://www.jmp.com/

Hayka u 3apaBooxpanenue, 2023 2 (T.25)

Opnrnna.m;noe HCCJICA0OBAHHUE

The method for determining fluctuations in the level of B
vitamins in the blood plasma of patients with MetS by HPLC
had previously been developed for other biological objects,
and it was necessary to modify it to suit the specific
requirements of blood analysis. The sample size used in
this study was 30, which is considered insufficient. Further
studies with a relatively larger sample sizes are required to
confirm our findings.
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