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Abstract

Introduction: The determination of metabotype variations can be used to predict disease risk and
diagnosis, understand molecular pathophysiology, interpret the understanding of environmental and
lifestyle influences, develop and evaluate drug efficacy, toxicity, and adverse reactions.

Aim: In this study metabolic differences among adults living in Kazakhstan are assessed to
identify and characterize the metabolic profiles and profiles of clinical biomarkers.

Materials and Methods: Observational trans-sectional study of healthy Kazakhs. To perform the
tasks, metabolom study of plasma was conducted among 74 Kazakh nationality study participants.
The study was carried out on a platform based on tandem technology of ultra-high liquid
chromatography and mass spectroscopy (Ultrahigh Performance Liquid Chromatography-Tandem
Mass Spectroscopy (UPLC-MS / MS)). The determination of the level of biochemical indices in blood
serum was performed on a biochemical analyzer Cobas 6000, Roche Diagnostics. The necessary
logarithmic transformation and ANOVA variance analysis, a two-sample Welch t-test, were performed
to determine the bio-compounds that differed significantly between the experimental groups.

Results: The study was conducted to gain an understanding of the metabolic changes that occur
in young adults and adults over 45 years. As a result of 74 participants, 853 different biochemical
indicators of the main pathways for the metabolism of amino acids, pethids, nucleotides,
carbohydrates, cofactors and vitamins, xenobiotics, lipid and energy metabolism were identified.

Conclusion: The changes in several known metabolites and various prospective metabolic
pathways in the group older than 45 years are found compared to a group of young people. Metabolic
differences included changes in metabolites associated with the metabolism of fatty acids,
steroidogenesis (steroid hormone biosynthesis), secondary carnitine metabolism, inflammation and
oxidative stress.
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Beepenune: OnpegeneHve Bapuaunidi pasnnyHbiX METabONMMTOB MOXET NPUMEHSTbCH AN
NMPOrHO3MPOBaHMS pucka 3aboneBaHnst W AUArHOCTUKW, MOHUMAHUS MOMEKYNSPHON NaToU3NONOTAN,
Npu WHTEPMpeTaunn MOHUMaHWS BIMSHWS OKpyXatowen cpedbl M obpasa XW3HW, a Takke npu
paspaboTke W oOueHKe 3PPEKTUBHOCTM NEKAPCTBEHHBIX MpenapaToB, TOKCWYHOCTU U MOBOYHbIX
peakuuit.

Lenb: B paHHoit paboTe npoBedeHa OLUEHKa MeTabonMueckux pasnuunii cpegu B3pOCHoro
HaceneHns, MpOXMBalLLEro Ha Tepputopun KasaxctaHa Ans BbISBMEHUS W XapaKTepUCTUKM
MeTabonuyeckux npocunen 1 Bromapkepos.

Matepuanbl ¥ Mmetofbl: OOHOMOMEHTHOE TPaHC-CEKUMOHHOE WCCNEAoBaHWe MpaKTUYECK
300pOBbIX Ka3axoB. [ins BbINOMHEHMs 3a4ay NPOBOAMMOCH cCnefoBaHMe MeTabonoma nnasmbl KpOBM
y 74 y4yaCTHMKOB WCCNEAOBaHWS Kal3axXCKOM HaLMOHanbHOCTW. lccnegoBaHue npoBOAMIOCH Ha
nnatopme nNo TaHLEMHOM TEXHOMOrMM CBEPXBLICOKOM JKMAKOCTHOM Xpomarorpadum u  macc-
cnektpockonmusa (Ultrahigh Performance Liquid Chromatography-Tandem Mass Spectroscopy (UPLC-
MS/MS)). MpoBeaeHo Heobxoaumoe norapudmuyeckoe npeobpasosanne n ANOVA AuCnepCroHHbIN
aHanus, AByxBblbopouHbIi t-test Yanua ans onpepenedns BuocoeduHEHWA, KOTOpble OTNMYANUCh
3HAUMTENBHO MEXY SKCMEPUMEHTANBHBIMI rPyNNamu.

Pesynbtathl: Wccnegosavne Obino  NpoBedEHO C  LEMb  MOMyYWTb MPeAcTaBneHue o
MeTabonnyecknx M3MEHEHUSX, KOTOpble NMPOUCXOAAT Y MONOAbIX W B3poCnbix Nny, cTapiie 45 net. B
pesynbTate MeTabONMOMHOTO aHanmusa 74 y4aCTHUKOB MCCeaoBaHWs onpefeneHo 853 pasnuyHbIX
BroxMmMmMYecknx nokasatens OCHOBHbIX NMyTen MeTabonusMa aMWHOKMCNOT, NENTWAOB, HYKNEOTUOOB,
YrMeBoA0B, KOaKTOPOB M BUTAMUHOB, KCEHOOMOTUKOB, IMMULHOMO M SHEPrETUYECKOro 0bMeHa.

BbiBogbl: O6HapyxeHbl M3MEHEHWS! HECKOMbKWX W3BECTHLIX METabonuToB M MeTabonnuyeckux
nyTen y rpynnbl cTaplue 45 net no CpaBHEHMIO C rPynnon mMonodbix muu. Metabonuyeckme pasnuuns
BKMKOYANN W3MEHeHUs MeTabonnToB, CBS3aHHbIX C OBMEHOM JKMPHBIX KWUCMOT, CTEPOMUZOreHe3oM
(brocuHTE3 CTEPOMAHBIX TOPMOHOB), C NPOLECCaMM BOCMANEHUs U OKCUAATUBHOTO CTpecca.

Knroyeebie cnosa: MemabonomHbIl aHanus, memabonumsi, kapduomemabonuyeckue HapyweHUus,
Ka3axckasi nonynsyusi.
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Kipicne: ©ptypni meTabonuTTepaiH BapuauMaChlH aHbIKTay SAiCiH aypy Kayin-katepiH 6omxay
KOHE [MarHo3 KoK Kesfe, MONEKynsapnblK naTtouanonorsiHbl TYCiHY YLWiH, KOpLaraH opTa XaHe
©Mip CanTblHbIH, bIKNanblH TangaFaH kesge, COHbIMEH KaTap Aopinik npenapattapdbl 3epTTey kesade
TUIMAINIriH, YNbINbIFbIH, KOCbIMLWA peakumanapabl bafanay yLwiH KongaHyFa 6onage!.

Makcatbl: Ocbl xo0b6aga meTabonuTTik npodunbaepi xoHe OuOMapkepaepai aHblKTay XoHe
cunatray MakcaTtbiHda KasakcraH TepputopusiCbiHAa TypaTblH €epecek afampap apacblHhafbl
MeTabonuTTiK ailbipmMalUbinblKk 6aFanay opblHAanAab!.

Matepuangap meH Daictep: 3epTTey AnsaiHbl: Kasak agamgapblH 6ip CoTTi TpaHC-CEKLUMOHAbI
Gakbinay. MakcaTTbl OpblHAAy VLWiH 3epTTeyre KaTbiCkaH 74 Kasak YNTTblH ©KingepaeH KaH
nnas3mHblH, MeTabonomFa 3epTey Xyprisingi.3epTrey WamagaH TbIC XOFapbl CYMbIK XpoMaTorpadus
XoHe macc-cnektpockonusaHblH, (Ultrahigh Performance Liquid Chromatography-Tandem Mass
Spectroscopy (UPLC-MS/MS)) Tangemai TexHonorusicel 6oWbiHWA nnaTtopmaga  eTkisingi.
Toxipnbenik TonTap apacbiHaa anTapnblKTan epeKwWweneHreH GronoruanblK KOChINbICTapabl aHbIKTay
YWiH KaxeTTi norapudmaik Typnexgipynep xaHe ANOVA aucnepcTik Tangaybl, eki Tangaynbl Yanc t-
TecTi eTKi3ingi.

HoaTtuxenepi: 3epTTey xac xoHe 45 xacTaH Xofapbl epecek agampapfa eTeTiH MeTabonuTTik
e3repicTep Typanbl TYCiHiK any MakcaTbiHAa eTKi3inai. 74 3epTTeyre KatbiCyLbinapasl MeTabonomablk
Tangay HaTWXeCiHAe aMUHKbILLKbINAAp, NenTuaTep, HyKNeoTuaTtep, kemipcynap, Kogaktopnap MeH
LOPYMEHAEP, KCEHOBUOTUKTEP, NMUMMATIK XOHE 3HeprusnblK anMacy OoMbliHIWA Herisri MeTabonuam
XongapbiHblH 853 Typni BUOXUMUANbIK KepceTKiLTepi aHbIKTanabl.

KopbITbIHAbI: 45 kactaH xofapbl agamaap TobblHOa xac agampap TobbIMeH CanbICTbipFaHaa
GipHewwe Genrini meTabonuTTep MeH MeTaboNMTTIK Xonaapaa e3srepictep aHbikTangbl. MeTtabonuTTik
aiblpMallbibIKTapFa  Mal  KblWKbINAapbl — anmacybiMeH,  CTepouporeHe3beH  (CTepouaTbl
ropmMoHaapAblH brocuHTesi), KabblHy YPAICTEPI MEH OKCMAATWBTI cTpeccrneH BainaHbICTbl e3repictep
KipAi.

Tylin  ce3dep: memabonomOblk  manday, Mmemabonummep,  Kapduomemabonummik
3aKbIMOaHynap, Kasak nonynsyuscol.
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Introduction

Metabolom is a collection of all metabolites
that are the final product of metabolism in a cell,
tissue, organ or organism [8]. At present,
numerous  biochemical methods for the
determination of specific metabolites in liquids or
tissues of the human body are used in diagnosis.
Metabolomics  reveals the essence of
intermediate phenotypes (changes in metabolite
levels) in relation to genomic and proteomic data,
the influence of the environment. Metabolites are
considered not only as the main indicators for
establishing the final diagnosis of certain
diseases, but also as a basis for studying the
pathophysiological processes of various human
diseases. A thorough study of the amount of
metabolites in the human body provides an
opportunity to evaluate the metabolic phenotype
of a person, also known as a metabotype. The
determination of metabotype variations can be
used to predict disease risk and diagnosis,
understand molecular pathophysiology, interpret
the understanding of environmental and lifestyle
influences, develop and evaluate drug efficacy,
toxicity, and adverse reactions [3].

The epidemic increase in obesity, insulin
resistance and type 2 diabetes has put society at
a dramatic increase in the risk of developing
atherosclerotic diseases and the consequent
increase in mortality worldwide [13,6,7,9,5].

The main causes of death in Kazakhstan in
2003 were cardiovascular diseases,
corresponding to 57% of overall mortality. Half of
these due to ischaemic heart disease and one
third due to cerebrovascular diseases [12]

As indicated in numerous studies, the
relationship between the development of
cardiovascular diseases and the metabolic
syndrome is characterized by obesity and an
increase in visceral fat, arterial hypertension,
insulin resistance (a decrease in the sensitivity of
tissues to insulin and hyperinsulinemia) that
cause the development of violations of
carbohydrate, lipid, purine metabolism. Metabolic
syndrome is a big problem and significantly
increases the disability and mortality of the
population. In Kazakhstan, the problem of
metabolic syndrome is also topical, Kazakh
scientists are studying various aspects of the
metabolic syndrome, a lot of different scientific
papers are devoted on this issue [1,2,10,11,4].
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The main idea of the study is to estimate
differences among the adult population in
Kazakhstan for the detection and characterization
of metabolic profiles, depending on age and body
weight.

Methods

Experimental design: A total of 74 plasma
samples from experimental groups, including
young non-obese, young obese, old non-obese
and old obese were provided for metabolomics
analysis. All study participants were over 18 years
of age, Kazakh nationality and without chronic
diseases. The study protocol, informed consent
and other types of recruiting were examined at the
Local Ethics Committee of the “Center for Life
Sciences” (extract from Protocol No. 16 dated
11.03.2015 of the Ethical Commission meeting at
the Center for Life Sciences, Nazarbayev
University). Global metabolic profiles were
determined from the experimental groups outlined
in the table 1. The study and analysis of the
complete metabolome of 74 study participants
were conducted in the “Metabolon” company, USA.

Sample accessioning: For each participant of
the study, blood was taken to sterile vacutainers
with K3-EDTA with clot activator and gel
separator. After separation of blood components
into plasma, serum and cells, the composite
components were stored at -80°C until
processed. Each sample was accessioned into
the LIMS system (Laboratory Information
Management System) and was assigned a
unique identifier that was associated with the
original source identifier to track all sample
handling, tasks, results, etc.

Sample preparation: Samples were prepared
using the automated MicroLab STAR® system
from Hamilton Company. Several recovery
standards were used for quality control purposes.
The resulting extract was divided into five
fractions: two for analysis by two separate reverse
phase (RP)/UPLC-MS/MS methods with positive
ion mode electrospray ionization (ESI), one for
analysis by RP/UPLC-MS/MS with negative ion
mode ESI, one for analysis by HILIC/UPLC-
MS/MS with negative ion mode ESI, and one
sample was reserved for backup. Samples were
placed briefly on a TurboVap® (Zymark) to
remove the organic solvent. The sample extracts
were stored overnight under nitrogen before
preparation for analysis.
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Quality control: Several types of controls
were analyzed in concert with the experimental
samples: use of a pool of well-characterized
human plasma served as a technical replicate
throughout the data set; extracted water samples
served as process blanks; and a cocktail of QC

standards allowed instrument performance
monitoring and  aided  chromatographic
alignment.

Ultrahigh performance liquid chromatography-
Tandem mass spectroscopy (UPLC-MS/MS): All
methods utilized a Waters ACQUITY ultra-
performance liquid chromatography (UPLC) and a
Thermo Scientific Q-Exactive high
resolution/accurate mass spectrometer interfaced
with a heated electrospray ionization (HESI-II)
source and Orbitrap mass analyzer operated at
35,000 mass resolution. The sample extract was
dried then reconstituted in solvents compatible to
each of the four methods. Each reconstitution
solvent contained a series of standards at fixed
concentrations to  ensure injection and
chromatographic consistency.

Bioinformatics:  The informatics  system
consisted of four major components, the
Laboratory Information Management System
(LIMS), the data extraction and peak-identification
software, data processing tools for QC and
compound identification, and a collection of

information interpretation and visualization tools
for use by data analysts. The hardware and
software foundations for these informatics
components were the LAN backbone, and a

database server running Oracle 10.2.0.1
Enterprise Edition.
More than 3300 commercially available

purified standard compounds have been acquired
and registered into LIMS for analysis on all
platforms for determination of their analytical
characteristics. Additional mass spectral entries
have been created for structurally unnamed
biochemicals, which have been identified by
vitue of their recurrent nature (both
chromatographic and mass spectral). These
compounds have the potential to be identified by
future acquisition of a matching purified standard
or by classical structural analysis.

The following statistical analyses were
performed in this study: Welch’s two-sample t-
test, matched pairs t-test, one-way and two-way
ANOVA, p-values, g-values, Random forest and
Principal component analysis.

Results

Metabolic indices were studied in blood plasma of
74 individuals of Kazakh nationality, taking into
account age and body weight. The collected samples
are divided into 4 groups depending on age and
obesity status (Table 1).

Table 1.
Description of experimental groups.
GROUP GROUP n GROUP DESCRIPTION
NUMBER

Old and Obese 1 16 age =45y, BMI = 30
Old and Non-obese 2 18 age =45y, BMI < 30
Young and Obese 3 18 age <45y, BMI = 30
Young and Non-obese 4 22 age <45y, BMI < 30

As a result of metabolomic analysis the
present dataset comprises a total of 853
compounds of known identity (named
biochemicals). Following log transformation and
imputation of missing values, if any, with the
minimum observed value for each compound,
ANOVA contrasts and Welch's two-sample t-test
were used to identify biochemicals that differed
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significantly between experimental groups. A
summary of the numbers of biochemicals that
achieved statistical significance (p<0.05), as well
as those approaching significance (0.05<p<0.10),
is shown in Tables 2 and 3. Analysis by two-way
ANOVA identified  biochemicals  exhibiting
significant interaction and main effects for
experimental parameters of age and obesity.
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Table 2.
The number of metabolites that showed statistical significance.
ANOVA Main Effects
Sltat|st|callly Significant Age Obesity Obesﬂy:Age
Biochemicals Interaction
Total Biochemicals p<0.05 195 158 49
Total Biochemicals
0.05<p<0.10 62 76 42
Table 3.

Statistical comparisons of study groups for 853 named metabolites (bio-compounds) that
showed changes in study participants.

Statistical comparisons

Statisticallv Sianificant Total Biochemicals Total Biochemicals
Biochimigals Biochemicals | (1]/increased | Biochemicals | (1]/increased
p<0.05 decreased) 0.05<p<0.10 decreased)
ANOVA Contrasts
Old Non-obese 94 53|41 69 42|27
Young Obese 164 118}46 73 49]24
Old obese Young non-obese 244 191]53 59 4118
Old non-obese Young obese 133 59|74 64 28|36
Obese Young 121 76|45 52 31|21
Non-obese old 102 88|14 64 48)16
Welch's Two-Sample t-Test

Young non-obese 141 120|21 64 50[14
Male Young obese 192 150)42 75 48|27
Female | 0id non-obese 59 30]29 48 22/26
Old obese 93 70|23 66 42|24

Random Forest Analysis shows an ability to
segregate groups based on metabolic profile.
Random Forest Analysis (RF) is an unbiased
and supervised classification technique based
on an ensemble of a large number of decision
trees. Using the primary groupings of old, young,
obese and nonobese, RF classification analysis
of plasma metabolic profiles resulted in
predictive accuracy of approximately 80% in
differentiating either the old vs young or obese
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and nonobese subjects which is greater than
one would expect by random chance alone (50%
accuracy for two groups), indicating that
differences in biochemical profiles between
groups may be suitable for biomarker discovery
(Figure 1,2). In addition to this, RF classification
analysis of all subjects resulted in a predictive
accuracy of 64% which is greater than random
chance (that is, 25% accuracy), further
supporting the distinction between groups as
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noted earlier. Consistently found across these
multiple random forest analyses was the
presence of lipid-related compounds among the
most important molecules contributing to group
segregation. Many of these lipid-related
metabolic changes are discussed below.

Fatty acid metabolism: Several medium-
chain, long-chain, polyunsaturated, and
branched-chain free fatty acids (FFA) were
found to be significant higher within the older
Kazakhstan subjects when contrasted with
younger subjects. Furthermore, this was found
to be most prevalent within the older obese
subjects in relation to the non-obese subjects.
Differences in fatty acid availability are often
indicative of a change in lipid hydrolysis, fatty
acid synthesis, and/or mitochondrial  f-
oxidation. Consistent with the elevated free
fatty acids, elevated levels of carnitine-
conjugated lipids including laurylcarnitine,
myristoylcarnitine,  palmitoylcarnitine,  and
palmitoleoylcarnitine among others were also
observed in the older subjects in relation to

younger subjects which, when combined, may
be indicative of increased transport and
subsequent fatty acid B-oxidation in older and
obese subjects.

Indeed, higher levels of acetylcarnitine
(facilitates the movement of acetyl CoA into the
matrices of the mitochondria during the
oxidation of fatty acids) suggests increased f-
oxidation in older subjects. Furthermore, as
found in the earlier dataset, there were also
significantly higher levels of the ketone body 3-
hydroxybutyrate  (BHBA) which can be
generated from excess acetyl-CoA production
during mitochondrial B-oxidation in the older
subjects that was also most prevalent within the
obese subjects. Interestingly, there was also a
large accumulation of diacylglycerols within the
obese in relation to nonobese subjects, which
may be a further indication of increased
lipolysis within obese subjects. These changes
are consistent with increased free fatty acid
accumulation and altered fatty acid oxidation in
older subjects as indicated earlier.

15-methylpalmitate [ ]
10-nonadecenoate (19:1n9) [ )
10-heptadecenoate (17:1n7) [ ]

17-methylstearate

margarate (17:0)

sphingomyelin (d18:1/19:0 d19:1/18:0)*
vanillylmandelate (VMA)

pentadecanoate (15:0)

N6-succinyladenosine

4-hydroxyphenylacetylglutamine

octadecanedioate

N-palmitoyl-heptadecasphingosine (d17...
eicosenoate (20:1)

16-hydroxypalmitate

sphingomyelin (d17:1/16:0 d18:1/15:0 d16:1/17:0)*
4-acetamidobutanoate

glycosyl ceramide (d16:1/24:1 d18:1/22:1)*

sphingomyelin (d18:1/17:0 d17:1/18:0 d19:1/16:0)

Increasmg 3-hydroxy-2-ethylpropionate
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to Group
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@ Amino Acid

@ Lipid
Nucleotide
Peptide

@ Xenobiotics

margaroylcarnitine*

1 7-dimethylurate
pregnanediol-3-glucuronide
3-methoxytyrosine

sphingomyelin (d17:2/16:0 d18:2/15:0)*
3-methyladipate

myristate (14:0)

methionine

docosapentaenoate (n3 DPA 22:5n3)
palmitoleate (16:1n7)
dehydroisoandrosterone sulfate (DHEA-S)

)
00000004,

4 5 6 7 8

mean-decrease-accuracy

Figure 1. Random Forest classification using named metabolites
in the old compared to young subjects gave a predictive accuracy of 79%.
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Dicarboxylate fatty acids: While the primary
route of fatty acid oxidation occurs through B-
oxidation in the mitochondria and peroxisomes,
w-oxidation of fatty acids in the smooth
endoplasmic  reticulum can also occur,
especially as a rescue pathway in genetic
disorders where peroxisomal or mitochondrial
fatty acid oxidation may be impaired. In the
case of the older subjects, there were
significant accumulations of dicarboxylic acids
(DCAs) including pimelate, dodecanedioate,

tetradecanedioate, hexadecanedioate and  subjects.
1-(1-enyl-palmitoyl)-2-linoleoyl-GPC ... o
palmitoyl-linoleoyl-glycerol (16:0/18... .
alpha-ketoglutarate
A stearoyl-linoleoyl-glycerol (18:0/18:... o
kynurenate ()
sphingomyelin (d18:0/18:0 d19:0/17:0)* .
4 N6-carbamoylthreonyladenosine
quinolinate (@)
1-(1-enyl-palmitoyl)-2-linoleoyl-GPE ... .
palmitoyl-linoleoyl-glycerol (16:0/18... .
N2 N2-dimethylguanosine
Increasing 1-(1-enyl-palmitoyl)-2-oleoyl-GPC (P-... o
|mportance N-acetylglucosamine/N-acetylgalactosa... ()
to Group 1-linoleoyl-GPI (18:2)* o
. 7-methylguanine
Separation cystine ®
5-hydroxylysine o
palmitoyl-oleoyl-glycerol (16:0/18:1)... .
N1-methyladenosine
palmitoyl-oleoyl-glycerol (16:0/18:1)... .
benzoate ® @ Amino Acid
oleoyl-linoleoyl-glycerol (18:1/18:2)... . O Carbohydrate
C-glycosyltryptophan o . .
linoleoyl-arachidonoyl-glycerol (18:2... . . Cofactors and Vitamins
diacylglycerol (16:1/18:2 [2] 16:0/18:3 [1])* . Energy
phenylalanine o . Lipid
1-stearoyl-GPG (18:0) .. Nucleotide
1-palmitoyl-2-linoleoyl-GPI (16:0/18:2) L
tartronate (hydroxymalonate) o . Xenobiotics
dimethylglycine @

octadecanedioate, suggesting increased w-
oxidation of fatty acids in relation to younger
subjects. DCAs that are produced via the w-
oxidation pathway can then be either B-oxidized
in the mitochondria or peroxisomes as an
energy source and the accumulation of these
products may be an indication of altered or
perhaps overwhelmed fatty acid B-oxidation and
would be consistent with the previously noted
accumulations of FFA, acylcarnitines and the
ketone body BHBA in older (obese and all)

3.5 4 4.5 5
mean-decrease-accuracy

2.5 3 5.5

Figure 2 - Random Forest classification using named metabolites for the obese
compared to nonobese subjects gave a predictive accuracy of 81%.

Monohydroxy fatty acids and other markers of
oxidative stress: There were consistently higher
levels of monohydroxy fatty acids with older
subjects in relation to the young. Increased lipid
peroxidation can be a signature of elevated
oxidative stress impacting the membrane and can
be a result of an imbalance between reactive
oxygen species and the antioxidant systems. 2-
(D)-Hydroxy  fatty acids, such as 2-
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hydroxypalmitate and 2-hydroxystearate, are
conventional lipid components and are important
constituents of sphingolipids. 3-Hydroxy fatty
acids such as 3-hydroxyhexanoate, 3-
hydroxydecanoate, 3-hydroxysebacate and 3-
hydroxylaurate are formed during B -oxidation of
fatty acids in mammalian tissues with elevated
concentrations in blood indicative of disorders of
fatty acid oxidation. While traditional markers of
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oxidative stress, including changes in glutathione
(reduced or oxidized) levels, were not observed in
this study, differences in additional markers of
oxidative stress were present and included
elevated levels of cystine (the oxidized form of
cysteine) and cysteine glutathione disulfide within
the obese in relation to the nonobese subjects.
Additionally, xanthine which is generated from
hypoxanthine through the activity of xanthine
oxidase resulting in H20. formation was also
found to be significantly higher within the obese in
relation to the nonobese subjects and further
supports a higher level of oxidative stress in the
obese subjects.

Steroid levels decrease with age: There was
an age-dependent decrease in steroid hormone-

related  metabolites  including  significant
decreases with pregnenolone sulfate, 21-
hydroxypregnenolone monosulfate, 21-
hydroxypregnenolone disulfate, 17-alpha-

hydroxypregnenolone 3-sulfate, 5alpha-pregnan-
3beta 20-alpha-diol disulfate, 5-alpha-pregnan-
3(alpha or beta) 20-beta-diol disulfate among
others. Regardless of obesity status, steroid
levels were consistently lower within the older
subjects and are consistent with a decrease in
steroidogenesis with age.

Conclusion

Metabolic indices were studied in blood
plasma of 74 individuals of Kazakh nationality,
taking into account age and obesity. As a result of
metabolomic analysis a total of 853 compounds
of known identity (named biochemicals) were
identified. The vast majority were lipid-related and
included markers consistent with altered fatty acid
oxidation as observed in an accumulation of free
fatty acids and acylcarnitines along with the
ketone body BHBA and dicarboxylate fatty acids
within the older obese subjects. Additional
markers associated with oxidative stress,
including increased monohydroxy FAs and
cysteine glutathione disulfide, were also found
within older as well as obese subjects. There was
an age-dependent decrease in steroid hormone-
related metabolites. Regardless of obesity status,
steroid levels were consistently lower within the
older subjects and are consistent with a decrease
in steroidogenesis with age. Finally, for future
studies, since there is a strong lipid signature in
this study, it may be of interest to consider
complex lipid panel for quantitative assessment of
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complex lipid-related in future
metabolomics studies.

This study was carried out within the
framework of the project "Integral genomic and
metabolic analysis of cardiometabolic disorders in
the Kazakh population" under the budget program
of the Ministry of Education and Science of the
Republic of Kazakhstan 3907 / GF4 "Grant

financing of scientific research" for 2015-2017.
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