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Biochemical parameters of blood plasma of the male population
living on the territory of the Aral Sea

The Aral Sea ecological disaster zone affects the health status of the population living in this zone. Biochemi-
cal parameters are indicators of the metabolic functionality of the body. The article presents data about the
biochemical parameters of blood plasma in the male population living in the ecological crisis zone of the Aral
Sea region. It is shown that when determining the majority of indicators of biochemical analysis within the
physiological norm, there is a significant percentage of people with deviations in these indicators. Such data
make it possible to assume about the factors that can affect the entire population and have massive manifesta-
tions. Certainly, these factors, include the negative impact of the environment on public health. An increase in
gamma — glutamyltransferase was found in 41 % of the subjects, an increase in cholesterol in 38 % and an
increase in triglycerides in 34 %. In the inhabitants of the Aral Sea, a correlation was found between the bio-
chemical parameters of blood serum from the dose of chemicals. It was shown that long-term chemical load
in the crisis zone of the Aral Sea region causes a deviation of protein metabolism. The results obtained indi-
cate a significant percentage of people with metabolic stress in the process of adaptation to high chemical
load.

Keywords: a biochemical analysis, frequency of manifestation of a trait, metabolic parameters, gamma-
glutamyltransferase, environmental pollution, ecology.

Introduction

As a result of partial shallowing and drying of the Aral Sea, a technogenic biogeochemical province
arose in the Aral Sea region of Kazakhstan [1]. One of the risk factors in the Aral Sea region is persistent
chemical pollutants (POPs), which have the ability to influence metabolic processes in the human body, cre-
ating conditions for the development of various pathologies [2]. According to the comprehensive sanitary
and hygienic assessment (2014 — 2016), the hazard index of environmental pollution in the city of Aralsk is
at the level of 48 points, in accordance with this criterion, the territory belongs to the crisis zone [3].

Endotoxins can cause metabolic changes, which in turn is a pathogenetic link in the development of
metabolic syndrome, multiple organ failure, and ischemic damage [4—5]. There is no doubt that the greatest
effect in the prevention of organ disorders can be achieved at the initial stages, when prenosological mecha-
nisms has a leading role in the pathogenesis of the disease process [6].

It is known that the detoxification of chemical xenobiotics mainly occurs in the liver. Changes in the ac-
tivity of enzymes in the biological fluid (y-glutamyl transferase, alanine aminotransferase, aspartate ami-
notransferase) indicates a dysfunction of the hepatobiliary system. A decrease in the amount or function of
hepatic metabolic enzymes (gamma-glutamyl transpeptidase, albumin, alanine aminotransferase, aspartate
aminotransferase), indicates an increase in hydrolysis and a violation of biosynthetic processes in the liver.
Due to the fact that these enzymes normally bind and remove all toxins during the transport and metabolic
function, their reduction (hypoenzinomy) negatively affects the functional state of the body. As a result,
there is an accumulation of non-neutralized xenobiotics and various metabolic products and, as a result,
endotoxicosis develops. According to the literature data, indicators of biochemical blood test informatively
show the severity of metabolic disorders and the degree of adaptation to stressful situations [5, 7-9].

Currently, metabolic disorders are considered as one of the risk factors in the development of many dis-
orders and pathologies. This determines the relevance of the study of metabolic changes in the body in con-
ditions of ecological trouble.

The aim of the work was to determine the state of the metabolic status of men living in the ecological
crisis zone of the Aral Sea region.
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Methodology

Biochemical blood tests were carried out for 13 parameters of blood plasma — alanine aminotransfer-
ase (ALAT), aspartate aminotransferase (ASAT), total amylase, total protein, glucose, gamma-glutamyl
transferase (GGT), creatinine, urea, alkaline phosphatase (ALP), cholesterol, triglyceride acid (MC), uric
acid, medium molecules. A total of 209 men living in the city of Aralsk were examined. Biochemical studies
were performed on a StarDust MC-15 semi-automatic analyzer (Germany, 2010) using reagents from
«DyaSys».

To perform a biochemical blood test in men living in the city of Aralsk, a group was formed, which in-
cluded persons meeting the following criteria: a) age from 18 to 69 years; b) male persons; ¢) living in the
area for at least 10 years; d) having no contact with harmful working conditions.

The research materials were processed by mathematical and statistical methods using Statistica 10.0
software for statistical data processing. Statistical processing of the data included calculating the median,
arithmetic means (M), standard errors of arithmetic means (m), confidence intervals (CI), and standard de-
viation for variables with normal distribution. Normality of distribution was checked by evaluating the
Shapiro-Wilk test and the Kolmogorov-Smirnov test. To identify a linear relationship, Pearson's pair correla-
tion coefficient was used for indicators with a normal distribution.

Results and Discussion

Biochemical studies of blood plasma of the male population aged 18-69 years living in the city of
Aralsk are presented in Table 1 (quantitative analysis). A quantitative analysis showed that the average val-
ues of biochemical parameters in blood plasma of the male population living in the city of Aralsk were with-
in the physiological norm, the exception was the average value of total protein, which exceeded the estab-
lished norm by 3 units and amounted to 88 g/I. But it is worth noting that several indicators showed an ex-
cess of physiological norms at the upper limit of the confidence interval: asat — up to 39 U/L, total pro-
tein — up to 92 g/L, GGT — up to 43 U/L and triglycerides — up to 1.9 mmol/l.

Table 1
Biochemical parameters of blood plasma of the male population
living in the city of Aralsk (quantitative analysis)

Blood biochemical . . Standard

parameters (N=209) Physiological norms M ¢l deviation
ALAT Up to 40 units/l 27 20435 1.2
ASAT Up to 37 units/I 30 24+39 1.2
Amylase Up to 110 units/1 63 49+81 1.7
Total Protein 65-85 g/l 88 83+92 0.6
Glucose 4.2-6.2 mmol/L 4.4 4.1+4.8 0.09
GGT 7-32 units/l 29 24+43 1.4
Creatinine 62—115 mmol/l 75 65+84 1.1
Urea 1.7-8.3 mmol/l 34 2.5+4.4 0.1
ALP Up to 117 units/l 89 75+101 1.6
Cholesterol Up to 5.12 mmol/L 4.8 4.3+£5.8 0.2
Triglycerides 0.14-1.82 mmol/L 1.3 1+1.9 0.1
Uric acid 202416 mmol/L 315 247+347 13.4
Medium molecules 0.2-0.3 units/l 0.3 0.2+0.9 0.1

Although the mean values were within the physiological norm, it is important to emphasize that this re-
vealed a significant percentage of the subjects with deviations in several biochemical parameters. Frequency
biochemical analysis of the blood of the adult male population living in the city of Aralsk aged 18—69 years
has revealed that:

1) an increase in the ALAT content was observed in 16 % of the examined individuals;

2) an increase in ASAT in 27 %;

3) an increase in total protein in 61 %;

4) an increase in GGT in 41 %, an increase in cholesterol in 38 %;

5) an increase in triglycerides in 34 %;

6) an increase in medium molecules in 23 %.
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There was also a decrease in the content of such biochemical parameters as glucose (28 % of the sub-
jects), creatinine (14 % of the subjects), medium molecules (29 % of the subjects).

Thus, it can be noted that the biochemical parameters for which changes were most often found in fre-
quency analysis are total protein, GGT, cholesterol and triglycerides (Table 2).

Table 2
Biochemical parameters of blood plasma of the male population
living in the city of Aralsk (frequency analysis)
Blood biochemical Physiological norms Percentage of examined, % I Standard
parameters (N=209) Y g M=+m deviation

ALAT Up to 40 units/l

within normal limits 84+2.5 84.6+83.9 6.4

above normal limits 16£2.5 16.1+15.4 6.4
ASAT Up to 37 units/l

within normal limits 73+£3.1 78.8+66.6 9.5

above normal limits 27+£3.1 33.4+21.1 9.5
Amylase Up to 110 units/I

within normal limits 94+1.6 94.54+94.0 2.6

above normal limits 6+1.6 5.945.6 2.6
Total Protein 65-85 g/l

within normal limits 39+3.4 45.5+£32.0 11.4

above normal limits 61+3.4 67.9+54.5 11.4
Glucose 4.2-6.2 mmol/L

within normal limits 68+3.2 74.9+61.9 10.0

below normal limits 28+3.1 33.9+21.5 10.0

above normal limits 4+1.3 4.0+£3.7 1.8
GGT 7-32 units/1

within normal limits 59+3.4 65.7+£52 11.6

above normal limits 41+3.4 47.9+34.3 11.6
Creatinine 62—115 mmol/l

within normal limits 85+2.5 85+84 6.2

below normal limits 14+£2.4 14.7+14.0 5.9

above normal limits 1+£0.7 1.1+£0.9 0.5
Urea 1.7-8.3 mmol/l

within normal limits 95+1.5 94.9+94.5 2.4

below normal limits 5£1.5 4.9+4.6 2.2

above normal limits 0.5+0.5 0.6+0.4 0.2
ALP Up to 117 units/I

within normal limits 86+2.4 86.5+85.8 5.7

above normal limits 14+£2.4 14.2+13.5 5.7
Cholesterol Up to 5.12 mmol/L

within normal limits 62+3.4 68.4+54.9 11.3

above normal limits 38+3.4 45.0+£31.6 11.3
Triglycerides 0.14-1.82 mmol/L

within normal limits 64+3.3 70.7£57.5 11.0

below normal limits 2+0.9 2.1£1.8 0.9

above normal limits 34+3.3 40.5+27.4 10.7
Uric acid 202—416 mmol/L

within normal limits 83+2.7 83.24+82.4 7.1

below normal limits 11£2.2 10.9+10.3 4.8

above normal limits 7+£1.8 6.8+6.3 3.1
Medium molecules 0.2—0.3 units/l

within normal limits 48+2.7 53.3+42.7 7.1

below normal limits 29+2 .4 34,1424 .4 5.9

above normal limits 23+£2.2 27.2+18.3 5.0
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In 41 % of men, an increase in gamma-glutamyltransferase is observed, which indicates long-term ex-
posure to chemical factors of «low intensity» and, as a reaction of the body, autosensitization processes are
possible. A relationship was found between the GGT index and the dose load of sulfates received by inhala-
tion (r = 0.3, p < 0.05). Based on the revealed correlation, a predictive model was built y = 19.59 + 0.14x,
regression coefficient R = 0.3, determination coefficient R2 = 0.052, Fisher coefficient F' = 15.45, model es-
timate p <0.005.

A relationship was found between the urea indicator in people living in the crisis zone and the dose load
of sulfur dioxide, which is inhaled (» = 0.31, p < 0.05). Based on the revealed correlation, a prognostic model
was built at y = 2.41 + 0.02x, regression coefficient R = 0.311, determination coefficient R2 = 0.096, Fisher
coefficient F' = 60.29, model estimate p < 0.005.

As you know, GGT is a marker reflecting the work of the liver and hepatobiliary tract, including dam-
age to cell membranes under the influence of toxic agents [10], and urea reflects the work of the kidneys and
the degree of impairment of the filtration and excretory functions of the organ. Due to the fact that the pro-
cesses of biotransformation of alien substances occur in the liver, gastrointestinal tract, lungs, kidneys, this
can confirm the metabolic mechanisms of the formation of diseases caused by environmental exposure, and
indicate the detected correlations [11].

Conclusions

Massive changes in the parameters of biochemical analysis indicate that the reason is extensive, and can
affect the spread of traits in whole population. These reasons include the environmental impact of environ-
mental factors on the health of the population, which is also confirmed by correlation analysis and literature
data. Apparently, the change in some metabolic parameters in a certain part of the population occurs due to
different variations in resistance to environmental environmental factors that affect the body. Because the
exposure for each participant of study was the same, the body's reserves aimed at maintaining homeostasis
are the key to functioning, neutralization and metabolic stability under conditions of living in unfavorable
environmental conditions.

The results obtained indicate a significant tension of the metabolic status in the examined individuals in
the process of adaptation to a high chemical load. According to the obtained data, the organs — targets in
conditions of ecological trouble are the liver and kidneys, which is consistent with the literature data. Long-
term chemical load in the crisis zone of the Aral Sea region in the exposed population, in particular, in per-
sons of reproductive age, causes a violation of protein metabolism. The results obtained indicate a significant
percentage of people with metabolic stress in the process of adaptation to high chemical load.
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K.b. Cabupos, A.b. Emmaramberosa, I'.K. TypasiOekona,
H.M. Jly36aeBa, M.A. Mykamesa, 1.A. OHo1ko

ApaJj MaHBIHAAFBI €P a1aM TYPFBIHIAPbIHBIH KaH IJ1a3MaCbIHbIH
OMOXUMMSUIBIK KOpCeTKIlTepi

e  Apan MaHBIHAAFbl DSKOJOTWSUIBIK araT aiMarbl COJI JKepAe TYPBII JKAaTKaH TYPFBIHIAPIBIH JICHCAYIIBIK
*XKarJalbIHa ocep eTeli. BHOXMMUSIIBIK KopCeTKIITep ar3aHblH (QyHKIIMOHAIAEI METaOOINTTIK MHIUKATOPIIAPEI
Oosrein TabbUTAnBI. Makanaza Apal MaHBIHAAFBl DKOJIOTHSUIBIK armaT aliMarblHIAa TYPBII JKAaTKaH ep axaM
TYPFBIHIAPBIHBIH OMOXMMISUIBIK KaH IUIa3MachIHBIH KepceTKimTepi OepinreH. DU3HONOTHIBIK HOpMaja
KeINTereH OMOXUMHUSIIBIK KOPCETKIIITEP/IiH TajlayblH aHbIKTay OapbIChIHA, OEpIreH KopceTKiluTep OONbIHIIA
Gipranail aybITKyIIBUIBIK Oap ekeHziri Oaiikanapl. MyHIail MoniMeTTep apKblibl OapIIbIK MOMYJISLUSFA )KOHE
xKammaii Tapamyra ocep ery akropbl Oomysl MyMKkiH. OcblHmai Qakropiapra KopLIaraH OpTaHBIH
OKOJIOTHSIBIK ~ KEJeHCI3  ocepiH  JKaTkbi3yFa  Oomamel.  TekcepyleH — OTKCHAEpACH  raMma-
riIyTamuiITpancepasanapasi yiFaobl 41 %, XonecTepuHHIH yiFarobl 38 % KoHE TPHUITIHLEPUITEPIiH
yrratos! 34 % anbikranasl. COHBIMEH KaTap, Apail eHIpiHIH TYPFRIHAAPEIHAA XUMISIIBIK 3aTTapAbIH 103aChIHAH
KaH CapbICybIHBIH OMOXUMMSUIBIK KOPCETKIIITEeP] apackIHAaFbl ceOem-cangapiblK OallaHbIC aHBIKTAIIBL. Apa
OHIPIHIH JaFmapbiC aiiMarbIHIAFBl y3aK XUMISUIBIK JKYKTEME aKybl3 aJIMacybIHBIH Oy3BbUTybIHA OKeJeTiHi
KOpCeTiUIreH. Apan MaHBIHBIH KayilnTi aiiMarblHAAFBl y3aK XUMISUIBIK JKYKTEME aKybI3[bl alMacy/bIH
OY3BUTYBIH TYFBI3aTBIHJIBIFBI JANIENACHTeH. bepinren HoTIKenepae aKoFapbl XUMHAIBIK XKyKTeMere Oeiimaeny
npoLeciHie MeTabOIMUTTIK KYH3elTicKe YIIbIpaFaH afaMap CaHbl eyip KOFaphl eKeHi OailKabIl OTHIp.

Kinm ce30ep: OMOXUMUSUTBIK Taliay, OCJriHiH maiaa 00y JKHITIri, MeTabONUTTIK KOPCEeTKIIITep, raMMa-
riayramunTpancdepasa, KopIuaraH OPTaHBIH JaCTaHybI, 9KOJIOTHSL.

K.b. Cabupos, A.b. Emmaramberona, I'.K. TypasiOekona,
H.M. Jly36aeBa, M.A. Mykamesa, 1.A. OHo1ko

BuoxnmMuyeckue nmoxkazaTeju Mia3Mbl KPpOBU
MYyKcKoro Haceaenusi [Ipuapanbs

3oHa sKonormyeckoro Oexctus [Ipmapanbsi oka3bIBaeT BIMSHHE HAa COCTOSHHE 37J0POBBSI MPOXKHBAIOIIETO
TaM HaceJleHUs. brHoxuMmueckne mokaszaTenu SBISIOTCS MHINKATOPaMH MeTa0O0NINIecKoi (hyHKIMOHAIBHO-
cTH opraHu3Ma. B cratbe mpescraBieHbl JaHHBIE 0 OHOXMMHYECKHX MOKA3aTeJIsIX IUIa3Mbl KDOBH Y MY’KCKO-
TO HaceJICHUs, NPOKUBAIOIIETO B 30HE dKoJormueckoro Hebmaronomyuus [Ipnapanes. ITokasano, 4ro mpu
ofpezeneHnH OOJBIIMHCTBA MOKa3aTeael 6MOXMMHUYECKOTO aHaIKu3a B Mpeaenax (pu3Honorndeckoi HOpMBI,
HaOJTI0/1aeTCsl 3HAUUTENBHBINA MPOIEHT JIMI] ¢ OTKIOHEHUSIMU TI0 JaHHBIM IOKa3aTensM. Takue HaHHbIEe MO-
3BOJIAIIOT CYZIUTh O (haKTOpax, CHOCOOHBIX OKa3bIBATh BIMSHUE HA BCIO TOIMYJISLUIO U UMETh MAaCCOBBIC IIPO-
aBienns. K takum ¢akropam, 6€3ycI0BHO, MOKHO OTHECTH HEraTHBHOE SKOJIOIMYECKOE BO3ZEHCTBUE OKPY-
JKAIOIIEH cpenbl. ABTOpaMH BEISBIEHO YBEIMYEHHE raMMa-TiayrammirpaHcdepassl y 41 % obcienyemslx,
yBelMueHue xoaecrepuHa — y 38 % u yBenuuenue tpurimnepuaos — y 34 %. Kpome toro, ycraHoBieHa
TIPUYMHHO-CIIEACTBEHHAs CBs3b y kurened [Ipuapanps Mexxnay OMOXMMHYIECKHIMH NOKa3aTelsIMU CBIBOPOTKH
KpPOBHU OT 03Bl XMMUYECKUX BellecTB. [lokaszaHo, 4To [nuTenbHAs XMMUYECKasl Harpy3ka B KpU3UCHOH 30He
IIpnapanbs BeI3BIBacT HapymieHHe 0enkoBoro oomeHa. [lorydeHHbIe pe3ynbTaThl CBUAETENBCTBYIOT O 3HAUH-
TEBHOM TIPOIIEHTE JIUL, UMEIOIUX METa00IMIECKHH CTpece, B MPOLECCE aJaNnTalluy K BBICOKOH XUMHYECKOH
Harpyske.

Kniouesvie cnosa: GnoXxuMu4ecKuil aHajiM3, 4acTOTa BCTPEYAEMOCTH MPU3HAKA, METaOOIMYIECKHE MOKa3aTe-
7, TaMMa-TJIyTaMUITpaHcdepasa, 3arpsisHEHNE OKPYKaloLel Cpebl, SKOIOTHsl.
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