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STUDY OF THE TOXIC AND GENOTOXIC ACTIVITY OF WATER
OF LAKE KOLSAI, LOCATED ON THE TERRITORY OF THE ALMATY
REGION OF THE REPUBLIC OF KAZAKHSTAN

An important step in assessing the state of natural environment is the identification of various en-
vironmentally hazardous factors that possess toxic, genotoxic and mutagenic activity. The appearance
in the environment of a new pollutants and an increase in the concentration of already present physi-
cochemical components that exhibit toxic and genotoxic properties contribute to environmental muta-
tional load on biota. In recent decades, due to the intensification of economic activity and the develop-
ment of the tourism sector, the anthropogenic load has significantly increased not only on terrestrial, in
particular mountain ecosystems, but also on natural water reservoirs. In this regard, the purpose of this
study was to investigate the genotoxic, mutagenic and toxic activity of surface water of the freshwater
lake Nizhny Kolsai, located on the territory of national park “Kolsai kolderi” in the Kegen district of the
Almaty region, Republic of Kazakhstan. For the first time, using a number of test systems (DNA comet
method, cytogenetic test for accounting for chromosomal aberrations and biochemical analysis of lipid
peroxidation products), water samples taken in 2018 and 2022 (spring-summer period) were studied at
the Mus musculus model facility. It was found that water samples induced DNA breaks in cells of bone
marrow and spleen of experimental mice, the level of which was significantly higher than in intact ani-
mals (p <0.001). Cytogenetic analysis of the bone marrow of mice treated with lake water also showed
a statistically significant increase in the frequency of aberrant cells and the number of structural chromo-
some aberrations per 100 metaphases (p<0.05). A biochemical study of lipid peroxidation products
(LPO) in the liver of experimental animals also revealed a statistically significant (p <0.05) increase in
the level of lipid hydroperoxide (HPL) and malondialdehyde (MDA). The results obtained indicate the
presence in the studied natural surface waters of chemicals with genotoxic, mutagenic and toxic activity.

Key words: natural surface waters, genotoxicity, organ specificity, chromosomal aberrations, comet
DNA assay.
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Kasaxctan Pecnybaukacol AAmaTbl 00ALICLIHLIH aymagbiHga opHarackaH Keacai keai
CYbIHbIH TOKCUKAADIK Yk9He 2eHOTOKCUKAAbIK GeAceHginiziH 3epTTey

Taburn opTaHbIH, >Ka-KyMiH 6arasayAblH MaHbI3Abl KE3€Hi — OHAAFbl TOKCMKAAbIK, FEHOTOKCMKAADIK,
>KOHE MyTareHAK 6EACEHAIAIKKE Me BPTYPAI SKOAOMMSIABIK KayinTi hakTopAapAbl aHbikTay. KopiuaraH
opTaAa >kKaHa KOMMOHEHTTEPAIH MaiAa GOAYbl YAbl XKOHE reHOTOKCMKAABIK, KacueTtepi 6ap usmka-
XMMMSIABIK, KOMIMOHEHTTEP KOHLEHTPAUMSCbIHbIH >KOFapblAaybl SPTYPAI 3KOXYMEAEPAiH OuoTacbiHa
KOpLLUaFaH OpTaHblH MyTaLMSIAbIK KbICbIMbIHbIH YKOFapbiAayblHa biKMaA eTeai. COHFbl OH >KbIAAbIKTapAA
SKOHOMMKAAbIK  BEACEHAIAIKTIH KYLLEIOIHE >K&HE TypuM3M CEKTOPbIHbIH AaMyblHa 6arAaHbICTbI
AQHTPOMOTEHAIK >XKYKTEME TeK >Kep YCTi, aTan anTKaHAQ, TayAbl 3KO >XYMEAepAE FaHA eMec, COHbIMEH
KaTap Taburn >kep YCTi CyAapblHAQ Aa aiTapAbikTai ecTi. OcbiFraH 0GalAaHbICTbI OYA 3epTTEYAIH
makcaTbl — Kazakcran Pecny6Amkacbl AAmMaTtbl 06AbICbl KereH ayaaHbIHAAFbI «KOACa KOAAEPI» YATTbIK
casbarblHbIH ayMarblHAA OpHaAackaH Temenri KeAcait Tylibl KOAI CybIHbIH FeHOTOKCMKAABIK, MyTareHAIK
>KOHE TOKCUKAAbIK BEACEHAIAITIH 3epTTey. Aaraw peT Mus musculus MoaeAbaik 06bekTiciHAe BipkaTap
cbiHak, XyreaepiH (AHK komertacbl aaici, xpoMocomManbik abeppaumsinapAbl ecernke aay 6owblHLLA
LUMTOrEHETUKAADIK TECT XKOHE AUMUATEPAIH aCKblH TOTbIFY OHIMAEPIHIH OMOXUMMUSIAbIK, TaAAdYbl) Nait-
AaAaHa oTbipbin, 2018 xeHe 2022 >KbiaAapbl (KOKTEM-Xa3 Ke3eHi) ipIKTEATeH Cy YATIAepi 3epTTeAA|.
2018 »xaHe 2022 XbIAAAPAAFbl CY YATIAEPi TaXipnBEeAiK TbILKAHAAPAbIH, CyMeK KemirimeH kek 6a-
ybIp >acywarapbiHaa AHK 6y3bIAbICTapbiH MHAYKLMSIAGFAHbl aHbIKTAAAbI, OHbIH, A€Hrei MHTaKTTbl
>KaHyapAapAaFbl aHAAOTUSIAbIK KOPCETKILUITEPAEH CTAaTMCTUMKAAbIK TYPFblAQH aMTapAbIKTal >KOFapbl
60AAbl (p<0,001). Kea cyblH KabbiAAaFaH ThILKAHAAPADBIH CYMEK KEMIriH LUMTOreHeTMKaAbIK, TaA-

78 © 2022 Al-Farabi Kazakh National University


https://doi.org/10.26577/EJE.2022.v73.i4.08
https://orcid.org/0000-0002-4827-8971
https://orcid.org/0000-0001-7012-2415
https://orcid.org/0000-0003-0835-3655
https://orcid.org/0000-0003-4957-8738

A.D. Zhadil et al.

AayAa abeppaHTTbl »KacyllaAapAblH >KMIAIriHIH >xeHe 100 MeTadasara wWakKKaHAQ KYPbIAbIMABIK
XPOMOCOMAAAPAbIH OY3bIAbICTAPbIHbIH CTaTMCTUKAABIK MaHbI3Abl >KOFapblAayblH kepceTTi (p<0,05).
ToxxipnbeAik >kaHyapAapAblH 6GayblpblHAAFbl AMIIMATEPAIH ACKbIH TOTbIFY OHIMAEPIH OMOXUMMSIABIK,
3epTTeyi Ae AMNUATI rnaponepokcna (MTA) xeHe ManoHAMaAbAerMA (MAA) AEHIeliHIH CTaTUCTUKAAbIK,
MaHbI3Abl (p<0,05) >KOFapblAayblH aHblKTaAbl. 3epTTey 6apbICbIHAA aAbIHFAH HOTMXKEAEP 3epTTeA-
reH Taburn XXep YCTi CyAapblHAQ FEHOTOKCUKAAbIK, MyTare€HAIK »K8He TOKCMKaAbIK GeAceHAiAiri 6ap
XMMMSIABIK 3aTTapAbliH 6ap eKeHAIriH kepceTeai.

TydiH ce3gep: >kep yCTi TabWFKN CyAapbl, FEHOTOKCMKAABIK, OPraHoCreLngmrKablk, XPOMOCOMAABIK,
abeppaumsaap, AHK komeTa saici.
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MccaegoBaHue Tokcuyeckoil u 2eHOTOKCU4eckoil akTUBHOCTU Bogbl o3epa Koabcail,
pacnoAoXXeHH0z20 Ha TeppuTopuu AamaTuHckol o6aacTu Pecnybauku Kazaxcran

Ba>kHbIM 3Tanom oLeHKM COCTOSHUS NMPUPOAHON OKPY>KaloLein CpeAbl IBASETCS BbiIBAEHME B Hel
Pa3AMUHbIX 3KOAOTMUYECKM OMacHbIX (DakTOPOB, 06AAAAIOLLMX TOKCUUYECKOM, FEHOTOKCUUYECKOM 1 My-
TareHHoM aKkTMBHOCTbIO. [ogBAEHME B OKpy>KaloLLler cpeAe HOBbIX U YBEAMUEHME KOHLIEHTpaLMn yxke
NPUCYTCTBYIOLMX (PU3MKO-XMMMYECKMX KOMMOHEHTOB, MPOSBASIOLLMX TOKCMYECKME UM FeHOTOKCUYe-
CKME CBOWCTBA, CMOCOBCTBYET YCUAEHMIO MYTALMOHHOIO AABAEHMS BHELLHE CpeAbl Ha GMOTy pas-
AMYHBIX 9KOCUCTEM. B nocaeaHWe AeCITUAETUS B CBA3UM C MHTEHCUMKaLMEN XO39MCTBEHHOM AESTEAb-
HOCTM M pasBUTUEM TYPUCTMYUECKOM Cepbl 3HAUYMTEABHO YBEAMUMAACH aHTPOMOreHHas Harpyska He
TOAbKO Ha Ha3eMHble, B YaCTHOCTU FrOpHble 3KOCUCTEMbI, HO WU Ha MPUPOAHbIE NMOBEPXHOCTbIE BOADI.
B cBSI3M C 3TUM, UEAbIO HACTOSILEr0 MCCAEAOBAHUS SIBMAOCb M3y4eHMe reHOTOKCMYECKOM, MyTareH-
HOM M TOKCMYECKOW aKTMBHOCTU BOAbI MPEeCHOBOAHOro o3epa HuxHMIM KoAbcali, pacrnoAo>KeHHoro
Ha TePPUTOPUM HaLMoHaAbHOro napka «Keacarkeaaepi» B KereHckom paoHe AAMaTMHCKOM 06AaCTU
PK. BrnepBble c nomolubio psgaa Tect-cuctem (Metoa AHK-komeT, upMtoreHeTmyeckmin TeCct no ydyery
XPOMOCOMHbIX abeppaumin 1 GUOXMMMUECKMIA aHAAM3 NMPOAYKTOB NEPEKMCHOIO OKUCAEHUSI AUTIMAOB) Ha
MOoAeAbHOM 06bekTe Mus musculus GbIAM M3yueHbl 06pasLbl BOAbI, oToOpaHHbie B 2018 1 2022 roaax
(BeCEHHE-AETHMIA NeproA). YCTAHOBAEHO, YTO Npobbl BoAbl 2018 1 2022 r.r. MHAYLUMPOBAAM B KAET-
KaxX KOCTHOrO MO3ra M CeAe3eHKM OrbITHbIX Mblllei pa3pbiBbl AHK, ypoBeHb KOTOpbIX CTaTUCTUYECKM
3HAUMMO MPEBbILIAA aHAAOTMYHbIE MOKa3aTeAM Yy MHTAKTHbIX >XKMBOTHbIX (p<0,001). LintoreHetnue-
CKMIA aHaAM3 KOCTHOIO MO3ra Mblllel, MPUHUMABLLMX O3epHYI0 BOAY, Tak>Ke MokKa3aA CTaTUCTUYEeCKM
3HaUMMOE YBEAMYEHUE YaCTOThbl aOePPaHTHbIX KAETOK M UMCAA CTPYKTYPHbIX HAPYLLEHWUIA XPOMOCOM Ha
100 meTadas (p <0,05). broxmmmnyeckoe nccaeA0BaHME MPOAYKTOB NEPEKMCHONO OKMCAEHUS AUMTUAOB
(MOA) B neyeHu onbITHbIX )KMBOTHbIX Tak>Ke BbISIBUAO CTaTUCTUYECKM 3HauMmoe (p < 0,05) yBeAnueHune
ypoBHS ruaponepekmcun Aamnunaos (IMA) u maroHoBoro amnanbaernaa (MAA). MNMoAyueHHble B xope UC-
CAEAOBaHUS pe3yAbTaTbl CBUAETEAbCTBYIOT O HAaAMUMM B UCCAEAYEMbIX NMPUPOAHbBIX MOBEPXHOCTHbIX
BOAAX XMMUYECKMX BELLECTB, 06AAAAIOLLMX FTEHOTOKCMYHOM, MyTareHHOM 1 TOKCMUYECKOM aKTUBHOCTbIO.

KAroueBble cAoBa: NOBepXHOCTHbIE MPUPOAHbIE BOAbI, FEHOTOKCMUYHOCTb, OPraHOCneungmuUyHOCTb,
XPOMOCOMHble abeppaumnn, metoa AHK komer.

Introduction

Escalating anthropogenic load leads to large-
scale pollution of the environment with various xe-
nobiotics, the number and range of which is increas-
ing every year. This situation, of course, causes rea-
sonable concern among specialists in various fields,
environmental services, and, above all, among
healthcare representatives [1-4].

Currently, the study of pollutants action on liv-
ing organisms is the main goal of environmental
monitoring, of which genetic monitoring is an inte-
gral part. Living organisms, including humans, are
constantly exposed to a variety of environmentally

hazardous factors of physical, chemical and biologi-
cal nature, the vast majority of which, as has been
shown in experimental studies, exhibit toxic, muta-
genic and carcinogenic properties [5-9].

Of particular danger are factors that possess
mutagenic activity. Environmental mutagens may
cause irreversible damage to DNA, disrupt DNA
replication and cause mutations leading to various
hereditary pathologies, as well as cancer [10,11].
The frequency of spontaneous mutations in normal
cells is estimated ranging from 10 to 10! per DNA
nucleotide [12]. However, various mutagens can
dramatically increase this frequency by several hun-
dreds of times [13]. The impact of mutagenic factors
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on the body contributes to an increase in the genetic
load in populations, which can cause a population
decline, extinction of entire species and an increase
in the frequency of hereditary diseases in the popu-
lation.

At present, when there is a rapid increase in the
world’s population, the state of natural environment
which is a direct habitat or a source of vital resources
is deteriorating significantly. Natural surface waters
located near settlements deserve special attention.
Therefore, the assessment of genotoxicity and mu-
tagenicity of water bodies is becoming increasingly
important [14,15].

Different levels of anthropogenic impact signifi-
cantly affect water quality and lead to pronounced
gradients of environmental pollution. Ecological
gradients have significantly affected the geographic
distribution of zooplankton biodiversity. In addi-
tion, along with the trend towards increasing envi-
ronmental pollution, indicator taxa associated with
habitats have shifted in constituent parts, chang-
ing from large species (for example, arthropods)
in lightly disturbed areas to small organisms (for
example, rotifers and ciliates) in heavily disturbed
areas. All this clearly demonstrates that water pol-
lution as a result of anthropogenic activity signifi-
cantly affects biological communities [16].

According to the surface water monitoring data
of the Republic of Kazakhstan for the 1% half of
2022, out of 134 water bodies, 27 rivers belong to
classes 5 and > 5 according to the Unified Water
Quality Classification, that is, water is not suitable
for all types of water use [17]. The main pollutants
of surface water bodies in Kazakhstan include the
main ions of the salt composition, biogenic and or-
ganic compounds, pesticides, oil and oil products,
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phenols, etc. Exceeding the quality standards for
these indicators to some extent may be due to the
natural and climatic features of the territory, then
in most cases, the cause is anthropogenic factors,
wastewater discharges from various economic en-
terprises and public utilities, etc. [17].

However, it should be noted that natural surface
waters that are not subjected to direct human activ-
ity are also exposed to pollutants. Popular tourist
and recreational areas are also experiencing anthro-
pogenic pressure. One of such picturesque places
is the Kolsai lakes (Upper, Middle and Lower), lo-
cated on the territory of the national park “Kolsai
Kolderi” in Kegen district, Almaty region, Republic
of Kazakhstan. The national park is included in the
UNESCO World Network of Biosphere Reserves.
Kolsai lakes are characterized by the biodiversity
of hydrobionts (phyto- and zooplakton, zoobenthos
and fish resources), and are popular places of out-
door activity, there are guest houses and campsites
nearby. Therefore, the purpose of this study was to
study the genotoxic and mutagenic potential of the
water of the Nizhny Kolsai Lake, located at an alti-
tude of 1800 m above sea level.

Materials and methods

The object of the study was the water from Low-
er Kolsai Lake, located in Kungei Alatau mountains
(South-Eastern Kazakhstan) on the territory of State
National Natural Park “Kolsai Kolderi” at an alti-
tude of 1800 m above sea level. Water samples were
taken in 2018 and 2022 (Figure 1). Collection, filtra-
tion and conservation of water samples were carried
out according to standard recommendations [18].

Figure 1 — Location of water sampling points:
Lake Kolsai- 42°59°29”N 78°19°36”E.
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The genotoxic and mutagenic activity of water
samples was studied on laboratory mice, 2-3 month
age, the average weight was 25 g. Intact and experi-
mental animals were kept in a vivarium on a stan-
dard diet. Laboratory animals were maintained in
accordance with state and international principles
[19]. Animals were sacrificed by cervical disloca-
tion. Samples of internal organs (liver, kidneys,
spleen, and bone marrow) were taken to study DNA
breaks using the DNA comet assay, bone marrow
— for cytogenetic analysis, liver — to determine the
content of lipid peroxidation products (LPO).

Laboratory mice drank sampled water for sev-
en days. An aqueous solution of standard mutagen
methyl methanesulfonate (MMS) at a dose of 40.0
mg/kg was used as a positive control, which was
administered intraperitoneally. Standard drinking
water was used as a negative control. The genotoxic
potential of water samples was studied using the
DNA comet assay, which makes it possible to de-
tect DNA breaks at the level of single cells. The fol-
lowing internal organs of laboratory mice were ana-
lyzed: bone marrow, liver, kidneys, and spleen [20,
21]. Giemsa stain was used for slides staining [22].
At least 100 DNA comets with non-overlapping
tails for each preparation were visually analyzed
using Olympus BX-43 microscope (Olympus Cor-
poration, Japan) at 40x magnification. DNA comets
were divided into five conditional types: class I: 0
—6.0%:; class II: 6.1 — 17%; class III: 17.1 — 35.0%;
class IV: 35.1 — 60.0%; class V: 60.1-100.0% sin-
gle- and double-strand DNA breaks in “comet tails”
[23]. The index of DNA comets (IDC) as the degree
of DNA damage was calculated using the following
formula:

Ong+ Iny+ 2nz+ 3ny+ 4ng

IDC = - ,

where n -n, — number of DNA comets in each class,
~n — sum of calculated DNA comets. The damage
index (DI) was calculated using the formula:

DI = IDC,/IDC,,

where IDC, — index of DNA comets in the experi-
mental group, IDC_—index of DNA comets in nega-
tive control [24].

To assess the mutagenic potential of water sam-
ples, a metaphase method for analysis of chromo-
some aberrations in bone marrow cells was carried
out [24]. Cytogenetic preparations were prepared 24
hours after the last injection and stained with azure-
eosin. Slides were analyzed using light microscope

under x1000 magnification. Cells with aberrations
of chromosome and chromatid types (single and
paired fragments of chromosomes, acentric and cen-
tric rings, point fragments) were counted.

To evaluate the toxic properties of water samples
for mice liver the content of primary (HPL — lipid
hydroperoxide) and secondary (MDA — malonic di-
aldehyde) products of lipid peroxidation (LPO) was
determined in liver homogenate [25, 26]. The meth-
od for HPL determining is based on measuring the
absorption of light by conjugated diene structures
extracted with a mixture of heptanes:isopropyl al-
cohol (1:1). The optical density of the heptane phase
was measured at a wavelength of 233 nm on Apel
PD-303 spectrophotometer (Japan). MDA was de-
termined by the 2-thiobarbituric acid method. Opti-
cal density was measured at 532 nm on Apel PD-
303 spectrophotometer (Japan).

Statistical data processing was performed using
StatPlus®5 Pro version 5.9.9.4/Core v6.7.3 soft-
ware (AnalystSoft Inc., USA). In all cases, mean
values (M) and mean errors (m) were calculated.
The statistical significance of the differences be-
tween groups was analyzed using Student’s t-test.
Differences were considered statistically significant
with a confidence level of 95% or more (p<0.05).

Research results and discussion

In recent decades, natural aquatic ecosystems,
being a habitat for many organisms, source of drink-
ing water and human economic activity, have been
subjected to powerful anthropogenic pressure. Most
environmentally hazardous factors possess not only
toxic, but also mutagenic and carcinogenic activ-
ity. Identification of potential mutagens and human
carcinogens in terms of genetic consequences is a
priority for biological assays. An increase in the
range and number of environmental pollutants with
mutagenic activity creates a real basis for enhanc-
ing genetic load and contributes to the rate of mu-
tation process. The current research is intended on
the investigation of genotoxic, mutagenic, and toxic
effects of water samples from Lake Kolsai on labo-
ratory mice Mus musculus.

Assessment of water samples genotoxicity using
DNA comet assay. Water samples from Kolsai Lake
were orally administered to mice for seven days. To
detect genotoxic activity, DNA comets were ana-
lyzed in cells of bone marrow, liver, kidneys, and
spleen. The indices of DNA comets (IDCs) in the
cells of the studied organs are represented in Table
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1. It has been found that the level of induced DNA
breaks is significantly higher in cells of the bone
marrow and spleen of experimental animals com-
pared to the negative control (p<0.001). At the same
time, in the cells of liver and kidneys, this index was
at the control level. No statistically significant dif-
ferences were found between similar indices in ani-
mals that received water samples collected whether
in 2018 or 2022.

The DNA damage index (DI) exceeding 2 indi-
cates pronounced genotoxic effect of the studied xe-
nobiotics. As a result of the experimental study, it was
found that in animals that received water from Lake

Kolsai collected in 2018, the damage index, which re-
flects the degree of genotoxicity, increased by 2.7 and
3.5 times in the bone marrow and spleen cells, respec-
tively, compared to intact animals. In animals that re-
ceived water samples collected in 2022, DI increased
only in the cells of the bone marrow (2.3 times), and
in the cells of the spleen, liver and kidneys it was be-
low 2 (Figure 2). Comparative analysis of DI in ani-
mals that drank water collected in 2018 and 2022 did
not reveal statistically significant differences between
the studied parameters, with the exception of DI in
spleen cells, which was below 2 in the experimental
group for 2022 water samples.

Table 1 — The level of DNA comets in the cells of mice that received water from Lake Kolsai

Index of DNA comets in the cell (M£SE), %
Experimental groups Bone marrow Liver Kidneys Spleen

Drinking water (negative control) 0,17 +0,05 0,23 £0,04 0,43 +£0,03 0,22 £ 0,04
Positive control 3,38 +£0,33* 3,1+0,3* 2,7+0,16* 3,14 +£0,24*
(MMS — methyl methanesulfonate)

Lake Kolsai, 2018 0,61 +£0,17* 0,33 +0,04 0,48 £0,12 0,61 £ 0,04*
Lake Kolsai, 2022 0,42 +0,02* 0,32 +0,07 0,33 £ 0,04 0,43 £0,08*

Note — * — p<0.001 in comparison with the negative control

EKolsay 2018 ®Kolsay 2022 mMMS _

arbitrary unit
)

DNA damage index,

Bone marmrow

Liver

Kidneys Spleen

Figure 2 — Index of DNA damage in the cells of laboratory mice that received water from Lake Kolsai

In terms of sensitivity to DNA-damaging ef-
fects of water samples from 2018 and 2022, the
studied organs can be arranged in the following
order: bone marrow > spleen > liver > kidneys.
The results obtained demonstrate the presence of
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genotoxic properties of the Kolsai water samples,
collected in 2018 and 2022. In addition, the organ-
specificity for genotoxic effect was established.
The most sensitive were cells of the bone marrow
and spleen.
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The study of mutagenic activity of water sam-
ples from Lake Kolsai by chromosome aberration
test. To study the mutagenic activity of water from
Lake Kolsay, we carried out a cytogenetic analy-
sis of bone marrow cells of laboratory mice that
orally took the studied water samples. The analysis
was carried out using a chromosome aberration test
(metaphase method). The results of cytogenetic test
for mutagenic activity of water samples in mice are
presented in Table 2.

As can be seen, in intact animals (negative
control), the frequency of aberrant bone mar-
row cells and the number of structural muta-
tions per 100 metaphases were 1.33+0.25. The

classical mutagen methyl methanesulfonate
(MMS) induced aberrant cells in the bone mar-
row of experimental animals and the number of
chromosome rearrangements per 100 metaphas-
es, which was statistically significantly higher
than in intact animals. Thus, the frequency of
aberrant cells in MMS-treated mice increased
by 4.3 times (p<0.001), and the number of
chromosome aberrations per 100 metaphases
increased by 5.4 (p<0.001) times. All types of
chromosome rearrangements increased statisti-
cally significantly. The most pronounced was
the frequency of chromosomal aberrations of
chromatid type.

Table 2 — The frequency of structural chromosome aberrations in bone marrow cells of mice treated with water from Lake Kolsai

Experimental groups Metaphase | Frequency of Number of chromosome aberrations per 100 metaphases
studied aberrant (i)ells Total Chromosome | Chromatid type Point
(M=+m %) aberrations type fragments

Negative control (H,0) 525 1,33+0,25 1,33+0,25 0,37 +0,25 0,59 + 0,27 0,38 + 0,26
Positive control (MMS — 520 5,73+0,91°° 7,15+0,95°°° 1,35+£0,27° | 4,06+0,45°° | 1,74+0,42°
methyl methanesulfonate)
Water from Lake Kolsai 517 2,91+0,50°* 3,10£0,42¢** | 0,58 +0,27 2,13+£0,41° 0,39 +0,27
(2018)
Water from Lake Kolsai 544 2,39+0,26° 2,58+0,38°* 0,38 £ 0,26 1,47 +0,26° 0,72 + 0,20
(2022)
Note: ® —p<0.05; @@ — p<0.01; eee — p<0.001 compared to the negative control (H,0);
* — p<0.05; ** — p<0.01 in comparison with the positive control (MMS).

In an experimental study of water samples col-
lected in 2018, the frequency of aberrant cells, as
well as the number of aberrations per 100 metaphas-
es, increased significantly compared to the nega-
tive control. Single cells containing a polyploid set
of chromosomes were noted, which were absent in
intact animals. The frequency of aberrant cells in-
creased by 2.2 times (p<0.05), and the number of
chromosome aberrations per 100 metaphases in-
creased by 2.3 times (p<0.01). At the same time,
these indicators were statistically lower than for the
positive control (MMS). In the spectrum of chromo-
some alterations, rearrangements of both chromo-
somal and chromatid types were registered. Struc-
tural mutations of the chromosomal type were rep-
resented by paired terminal deletions, while those
of the chromatid type were represented by single
acentric rings, single terminal fragments, and point
fragments were also found (Figure 3). A similar pic-

ture was observed in the experimental study in 2022.
The frequency of aberrant cells increased by 1.8
times (p<0.05), and the number of chromosome ab-
errations per 100 metaphases increased by 1.9 times
(p<0.05). In the spectrum of chromosome disorders,
rearrangements of the chromosomal and chromatid
types were also noted. In experimental animals that
took water collected in 2018 and 2022, a statistical-
ly significant increase in structural mutations of the
chromatid type was observed, which is typical for
most mutagens of a chemical nature. There were no
statistically significant differences in the frequency
of induced chromosome aberrations in animals that
took water samples collected in the lake in 2018 and
2022. However, in experiments conducted in 2022,
there is a decrease in the absolute number of the
aberrant cells and chromosome aberrations, which
may be due to a decrease in the tourist number dur-
ing the pandemic years (2020-2022).
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Figure 3 — Structural mutations in bone marrow cells of mice induced by water
samples from Kolsai Lake in Almaty region, x1000

Because of cytogenetic studies, it was found that
the water from Lake Kolsai exhibits mutagenic ac-
tivity. In laboratory animals that received lake wa-
ter, there was a statistically significant increase in
the frequency of aberrant cells and the number of
chromosome aberrations per 100 metaphases. The
results obtained indicate the presence in the stud-
ied natural waters of chemicals with mutagenic and
genotoxic activity.

Study of the influence of Kolsai lake water on
the processes of lipid peroxidation. A free radicals
of chemical nature play a crucial role in damage to
the nuclear genome as is indicated by a number of
works. The authors note that LPO secondary prod-
ucts, including MDA, can cause cross-links in bio-
polymers, which disrupts their structure and func-
tions [27-31].

This paper presents the results of a spectropho-
tometric analysis of lipid peroxidation products in
the liver of laboratory mice that took water from the
Nizhny Kolsai Lake (Table 3). The level of lipid hy-
droperoxide (HPL) in the liver of experimental ani-
mals exposed to lake water in 2018 and 2022 was
0.52+0.18 and 1.49+0.35 mmol/mg, respectively.
These data show that in animals that received na-
tive water samples in 2022, the HPL is significantly
higher, by 2.59 times than in the control. The level
of malondialdehyde (MDA) in the liver of animals
was statistically increased by 2 times (2018) and
1.38 times (2022) compare to control values. An in-
crease in the content of HPL and MDA in animals
that received lake water indicates an enhancement
of free radical processes in the liver of experimental
mice.

Table 3 — The content of lipid peroxidation products in the liver of laboratory mice

Experimenta Igroups HPL content MDA content
Negativ econtrol (H,0) 0,58 +£0,14 10,16 £0,56
Positive control (MMS) 3,01 £0,58%* 25,34 £ 0,84*
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Continuation table

Water from Lake Kolsai (2018)

0,52+0,18 20,53 + 1,84*

Water from Lake Kolsai (2022)

1,49 £ 0,35* 14,03 + 1,48*

Note: HPL — lipid hydroperoxide, MDA — malondialdehyde;
* — p<0.05 in comparison with the negative control

It is known that lipid peroxidation occurs under
the action of free radicals, which are active charged
molecules [32]. At the first stage of lipid peroxi-
dation, diene conjugates of fatty acids are formed,
when exposed to hydroxyl radicals, lipid hydroper-
oxides are formed. At the same time, lipid peroxida-
tion products cause conformational changes in phos-
pholipids and phospholipid complex, which leads to
disruption of the functions of cells organelles, or-
gans, and then the whole organism. At the sites of
attachment of peroxide radicals, fatty acids break
into fragments containing aldehyde groups, which
are known to be highly reactive. When broken on
both sides, malonic dialdehyde is formed. MDA, re-
acting with the SH- and CH3- groups of proteins,
inhibits the activity of a number of enzymes [33].

Due to the continuous growth of the world pop-
ulation and the growth of consumption, all natural
ecosystems are exposed to negative factors of vari-
ous nature. Aquatic ecosystems, especially fluid
ones (rivers, streams), are subjected to powerful
anthropogenic pressure, as a result, a decrease in
the diversity of aquatic organisms is observed. Wa-
ter and soil pollution occurs due to industrial, agri-
cultural, household waste, fertilizers and pesticides
used by farmers, oil spills and radioactive materials
[34]. Polluted water and soil pose a serious threat to
living organisms, including humans, since they can
have toxic, mutagenic, carcinogenic, teratogenic,
and other negative effects [35]. In the complex of
influence of pollutants on the body, genetic conse-
quences are important. For any population, includ-
ing humans, an increase of mutagenic factors in the
environment is undesirable, since a real basis is cre-
ated for increasing the genetic load and changing the
rate of the mutation process.

According to the CAS (Chemical Abstracts Ser-
vice, USA), by September 2018, 144 million chemi-
cal compounds were registered, and by October
2022, already 201 million [36]. All of them can end
up in the air, water, soil, food. As a result, several
dozens of compounds that can be found in the tis-
sues of humans and other organisms can enter the
body at the same time.

Among many chemical elements, heavy metals
are of particular importance due to their association

with human activities — vehicle exhausts [37], do-
mestic and industrial wastewater discharges. Met-
als such as Pb, Cr, Zn, Cu, Cd, and Ni are typical
potential pollutants of water and bottom sediments
in urban areas [38,39]. Concern about the distribu-
tion of these elements in the environment is grow-
ing worldwide because they are persistent, bioaccu-
mulative and toxic [40]. In addition to the fact that
they contribute to the occurrence of morphological,
behavioral, reproductive, genotoxic, and mutagenic
damage in representatives of aquatic biota [41], they
can also adversely affect human health.

The combined effect (synergy) of the chemical
compounds can negatively affect the body even at
low concentrations [42]. The genotoxic, mutagen-
ic and toxic activity of the water of Nizhny Kolsai
Lake (2018 and 2020), established in our studies on
laboratory mice, is apparently due to the complex
action of various chemical components of aquatic
environment, which may include organic and inor-
ganic compounds.

Thus, the studies of native water samples of the
Nizhny Kolsai Lake carried out on the Mus muscu-
lus in 2018 and 2022 revealed genotoxic, mutagenic
and toxic activity. Water samples collected 2018
and 2022 induced DNA breaks in cells of the bone
marrow and spleen of experimental mice, the level
of which was statistically higher than in intact ani-
mals (p<0.001). Cytogenetic analysis of the bone
marrow of mice treated with lake water also showed
a statistically significant increase in the frequency of
aberrant cells and the number of structural chromo-
some disorders per 100 metaphases (p<0.05). Bio-
chemical study of lipid peroxidation products (LPO)
in the liver of experimental animals revealed a sta-
tistically significant increase (p<0.05) in the level
of lipid hydroperoxide (HPL) and malondialdehyde
(MDA). The results obtained indicate the presence
in the studied natural surface waters of chemicals
with genotoxic, mutagenic and toxic activity.

Conclusion
Environmental pollution by environmentally
hazardous factors has become global in nature and

1s observed even in uninhabited areas where there is
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no economic activity. Most contaminants exhibit a
potential mutagenic and carcinogenic hazard to liv-
ing organisms. To solve this problem, first of all, it is
necessary to take strict control over the processes of
environmental pollution, prevent the expansion of
pollutants, reveal the nature of their action and find
ways to protect against their influence. Ecotoxicants
have a negative impact on all components of natural
ecosystems and lead to an increase of genetic load in
natural and human populations. Therefore, the prior-
ity task is to assess the genetic consequences of the
impact of pollutants on living organisms, as well as
to find ways to protect against their negative effects.

In connection with the development of tourist
and recreational activities in Kazakhstan in recent
years, aquatic ecosystems, including high mountain
lakes, have been intensively exploited. Therefore,
the state of water bodies, which play an important
role both in the nature water cycle and in the nation-
al economy, deserves special attention. The study of
waters and bottom sediments of ecosystems of wa-
ter bodies is important for studying their toxic and
mutagenic effects, since the general recent trend is
known — the active distribution of toxicants in the
aquatic environment and their accumulation in bot-
tom sediments [43, 44].

As noted earlier, natural environments that are
not subject to direct human economic activity are
also polluted. Tourist and recreational areas are also
experiencing anthropogenic pressure. These include
the national park “Kolsai Kolderi”, located on the
territory of the Almaty region, Republic of Kazakh-
stan. On the territory of the park, within the heights
of 1800-3500 meters above sea level, there are
unique landscapes rich in flora and fauna. The main
attraction is the cascade of Kolsai lakes, located in

a beautiful gorge, the tract of the tributary of Shi-
lik River, the Kolsai River. These are three unique
mountain lakes of tectonic origin — Upper, Middle
and Lower Kolsai.

Kolsai lakes are characterized by the biodiver-
sity of hydrobionts (phyto- and zooplakton, zoob-
enthos and fish resources), are a tourist attraction,
there are guest houses and campsites nearby. Ac-
cording to the Institute of Hydrobiology and Ecol-
ogy of the Ministry of Education and Science of the
Republic of Kazakhstan [45], in accordance with
the hydrochemical characteristics of reservoirs, wa-
ter in terms of chemical composition and content of
biogenic elements is a favorable habitat for hydro-
bionts. Nevertheless, for the first time in 2018 and
2022, cytogenetic, molecular genetic and biochemi-
cal studies of water at the model object Mus mus-
culus revealed its genotoxic, mutagenic and toxic
activity. Further studies are planned to identify the
main inorganic and organic pollutants in Lake Kol-
sai and the sources of genotoxic water action.

As noted earlier, genotoxic and mutagenic fac-
tors present in the environment can increase the
evolutionary level of mutation for each species and
genetic load in the population of living organisms,
including humans. Therefore, it is very important
to carry out genetic monitoring of various natural
media, including water, to detect mutagenic activity
in order to reduce the level of pollution by environ-
mentally hazardous factors that pose a threat to biota
and human health.

This research has been funded by the Science
Committee of the Ministry of Education and Sci-
ence of the Republic of Kazakhstan (Grant No.
AP05130546, A.V. Lovinskaya is the Project super-
visor).
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