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ABSTRACT

Introduction. The inherent limitations of conventional water quality and safety monitoring for public drinking water supplies underscore the urgent need for “in
vitro” cellular models. Such models provide a robust framework for the rapid screening and identification of chemical contaminants in water samples.

The purpose of the work is to substantiate, based on the results of experimental modeling, the possibility of using the HuTu 80 human cell culture to detect chemical
contamination of water sources for household and drinking water use by the population.

Materials and methods. The quality and safety of drinking water sources were assessed using an expanded set of forty five sanitary-chemical indicators, including
the mandatory minimum (MR 2.1.4.0176—20), in compliance with the regulatory standards established in SanPiN 1.2.3685—21. The response of the HuTu 80 cell
line to water samples was assessed by monitoring changes in mitochondrial dehydrogenase activity following a 48-hour exposure period.

Results. 5 out of 10 water samples exerted an adverse impact on the HuTu 80 cell line, although only two samples showed concentrations of chemical substances
(magnesium, sodium, lithium ions, as well as chlorides and sulfates) exceeding established regulatory limits. Experimental modeling of the native water composition
for the first time demonstrated that metabolic inhibition could be attributed to the presence of magnesium, sulfate, and lithium ions at concentrations both above and
below their respective maximum permissible levels. Furthermore, the combined effect of these inorganic ions induced a more pronounced shift in metabolic activity
compared to the influence of each individual component.

Limitations. The present study is limited by the requirement for specialized equipment and precision analytical instruments, a relatively small sample size, and the
necessity to account for microbiological factors.

Conclusions. The results of the study on native water samples and experimental modeling of their composition demonstrated the potential of using the HuTu 80 cell
culture to detect chemical pollution in drinking water sources when maximum permissible concentrations for individual sanitary-chemical indicators are exceeded.
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PE3IOME

Beedenue. Cywecmeyioujue ocpanuuerss mpaouyuoHHsIX Memoodog KOHMPOAs Kauecmea u 6e30nacHocmu 6006l UCHOYHUKOG X035UCMECHHO-NUMbEE8020 8000NONb-
308aHUs HACEACHUS ONpedenstom aKmyalbHOCMb NPUMEHeHUs KAeMOUHbIX Modeaell in Vitro 015 0nepamuHo20 8blaéAeHUs XUMUHECK020 3a2psa3HeHUs NPo0 600bl.
Ileas pabomor — o60cHosaHUe npuMeHeHUs Kyabmypbl kaemok yenrogexa HuTu 80 0as ebisienenus Xumuuecko2o 3aeps3Henust 600bl UCMOYHUKO8 X035UCMBEHHO-
NUMbe8020 8000N0NB3I0BAHUS HACENCHUS NO PEe3YAbIMAMAM IKCHEPUMEHMANbHO20 MOOAUPOBAHUSI.

Mamepuaavt u memoost. OyeHky Kavecmea 00bl UCHOYHUKOE X03SUCMEEHHO-NUMbEE020 6000N0Ab308AHUS HACEACHUS. OCYUeCMBASAU N0 PACUUPEHHOMY Ne-
peuHIo nokazamenet (45 caHumapHo-xumuvecKux nokazamenei), 8 mom yucae onpeoeasiu ooszamenvhoiii munumym no MP 2.1.4.0176—20, ¢ coomeemcmeuu
¢ HopmamueHbimu 3Haxenusmu, yemaroenewuvimu CanlluH 1.2.3685—21. Bosoeiicmesue npob 600t Ha kyaemypy kaemok HuTu 80 ouenusanru no usmereHuro
aKMuU8HOCMU MUMOXOHOPUANbHBIX 0e2udpo2eHas nocie 48-4acosoil SKCno3uyuuU.

Pesyavmamot. Ycmanoeneno, umo 5 uz 10 npo6 600bt 0kazvleanru HecamusHoe eosdeticmesue Ha kyavmypy kaemok HuTu 80, npu 5mom 6 08yx u3 Hux pecucmpu-
POBAAU NPEeBbIUIEHUs YCIMAHOBACHHbIX UCUCHUMECKUX HOPMAMUBO8 COOPICAHUS XUMUHECKUX seujecms (UOHbI MASHUS, HAMPUsi, AUMUs, a MaKice X10puo- u
cyavpam-uonst). IIposedénnoe sKcnepumeHmansHoe MooeAUupoganue cocmaga HAMUGHIX NPod 600bl NOKA3AN0, MO He2AMUBHoe 8030eiicmaue Ha Memadoau3m
KAemOoK Modcem Gbimb 00y CA08AEHO NPUCYMCIMBUEM UOHO8 MARHUSL, CYAbDAM-UOHO8 U UOHO8 AUMUSL 8 KOHUEHMPAUUAX KAK NPesblulaouux, mak u Haxoo0aujux-
cs1 Hudice npedensro donycmumsix. Komounuposantoe go3oeiicmaue UOHO8 HEOP2AHUHECKUX BEUECME BbI3bIBAN0 DONeCe GbIPANICCHHOE UMEHeHUe Memadoauye-
CKOUl AKMUBHOCMU KACMOK NO CPABHEHUIO C BAUSHUEM KANCO020 U3 HUX 8 OMOeAbHOCIU.

Ocpanuuenus uccaedosanus. Hccaedosanue oepanuueHo He00X00UMOCMbIO HAAUHUS CReYUANbHO20 000PYOOBAHUS U NPUOOPOB U3MePeHUs, HeOOAbUUM 00BEMOM
8b100pKU U 0053AMENbHBIM YHEMOM MUKPOOUON0UMECK020 (haKkmopa.

Sakarouenue. Pesynrvmamol npoeedéHHo20 Uccae008anus HAMUHBIX NPOO 600bl U IKCNEPUMEHMANLHO20 MOOCAUPOBAHUS UX COCMABA NPOOEMOHCMPUPOBANU
nomeHyuan ucnonv3oganus Kyaomypol kaemoxk HuTu 80 0as vbissnenus Xumuueckoeo 3aepasHeHus 600bl UCIOYHUKO08 X035UCMEEHHO-NUMbE8020 8000N0Nb30-
6aHus Hacenenus npu npegviuteruu I1[K no omoeabHbiM cGHUMAapHO-XUMUHeCKUM NOKA3AMENsIM.

Karouesvie caosa: kysvmypa kaemok wenogexka HuTu 80; xumuueckoe 3aepsznenue 600bl; mecm-cucmema in vitro; UCMOYHUKU X035UCMEEHHO-NUMbEB020
8000N01b308aHUS HACENCHUS
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higher, necessitating the supplementation the existing approach
to the hygienic assessment of the quality of the human living
environment with new developments. One promising avenue
for addressing this challenge is the use of alternative biological
models, including in vitro cell-based test systems. A key advantage
of these research methods is that testing is carried out directly on
human cell cultures [2].

To detect chemical contamination in water sources used
for household and drinking water supply, it may be advisable
to supplement traditional chemical-analytical methods with
approaches based on the use of biological systems, such as cell
cultures of the human gastrointestinal tract [2—4]. The HuTu 80
human duodenal adenocarcinoma cell line is frequently used to
study the mechanisms underlying the development of toxic effects
associated with exposure to chemical compounds [5—7]. HuTu

Introduction

The assessment of the quality and safety of water from
sources used for household and drinking water supply (hereinafter
referred to as ‘water sources’) in the Russian Federation involves
carrying out laboratory tests, including those for the quantitative
determination of chemical substances in accordance with the
requirements of regulatory and methodological documents
(SanPiN 1.2.3685-21', MR 2.1.4.0176—20% etc.). However,
this approach does not fully account for the likelihood of
adverse effects arising from the combined exposure to chemical
substances and their transformation products, as well as the
presence of chemical substances not included in the list of
monitored parameters (MR 2.1.4.0176—20%) [1]. Consequently,
the potential risks to public health associated with exposure to

chemical factors in the living environment may be considerably

' SanPiN 1.2.3685—21 “Hygienic Standards and Requirements for
Ensuring the Safety and (or) Harmlessness of Environmental Factors for
Humans”.

2 MR 2.1.4.0176—20 “Organization of Monitoring of the Provision of
the Population with High-Quality Drinking Water from Centralized Water
Supply Systems”.

80 cells are epithelial in nature and represent stable pathological
clones of duodenal surface cells [5, 8, 9]. The HuTu 80 cell line is
effective in assessing microbial contamination of water and could
potentially be used to complement physicochemical analytical
methods when evaluating water quality according to sanitary-
chemical parameters [10, 11].
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The aim of the study is to justify the use of the HuTu 80 human
cell culture for detecting chemical contamination in water sources
used for household and drinking water supply, based on the results
of experimental modelling.

Materials and methods

The study utilised water samples from sources intended
for household and drinking water supply (n = 10), collected
in 2024-2025 in the Saratov and Astrakhan regions, and the
Republic of Kalmykia. Sampling, transport and storage of the
samples were carried out in accordance with the requirements of
GOST 31861—-20123. Sanitary and chemical analyses of the water
samples were conducted at the Laboratory of Physicochemical

Analysis of the Saratov Regional Centre for Hygiene, part
of the Federal State Budgetary Institution ‘Federal Research
Centre for Medical and Preventive Technologies for Public Health
Risk Management’ of Rospotrebnadzor, using titrimetric and
spectrophotometric methods of analysis, as well as atomic absorption
spectroscopy. Water quality was assessed against an extended list
of parameters (45 physicochemical parameters), including the
mandatory minimum (MR 2.1.4.0176—202), in accordance with the
regulatory values established by SanPiN 1.2.3685-2".

To simulate the chemical composition of native water
samples, aqueous salt solutions were used with calculated mass
concentrations of chloride ions (NaCl and CaCly), sulphate
ions (Na,SO,), magnesium ions (MgSO4s+5H,0) and lithium
ions (Li,SO4). Pure analytical-grade reagents (Vekton JSC,
St Petersburg) were used in this study.” The HuTu 80 human
duodenal adenocarcinoma monolayer cell line, which can
be passaged, was used as a test system to assess the effects of
exposure to water samples and model solutions (the culture was
obtained from the “Vertebrate Cell Culture Collection” shared-
use centre at the Institute of Cytology, Russian Academy of
Sciences, St Petersburg). HuTu 80 cells were cultured in complete
DMEM medium (PanEco, Russia) containing 1% essential
amino acids, 2 mM glutamine, 1 mM sodium pyruvate, 1.5 g/L
sodium bicarbonate, 4.5 g/L D-glucose, and 10% bovine foetal
serum (Capricorn, Germany), with the addition of penicillin/
streptomycin (100 units/mL each, Capricorn, Germany).
Cultivation conditions were as follows: temperature of 37 °C in an
atmosphere of 5% CO, in a culture flask (NEST Biotechnology
Co., LTD., Wuxi, China), using a thermostat (Binder GmbH,
Germany). Cells that had undergone no more than 10 passages
were used in the experiments [12].

Water samples (2 ml) were concentrated by incubation
for 1.5 hours in a water bath (LOIp, Russia) at 70 °C. This
treatment method allowed the samples to be concentrated,
whilst simultaneously inactivating the vegetative forms of
microorganisms, which is necessary for working with cell cultures
in vitro. The volume of the concentrated samples was 25% of
the original (four-fold concentration). After cooling the sample,
meant for analysis, to room temperature, its volume was restored
to the original level using complete DMEM medium. To assess
the effectiveness of water sample decontamination, a control
plating of each sample under investigation was carried out on LB
(Luria Bertani) [13] in Petri dishes in duplicate and incubated for
five days in a thermostat at +37 °C.

The effects of the water samples on the HuTu 80 cell
culture were assessed using a test based on the inhibition of
cell proliferation, measured by the activity of mitochondrial
dehydrogenases that reduce tetrazolium derivatives (MTT assay).
Once 70—90% confluence was reached, intact cells were harvested
from the culture flask using a trypsin-EDTA solution (0.25%
trypsin and 0.2% EDTA, Capricorn, Germany) and seeded into

3 GOST 31861—-2012 “Water. General requirements for sampling”.
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96-well culture plates (NEST Biotechnology Co., LTD., Wuxi,
China) at a seeding density of 1 - 10* cells per well. The cells were
incubated in the plates until a 70 per cent monolayer had formed
over a period of 48 hours, after which the medium was removed
and the wells were filled with water samples prepared according to
the method described above (eight wells for the analysis of a single
water sample). As control samples, the wells containing cells were
filled with 200 ul of culture medium comprising 25% distilled
water and 75% complete DMEM medium.

The model pollutants were dissolved in DMEM medium,
sterilised by filtration through a syringe filter with a pore size of
0.1 wm, and 50 ul of each was added to wells containing 150 ul of
complete DMEM medium.

Cells cultured in medium based on the prepared water
samples or model pollutant solutions were incubated for 48 hours
at 37 °C in an atmosphere a 5% CO,. At the end of the incubation
period, the medium was removed and 100 ul of MTT solution
(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide,
Sisco Research Laboratory Pvt. Ltd., India) to a concentration
of 1 mg/ml, and the cells were incubated for three hours under
the same conditions. The MTT solution was removed, and the
formazan crystals formed in the viable cells were dissolved in
200 wl of 99% dimethyl sulphoxide (DMSO, Molekula Ltd., UK)
and incubated for 15 minutes under the same conditions.

The MTT assay values for both experimental and control
replicates were determined as the difference between the mean
optical density values of the eluate, measured at 530 and 620 nm
using a microplate reader (Pikon, Russia).

Cell viability was calculated using the formula (1):

Viability = (OD, ] OD) + 100%, (1)

where OD, — the difference in optical density of the eluate
from the experimental group at wavelengths of 530 and 620 nm;
0D, — the difference in optical density of the eluate from the
control group at wavelengths of 530 and 620 nm.

The effects of water samples on the HuTu 80 cell culture were
assessed based on a statistically significant (p < 0.05) change in
their respiratory activity following a 48-hour incubation with
the test water sample compared with the control (cell respiratory
activity after a 48-hour incubation in complete medium was taken
as 100%).

Statistical analysis of the data was performed using the
Statistica for Windows v. 7.0 software package (StatSoft Inc) and
Microsoft Excel 2010. Mean values and standard deviations were
calculated; a two-tailed Student’s t-test was used, as well as one-
way analysis of variance (ANOVA) employing Fisher’s F-test,
followed by Tukey’s multiple comparison test at a significance
level of p < 0.05. The effective concentrations of inorganic ions
(ECy) and their 95% confidence intervals were determined by
probit analysis using the EPA Benchmark Dose Software (BMDS,
version 3.3, US Environmental Protection Agency).

Results

Physicochemical analysis of water samples from water sources
revealed that five samples exceeded regulatory limits for chemical
content. The range of exceedances of public health standards for
sanitary-chemical parameters in the samples studied ranged from
1 to 2.7 times the maximum permissible concentration (MAC). In
parallel with the Physicochemical analysis, the effects of the water
samples on the HuTu 80 human duodenal adenocarcinoma cell
culture were assessed. The results are presented in Table 1.

According to the results presented in Table 1, the six water
samples under investigation had an effect on the metabolic activity
of the HuTu 80 cell culture following 48-hour exposure. Water
samples Nos. 1, 2 and 5 induced a cytotoxic effect, manifested
as a statistically significant reduction in the metabolic activity
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Taonuma 1 / Table 1
Results of physicochemical analysis and assessment of the effects of water source samples on the metabolic activity of the HuTu 80 cell line

Pe3yasraTsl GM3HKO-XUMHYECKOTO AHAJN3A U OleHKH 3()()eKTOB BO3/IeHCTBHS MPOO BOIbI BOJOUCTOYHHKOB HA META0OIMYECKYI0 AKTHBHOCTh
KynsTypbl Kierok HuTu 80

ITpeBbiienne HOPMATHBHBIX MOKA3aTeell B IPoGe BOIBI —
nITJIK cornacuo CaulluH 1.2.3685-21

Exceedance of regulatory limits in the water sample —
nMAC in accordance with SanPiN 1.2.3685-21

2KusHecnocoOHOCTb KyJIbTYpbI KJIETOK, %
(3nayenne MTT-Tecta onbITHO# / KOHTPONBHO¥ rpynn, M + m)

Viability of the cell culture, %
(MTT assay values for the experimental / control groups, M * m)

Homep npo6bt
Sample number

1 Xnopuasl — 2.7 [IAK / Chlorides — 2.7 MAC
Marnwnii — 2.3 TIJIK / Magnesium — 2.3 MAC
Cynbdater — 1.5 IIAK / Sulfates — 1.5 MAC
Harpwuii — 2.4 TIIK / Sodium — 2.4 MAC

2 Xnopuast — 1.5 [TAK / Chlorides — 1.5 MAC
Marnuii — 1.8 ITJIK / Magnesium — 1.8 MAC
Cynbdatsl — 1.2 [TAK / Sulfates — 1.2 MAC
Harpuit — 2.2 I[TIIK / Sodium — 2.2 MAC

3 Xmopunbr — 1.0 ITJAK / Chlorides — 1.0 MAC
Marnuii — 1.2 TIJIK / Magnesium — 1.2 MAC
4 Xnopuasl — 1.4 [1AK / Chlorides — 1.4 MAC

Marnwnii — 1.1 TTIAK / Magnesium — 1.1 MAC

42.10* (0.264 + 0.057 / 0.627 £ 0.016)

85.86* (0.674 £ 0.027 / 0.785 £ 0.014)

98.09 (0.770 £ 0.028 / 0.785 + 0.014)

104.63 (0.656 +0.071 /0.627 = 0.016)

5 Jlurmit — 2.0 TIIK / Lithium — 2.0 MAC 58.4* (0.426 £ 0.010 / 0.731 £ 0.022)

6 [pesbieHunii He BoIsiBIeHO / No exceedances were detected 85.98% (0.675 £ 0.020 / 0.785 £ 0.014)
7 [pesbilieHnit He BoisiBIeHO / No exceedances were detected 119.78* (0.751 £ 0.031 / 0.627 + 0.016)
8 [pesbieHnit He BbIsiBIeHO / No exceedances were detected 131.10* (0.822 £ 0.05 / 0.627 £ 0.016)
9 [peBbieHnit He BbIsiBIeHO / No exceedances were detected 101.66 (0.798 = 0.025 / 0.785 £ 0.014)
10 INpesbimennii He BbIsiBIEHO / No exceedances were detected 103.03 (0.646 £ 0.028 / 0.627 + 0.016)

TMpumeuanue. 3HaueHrne MTT-Tecta ONMBITHBIX U KOHTPOJIBHBIX TPYIII OMPEIEIISIN KaK Pa3HUILy CPEIHUX 3HAYEHU I ONTUYECKOM TUIOTHO-
CTU 3J110ata, u3MepeHHou mpu 530 1 620 HM. XK13HeCmoCOOHOCTh KyIBTYPhI KJIETOK B KOHTPOJIBHOM rpyrre cocTtapisiia 100%; * — pe3ynbTaThl
MTT-T1ecra uccieayemoii mpoObI BOIABI CTATUCTUYECKHN 3HAYMMO OTJIMYAINCH OT KOHTPOJIbHOM 1TpobsI (p < 0,05).

Note: The MTT assay values for the experimental and control groups were determined as the difference between the mean optical density of the
eluate measured at 530 nm and 620 nm. The viability of the cell culture in the control group was considered to be of 100%; * — results of the MTT
assay for the water sample studied were significantly different from the control (p < 0.05).

of the cells by 57.9 per cent, 14.1 per cent, and 36.2 per cent,
respectively, compared with the control (100 per cent) at p < 0.05.
The levels in these water samples exceeded the hygienic standards
by a factor of between 1.5 and 2.7 times the maximum permissible
concentration (MAC) for chlorides, between 1.8 and 2.3 times
the MAC for magnesium, between 1.2 and 1.5 times the MAC for
sulphates, and between 2.2 and 2.4 times the MAC for sodium,
2 MAC for lithium.

Exceedances of the public health standards for certain
chemical substances in water samples Nos. 3 and 4 (up to 1.4
MAC for chloride and magnesium ions) were not accompanied
by any adverse effects; however, water samples Nos. 6, 7 and 8
caused a statistically significant change in the metabolic activity
of the cells compared with the control (p < 0.05), despite the
absence of any exceedances of the health standards for chemical
content (see Table 1).

To establish a link between the presence of chemical
substances at concentrations exceeding hygienic standards and
changes in the metabolic activity of cell cultures upon exposure
to them, the composition of the water samples under investigation
was replicated in model experiments. The chemical composition
of the model solutions included substances identified in this study
as priority water pollutants in water sources (lithium, sodium
and magnesium ions, as well as chloride and sulphate ions) at
concentrations corresponding to the native water samples Nos. 1,
2, 3, 4 and 5. The results are presented in

Exposure to the model solutions and their corresponding
native samples resulted in a statistically significant reduction in
the metabolic activity of the cells compared with the control
(p < 0.01). Differences in the percentage change in the viability

of the HuTu 80 cell culture following exposure to native water
samples Nos. 2, 3, 4 and 5 and their corresponding model
solutions were not statistically significant (p > 0.05). However, the
metabolic activity of the cells following exposure to native sample
No. 1 and its model solution differed statistically significantly (the
difference in the effects of exposure was 42.7%) (Table 2).

Model salt solutions, whose ionic composition corresponded
to water samples No. 3 and No. 4 (exceeding the MAC by up to
1.4 times), did not cause a statistically significant reduction in
cell metabolic activity (viability 98.1% and 104.6% respectively;
p > 0.05) compared with the control, which is consistent with the
data obtained when assessing the effects of the corresponding
native samples (p < 0.05) (see Table 2).

To establish a relationship between the concentrations of
magnesium, lithium and sodium ions, as well as chloride and
sulphate ions in water, and their effect on the metabolic activity
of the HuTu 80 cell line, the effective concentrations (ECy) of the
ions were determined (Table 3).

It has been established that the calculated EC,, values for
magnesium, sodium, chloride and sulphate ions exceed the
established hygienic standards for their concentration in water
(up to 5.5 MAC) (see Table 3). At the same time, the HuTu 80
cell culture was found to be highly sensitive to lithium ions, the
sensitivity manifesting at concentrations below the maximum
permissible levels.

To assess the combined effect of chemical substances on
the metabolic activity of the HuTu 80 cell culture, the effects
of individual compounds were determined at concentrations
corresponding to sample No. 1, characterised by the highest
number of parameters exceeding the maximum permissible
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Taonuuma 2 / Table 2
Results of the HuTu 80 cell line viability assessment under the exposure to native water samples and model solutions
Pe3yabraThbl OlleHKH JKH3HECTIOCOOHOCTH KYIbTYphl Kj1eTok HuTu 80 npu Bo3aeiicTBUM HATUBHBIX MPOO BOIBI M MOJEIBHBIX PACTBOPOB

ZKu3HecrnocoOHOCTh KYJIbTYPbI KJIETOK IPH BO3IEHCTBIH HATHBHOM
npodbl Boabl, % (3Hayenne MTT-TecTa onbITHOI / KOHTPOIbHOI
rpynn, M £ m)

Viability of the cell under the influence of the native water sample, %
(MTT assay value in the experimental group / control group, M + m)

1 42.1%# (0.264 £ 0.057 / 0.627 £ 0.016)
2 85.9% (0.674 £0.027 /0.785 £ 0.014)
3 98.1 (0.770 £ 0.028 / 0.785 + 0.014)
4
5

2Ku3HecnocoOHOCTh KYJIbTYPbI KJIETOK MPH BO3NEHCTBII MOJEIBHOTO
pactBopa, % (3nauenne MTT-Tecta onbITHOI / KOHTPONBHOI rpym,
Mt m)

Viability of the cell culture under the influence of the model solution, %
(MTT assay values for the experimental / control groups, M + m)

84.8*# (0.642 £ 0.016 / 0.775 £ 0.013)
84.6* (0.656 £ 0.015/0.775 £ 0.013)
98.0 (0.759 £0.024 / 0.775 £ 0.013)

Homep npo6st
Sample number

104.6 (0.656 = 0.071 /0.627 = 0.016) 95.8(0.742£0.014 /0.775 £ 0.013)
58.4*%(0.426 £ 0.010 /0.731 £ 0.022) 61.1% (0.418 £ 0.030 / 0.684 = 0.009)

[Tpumeuvanue. 3HaueHue MTT-TecTa ONBITHBIX U KOHTPOJIBHBIX TPYIIN OMPEAEIsUIM KaK pa3HUILy CPEAHUX 3HAYEHUI ONTUYECKOM TI0T-
HOCTH 3mr0aTa, n3mepeHHoi mpu 530 u 620 uM. 2Kn3HecrmocoOHOCTD KyJIBTYPhI KJIETOK B KOHTPOJILHOI rpyrie coctasisuia 100%; * — pesyib-
TtaThl MTT-Tecta uccaeayeMoit mpoobl BOABI CTATUCTUYECKKM 3HAYMMO OTJIMYATUCH OT KOHTPOJIBHOM mpodsl (p < 0,05); # — craTcTHUecKu
3HAYMMBbIE PA3JTNYMS MEXKIY 3HAUCHUSIMU HATUBHOM MPOOBI M COOTBETCTBYIOIETO MOIe/IbHOTO pacTBopa (p < 0,05 o kpurepuio CThiofeHTa).

Note: The MTT assay values for the experimental and control groups were determined as the difference between the mean optical density of the
eluate measured at 530 nm and 620 nm. The viability of the cell culture in the control group was considered to be 100%; * — results of the MTT
assay for the water sample studied were significantly different from the control (p < 0.05); # — statistically significant differences between the

values of the native sample and the corresponding model solution (p < 0.05 according to the Student's criterion).

Tao6nauma 3 / Table 3
Effective concentrations of inorganic ions for the HuTu 80 cell line

D¢ deKkTHBHBIE KOHIEHTPALMH HEOPTaHWYECKUX HOHOB LISl KYJIBTYPbI
kiaeTok HuTu 80

Hon TLJIK, mr/n ECy (95% IH), mr/a nIIIK

Ton MAC, mg/L ECx (95% CI), mg/L #MAC
Li* 0,03 0.02 (0.00585—0.0719) 0.67
SO& 500 1005.6 (730.7—1376.3) 2.0
Mgt 50 115.4 (77.4—137.1) 2.3
Cl- 350 1259.7 (1033.1—1534.2) 3.6
Na* 200 1100.9 (1001.7—1200.1) 5.5

values. During the study, solutions of MgSQO,, Na,SO,, CaCl,
and NaCl were prepared with ion concentrations corresponding
to those in sample No. 1. The effect of the salt solutions on the
metabolic activity of the cells was assessed by comparing them
with one another, as well as with a model solution and a control
(without toxicants) (Table 4).

The results of a one-way analysis of variance (ANOVA)
showed that the ions present in the salts of model solution No. 1
(Mg, Ca’*, Na*, CI, SO,*), affected the metabolic activity
of the cells to varying degrees compared with the control.

A statistically significant change in cell metabolism was observed
following exposure to the sulphate-containing salts MgSO,
(p = 0.039) and Na,SO, (p = 0.0291). Furthermore, the combined
effect of the components of model sample No. 1 caused the most
pronounced reduction in culture viability (p = 0.0001).

Discussion

The presence of chemical substances in water, intended for
household and drinking purposes, at concentrations exceeding
regulatory limits poses a potential threat to public health and
compromises the hygienic conditions of water use. Consequently,
there is growing interest in the development and application of
methods based on the use of biological models in an in vitro system
as markers of water quality deterioration according to sanitary-
chemical indicators [14, 15]. With the aim of determining the
potential for using the HuTu 80 human duodenal cell culture to
detect chemical contamination in water samples from sources used
for household and drinking water supply, we conducted, for the first
time, a study of native water samples and carried out experimental
modelling of the effects of the identified pollutants (magnesium,
sodium and lithium ions, as well as chloride and sulphate ions).

A comparison of the results of the assessment of the effects
of the native water samples on the HuTu 80 cell culture with their
chemical composition made it possible to establish a link between
changes in cellular metabolic activity and the concentration of

Taonuuma 4 / Table 4

The influence of a model water sample and its component composition on the metabolic activity of the HuTu 80 cell line
BamsiHue MoaeIbHOI POOBI BOJbI U €€ KOMIIOHEHTHOTO COCTABA HA META0OIMYECKYI0 AKTHBHOCTD KYJIbTYpbl KieTok HuTu 80

I1poda BoaBI (KM3HECTIOCOOHOCTD KY.JIbTYPBI
K1eToK 1o pesyibratam MTT tecra, %)

ToKCHKAHT (KH3HECTOCOOHOCTD KY.JIbTYPBI KJ1eToK mo pe3yasratam MTT Tecta, %
Toxicant (cell culture viability based on MTT assay results, %)

MopelibHblii pacTBoOp
npodsr Ne 15 (84.8%)

Water sample (cell culture viability based on MTT Model solution of sample
ple ( assay results, %) MgS0, (89.0%) | Na;SO4(92.2%) | CaCl,(98.8%) | NaCl(101.8%) N 15 (84.8%)
MonenbHblit pactBop mpoobl Ne 15 (84.8%)  p=0.0390 »=0.0291 »=0.0001 p=10.0001 -
Model solution of sample Ne 15 (84.8%)
Konrpons (100%) / Control (100%) p=0.0002 p=10.0003 p=10.9985 p =0.9864 p=10.0001

IIpumevyanue. B ckoOKax ykazaHO 3HAUYEHUE KMU3HECTIOCOOHOCTHU KYJIBTYPhI KIETOK 10 pe3ynbrataMm MTT-tecta (% ot KoHTposist). 3Ha-
YEHUS p MPUBEAEHBI IS TAPHBIX CPABHEHUI MEXKIY COOTBETCTBYIOIIMMU MPOOGAMU BOIBI U TOKCHMKAaHTaMU. 2KHM3HECTIOCOOHOCTD KYJIbTYPhI
KJIETOK B KOHTPOJIBHOI TpyIIIe (IMCTUIIMPOBaHHas Boa) cocTanisiia 100%.

N o te: Values in parentheses indicate cell culture viability as determined by the MTT assay (% of control). p-values are provided for pairwise
comparisons between corresponding water samples and toxicants. Cell culture viability in the control group (distilled water) was of 100%.
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certain ions in the samples. Thus, a reduction in cellular metabolic
activity was observed in response to exposure to water samples in
which the levels of chlorides (up to 2.7 MAC), magnesium (up to
2.3 MAC), sulphates (up to 1.5 MAC), sodium (up to 2.4 MAC)
and lithium (up to 2 MAC). The results obtained are corroborated
by data from experimental modelling of the effects of salt solutions
(matching the composition of the native samples), according to
which there were no statistically significant differences in changes
in the metabolic activity of the cell culture between the native
samples and the model variants (p > 0.05).

It is important to note that concentrations of magnesium
ions and chloride ions exceeding regulatory limits by up to 1.4
times the MAC did not lead to any change in metabolic activity
at the cellular level. Thus, it has been confirmed that these
chemical substances are low-toxic and are regulated on the basis
of organoleptic indicators of harmfulness. The adverse effects of
magnesium, sodium, lithium, chloride and sulphate ions in those
samples, where they were observed, are most likely attributable
to osmotic stress, disruption of ionic homeostasis and DNA
fragmentation caused by their excessive concentration in the
culture medium [16—19].

A water sample from a water source is a complex, multi-
component solution in which chemical substances are present in
various concentrations and combinations. According to the results
of modelling of the combined effect of priority water pollutants
from water sources on the HuTu 80 cell culture, it was found
that the effect of the mixture of substances (model sample) was
statistically significantly greater than their individual effects. The
most pronounced change in metabolic activity was recorded
when the cell culture was exposed to native water sample No. 1
(cell viability 42 per cent) compared with the model solution (cell
viability 84.8 per cent); this is due to the combined action of all
the chemicals contained in the water sample, as well as, probably,
the presence of pollutants not included in the list of those assessed
during the chemical-analytical study.

To determine the sensitivity of the cell culture to the
concentration of priority pollutants in the water, an assessment
of their effective concentrations was carried out. It was shown
that the sensitivity of the cell culture to sodium, magnesium,
sulphate and chloride ions, at a 20% change in metabolic activity,
corresponds to concentrations of these substances ranging from
2 to 5.5 times the maximum permissible concentration (MAC).
Sensitivity to lithium ions was observed at concentrations below
the maximum permissible level, demonstrating the potential for
using this cell culture in monitoring studies and for detecting
chemical contamination of water sources by these substances.

The process of identification of substances, not included in
the mandatory list of parameters monitored in water from water
sources within supervisory measures, requires the extended
laboratory tests of water quality. According to MR 2.1.4.0176—202,
a comprehensive assessment of water source using an extended list
of parameters must be carried out at least once every five years.

However, in the emergency circumstances of the arrival into
the water source of chemical substances, including previously
unidentified ones, resulting from anthropogenic pollution, the
HuTu 80 cell culture could potentially be used as a screening
test for the rapid detection of chemical contamination in water.
Thus, the observed change in the metabolic activity of HuTu 80
cells following exposure to water samples from water sources, in
which no exceedances of regulatory limits were recorded, may
potentially indicate the presence of chemicals not included in the
list of regulated substances. Thus, the test may serve as a basis for
conducting an extended chemical-analytical investigation of the
water source with the aim of identifying specific compounds to
which the cell cultures are known to be sensitive, based on the
results of laboratory tests.

The absence of a specific reaction in human cell cultures to
the chemical composition of the test water sample, and the lack
of a well-founded mechanism for extrapolating the results to the
human body, highlights the need for further research to identify
pathogenetic markers characterising the development of general
toxic processes in cell cultures (including the human duodenal
adenocarcinoma HuTu 80) and in the human body.

Conclusion

The results of the study conducted on native water samples
from sources used for household and drinking water supply,
and the experimental modelling of their composition based
on an approach applied by us for the first time, demonstrated
the potential of using the HuTu 80 cell culture to detect
chemical contamination. Experimental modelling of the
effects of individual chemicals at concentrations exceeding
maximum permissible limits showed that these substances
can influence the metabolic activity of the HuTu 80 cell
culture. The greatest sensitivity of HuTu 80 cells, observed at
concentrations comparable to established hygienic standards
(0.7 MAC), was noted for lithium ions. The cells’ response to
exposure to individual priority pollutants in water from water
sources correlated in most cases with the results of modelling
the chemical composition of native samples Nos. 2, 3, 4, and
5; sample No. 1 was the exception. In the latter case, the cell
culture’s response may have been due to the presence of
substances whose effects were not taken into account in the
modelling of the chemical composition (or which were not
included in the list of substances assessed on the basis of the
results of physicochemical analysis). The results have identified
the potential for further research aimed both at assessing the
sensitivity of cell cultures to chemical substances not included
in the minimum mandatory list of substances to be assessed
(MR 2.1.4.0176—20), and at identifying pathogenetic markers
characterizing the development of general toxic processes in cell
cultures (including the HuTu 80 duodenal adenocarcinoma) and
in the human body.
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