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Microplastics became the internationally recognized as
ubiquitous pollutants with potentially serious consequences in the
environment [3]. Microplastics resulted from the utilization of plural
plastics originated from the personal care products. They are also used
in medical applications, e.g. in dentist tooth polish, and as carriers to
deliver active pharmaceutical agents. The studies of their effects on
the aquatic organisms are mostly focused on the marine organisms. It
was shown the mechanistic disturbing of subcellular structures,
namely lysosomes in marine mollusk species [3].

However, freshwater species that are main their living targets in
the environment are investigated less. In the realistic environment
microplastics are combined with the plural other contaminants.
Expectedly, it can sorb these substances and change their biological
activities. Nonsteroidal anti-inflammatory drugs (NSAIDs) are a
group of pharmaceuticals widely and highly consumed in the market
due to a low price and over-the-counter accessibility. lbuprofen, an
inhibitor of prostanoid biosynthesis, is a common NSAID used for the
management of pain, inflammation and fever. NSAIDs have been
detected in the environment in the range from ng/L to pug/L only, but
their disruptive effects on the aquatic animals is evident. Microplastic
was shown to sorb NSAIDs ibuprofen, naproxen, diclofenac, mainly
ruled by hydrophobic interactions [1]. However, its function as the
catalyst for the impact of pharmaceuticals is underestimated and
requires a crucial examination. Filter feeders, such as bivalve
mollusks, are particularly vulnerable to microplastic ingestion in wild
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as they are able to feed directly on it and may even selectively ingest
them. To consider the possible interaction of the confounding factors
(eco-exposome approach), the history of population must be taken into
account. It was shown the site-dependent differences in the oxidative
stress parameters and apoptotic activities among the populations of
mollusks from the areas of intense human activity and pristine sites

[2].

The goal of this study was to elucidate the ability of
microplastic to influence the biochemical responses of freshwater
bivalve mollusk to NSAID ibuprofen in the environmentally relevant
sub-chronic exposure, utilizing the oxidative sress and toxicity
biomarkers. The specimens of bivalve mollusks Unio tumidus were
collected from two populations: in pristine (Pr) and agricultural (Ag)
sites. We treated mollusks with microplastic PET particles (M, 1 mg
L', obtained from the powder which was sieved with a standard mesh
of size < 0.5 mm), ibuprofen of pharmaceutical quality (I, PJSC SIC
Borshchahivskiy CPP, MO1A EO1, 0.8 pg L'), or with their
combination (M) for 14 days.

Untreated mussels from both sites (PrC and AgC) were also
examined after the same time of being in the laboratory tanks. The
antioxidant activity was assessed from the Mn- and Cu,Zn-superoxide
dismutases (Mn- and Cu,Zn-SOD) and catalase (CAT) activities,
levels of the products of lipid peroxidation (TBARS) and protein
carbonyls (PCs). The cytotoxicity was estimated from the
cholinesterase (ChE) and lysosomal membrane stability (Neutral Red
Retention (NRR) assay).

We have found significantly different manifestations of control
groups of mussels collected at a relatively unpolluted site (PrC-group)
as compared with those collected at a contaminated site (AgC-group)
for indicators of oxidative stress, even after being kept for 21 days in
laboratory conditions. Particularly, the residents of two populations
were distinguished by substantially stronger antioxidant defense. In
the digestive gland of the mollusks from pristine site, the activities of
the Mn-SOD, Cu,Zn-SOD, catalase were by 4.7, 1.2, 1.7 times higher
correspondingly, and the concentrations of TBARS and PCs were by
1.3 and 1.5 times lower correspondingly.

The level of the soluble protein was higher in the 1.3 times in
the PrC-group. Importantly, the ChE activity was lower 1.3 times in
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the AgC group indicating the severe neurotoxicity of the environment.
Hence, the mollusks from the Ag site were more subjected to stress
due to weak antioxidant activities, high level of oxidative destruction
and presence of neurotoxic substances. Expectedly, they were less
able to adapt to the additional adverse effects. However, the NRR
values were similar in both control groups confirming the absence of
the severe site-related toxic impacts.

The exposures affected the activities of antioxidant enzymes
similarly in the representatives of both populations. The redistribution
of SOD activities was shown with the elevation of Mn-SOD and
decrease of Cu,Zn-SOD activities under the effect of M. It was reveled
under the combine exposure (MI-group). Similarly, the increase of
catalase activity was indicated specifically in the Ml —groups from
both populations. The significant increase of TBARS level under the
exposure to M and MI was indicated only in the Ag-groups. Only the
responses of PCs to exposures were different in two populations.
Precisely, in the PrMI- and Prl-groups, the PCs level was increased,
whereas in the AgMI- and Agl-groups it was decreased compared to
corresponding control value. The changes of the soluble protein level
were similar but less prominent.

The ChE activity was sensitive to the ibuprofen demonstrating
the significant increase in the PrMI- and Agl-groups. At that, the
results did not detect the oppression of ChE activity in all
experimental groups indicating the absence of severe toxicity. The
NRR test has shown the selective differences only depending on the
ibuprofen presence and only in the Agl-group. Consequently, this
effect was specific to the ibuprofen but was revealed only in the group
subjected to the complex pressure of ibuprofen and chronic
environmental pressure.

According to the Principal Component Analysis (PCA), the
negative intercorrelation of Mn-SOD and CAT from the one side and
TBARS from another side against the Axis 1 was the most important
regularity in the determining of the oxidative stress response. The
NRR index was separated independently against the Axis 2 of the
PCA plot.

Discriminant analysis loaded all studied groups from the Ag
population with the highly distinct group centroids and located
separately Prl, PrM and jointly PrC and PrMI from the Pr population.
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In both populations, the combine exposed group loaded the middle
position between | and M groups, indicating the interconnection of
microplastics and ibuprofen effects.

Collectively, this study suggested that the microplastic leveled
the particular effects of ibuprofen but induce the oxidative stress in the
sub-chronic environmentally realistic exposures of the freshwater
molluscs. However, the specimens from the polluted site were more
vulnerable in all exposures. These results confirm the valuability of
the utilized model to understand the earlier effects of microplastic in
the combine environmental exposure, and the importance of the initial
resistance of the organism depending on its history of population.

This work has been granted by the Ministry of Education and
Science of Ukraine to Oksana Stoliar (Ukrainian-Lithuanian R&D
Project No M19/2020).
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BigmoBigHO 10 METH CepeaHbOl 3aralbHOOCBITHROI IITKOJIH
BUBYCHHS MPHUPOJHMYMX JUCIMIUIIH B I1HTErpOBaHOMY Kypci
«[IpuponoznaBcTBo», Mae  3abe3rmedyBaTd  3HAHHS  YYHSIMHU
(GyHIAMEHTaTbHUX 3aKOHIB TPHUPOAW, (OPMyBaHHA HAYKOBOTO
CBITOTJISIy YYHIB 1 Cy4acHOi MPHUPOTHUYO-HAYKOBOI KapTHHU CBITY,
PO3YMiHHS TJIOOAJIBHMX TIPOOJIEM CYYacCHOCTI Ta KOMILJICKCHOTO
MiaXomy M0 iX po3B’s3aHHS, IIHHICHOTO CTAaBJICHHS N0 TPHUPOIH,
CTparterii MOBeTiHKY JIOAWHU B Oiocdepi.

[IpoGiieMa MiXKIpeAMETHUX 3B’ SI3KIB HE HOBA 1 JIOCIIKyBaJlach
OaratbMa auAakTaMu Ta MeTtoaucTamu. CyTh MIKIIPEIMETHUX
3B’s13KiB, iX (QYHKImII Ta BUAM PO3KPHUBAIOTHCH Y MOCIIHKEHHIX
Bbopucenka H. ®., Copokina H. A., Boponinoi JI. I1., MansoBaHOTO
1O. L. Ta iHuX aBTOpIB.

HesBaxkaroun Ha 3pocTaroyMii iHTEpeC BUYCHHX JIO MPOOIEeMHU
peaiizamii MDKIOpEIMETHHX 3B’S3KiB y HaBYaHHI Ximii, OioJorii Ta
¢bi3uKH, icTOTHI MUTaHHS (OPMYBAHHS B YUHIB MIXKIIPEIMETHUX 3HAHb
me He po3p’s3aHi. 30Kpema, HE BH3HAueHI Kpurepii BizOopy
MDXKIpPEIMETHAX BiJIOMOCTEH 10 KOHKPETHOTO YPOKY, HEOOXITHUX ISt
YCBIJIOMJICHOTO 3aCBOEHHSI YUHSIMH 3HaHb [TPUPO03HABCTBA.

3aBmaHHSIMM HAIIOTO JOCIIKEHHsT Oyno: 1) BUSBUTH YMOBH,
10 3a0e3MevyIoTh ePEeKTUBHY peai3alilo MKIPEAMETHHX 3B SI3KiB Y
HaBYaHHI Ximii, Oiosorii Ta ¢i3uKH; 2) BU3HAYUTH UPUHIUIN Ta
KpuTepii BiOOpY MDKOpeAMETHOTO Matepiany; 3) po3poOHTH
METOAMKY peaji3amii MDKOpeIMETHHX 3B’SI3KIB Ha  ypoKax
NPUPOIO3HABCTBA B CTAPIIIN IIKOJII.

B Hamr wac ojHi JOCHIIHUKKA PO3MJIAAAIOTH MDKIPEIMETHI
3B’S3KM K JUIAKTHYHUN CKBIBAJICHT 3B’SI3KIB MDKHAyKOBHX, IIIO
BUHHKAIOTh y MPOLIECI B3a€EMO/ii HAyK PU BUBUEHHI SBUII IPUPOAU T
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