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fish should serve as the convenient and alternative
animal models that mimic hyperglycemia states and
react similarly to glucose toxicity as higher vertebrates
(Falfushynska et al., 2019). Then we are following new
research tasks and evaluate the response of Cyprinus
carpio red blood cells (RBC) to high glucose exposure
in vitro and potentials of medicinal herbs (Catharanthus
roseus and Momordica charantia) and zinc-containing
compounds against glucose toxicity. RBC were incu-
bated at 20 °C for 48 h with manufactured ZnO nano-
particles (77 pmol), herbal extracts (leaf extract of
C. roseus and fruits extract of M. charantia) and syn-
thesized (by means of green-synthesis technology)
ZnO-herbal complexes. Experimental groups were
constituted of RBC in 40 mM glucose, and simulta-
neously exposed to zinc-containing substances and
herbal extracts, when control was treated with 5 mM
glucose. We determined oxidative stress parameters,
namely catalase, lipid peroxidation, protein carbo-
nylation and glutathione, as well as rate of hemolysis.

The results showed that the glucose treatment
was capable of causing the oxidative stress and
enhancing the rate of hemolysis. When glucose-
treated RBC were probed with tested compounds,
specific response to different co-exposures, but similar

to compatible compounds was disclosed. Co-treatment
of RBC with nano-zinc oxide deepened changes
induced by glucose, videlicet stimulation of lipid and
protein oxidation and oppression of catalase and
glutathione. Momordica which is well-known nutra-
ceutical with metabolic and antiglycemic effects and
tested Catharanthus roseus both in herbal extract and
ZnO-herbal complex have protected RBC from lipid
and protein oxidation induced by glucose, highly likely
via stimulation of antioxidants namely catalase and
glutathione which came back to control baseline. The
ability of Catharanthus and Momordica ZnO-containing
complexes to protect RBC from glucose-induced cell
lysis was first investigated. Extensive hemolysis was
induced in the presence of glucose alone, while cells
co-exposure with herbal extracts and particularly with
ZnO-herbal complexes the oxidants demonstrated a
reduced rate of hemolysis when faced with glucose.

Obtained results disclosed the necessity of further
studies of the antihyperglycemic activity of M. charantia
and C. roseus as well as their green-synthetized ZnO
nanoparticle and mechanistic explanation of their
potentials.

This work has been granted by the Ministry of
Education and Science of Ukraine (P. # 133B).

BIOCHEMICAL BASIS OF THE ADAPTATION OF BIVALVE MOLLUSKS
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The development of a stress syndrome is a typical
response to environmental challenges. However, dur-
ing the last decade,the comparison of different species
and populations in their ability to produce stress re-
sponse detected that invasive species or the popula-
tions adapted to the polluted environment are more
tolerant towards stress than taxonomically related
native species or the populations from pristine sites.
This regularity mainly relies on the studies of aquatic
animals according to the “stress on stress” scenario.
Bivalve mollusks are excellent indicator organisms to
assess the effects of environmental stressors on
aquatic ecosystems and human exposure. The objec-
tive of this study was to compare the limits and direc-
tions of stress responses in the native and invasive
species of bivalve mollusks from different populations.
For this purpose, we selected the native species swol-
len river mussel Unio tumidus and invasive species

e-mail: Oksana.Stolyar@tnpu.edu.ua

zebra mussel Dreissena polymorpha inhabiting artifi-
cial reservoirs that are presumably polluted by mu-
nicipal and agricultural effluents (A-groups) and from
the natural sites in the rural or pristine areas, presum-
ably clean (C-groups) in Ukraine and Latvia. We ap-
plied the widely utilized biochemical markers, namely
the indices of oxidative and reductive stress, metallo-
thionein concentration and cholinesterase (ChE) activ-
ity. Vitellogenin-like proteins, determined as alkali-la-
bile proteins (ALP), were included as components that
supply gametogenesis with phosphates and zinc and
can be induced by endocrine disruptors. The indices
of apoptosis, caspase-3 and cathepsin D and lyso-
somal permeability were also evaluated.

The indigenous A-mussels demonstrated the
peculiar responses typical for the polluted environ-
ment: the depletion of the ChE and increased level of
ALP (by ~5 times). They were also distinguished by
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the loss of lysosomal integrity and high glutathione
S-transferase (GST) activity that can be induced by
the pollution by organic substances. Level of metallo-
thioneins was highest in the A-group of U. tumidus
from four groups of comparison that can be explained
by the high copper concentration in the tissue of diges-
tive gland. The highest cathepsin D lysosomal activ-
ity and efflux in the A-group of U. tumidus attested the
response of autophagy. All these signs reflected the
impact of pollution by neurotoxic substances, endo-
crine disruptors and toxic metals. On the other hand,
the indigenous C-mussels had the highest levels of
oxidative stress indices, both reduced glutathione
(GSH) and the lipid peroxidation detected as the ac-
cumulation of TBARS.

Invasive species demonstrated some similar
peculiarities of A- and C-groups in terms of the oxida-
tive stress response (GSH depletion) and ALP level.

However, the GST and ChE activities and metallothio-
nein concentration were similar in A- and C-groups.
Unexpectedly, the lysosomal cathepsin D efflux in the
A-group of zebra mussels was 1.6 times lesser than
in their C-counterparts.

The calculation of integrated biochemical marker
response index (IBR) indicates the highest limits of
responses in the indigenous mollusks, particularly due
to markers of toxicity in the A-groups and stress re-
sponses in the C-groups. This comparison gives a
new proof to the regularity that the invasive species
are more tolerant to the polluted environment compare
to the native species.

This work has been granted by the awards of
Ministry of Education and Science of Ukraine to Ok-
sana Stoliar (Projects M/70-2017; M/35-2018 and
132B) and State Education Development Agency of
Latvia to Gunta Springe (Project LV-UA/2016/5).

BIJIbHOPAJTUKAJIBHI ITPOITECH Y ITEYIHIII MUIIEN PI3HOI'O BIKY
3A YMOB IIEPIOJVYHOTI'O I'0OJ/IOJYBAHHSA

XOM’SIKOBA I., MOCIAYYK H.
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MeviHKa € LeHTpasibHUM OpraHoM y romeoctasi
[/1H0KO3K, MeTaboni3mi Ta AeTOKCMKALLl KCEHOBIOTHKIB,
6iocnHTEsi Ta AerpagaLii CTepoigHUX FOPMOHIB. Xoya
OCHOBHI (DYHKLii NeYviHK1 fo6pe 36epiratoTbCs 3 poka-
MW, AesiKi 3MiHW BCe X BiAOyBatoTbCS, 30KpeEMA 3HU-
XYETbCS 3[aTHICTb A0 pereHepadii Ta neyviHKoBuiA
KnipeHc nikapcbknx 3acob6iB. Ha gogatok, 3 BIKOM
3HKYETHCA aKTUBHICTb @HTUOKCUAAHTHUX EH3VMIB Y
neviHui, Wo MoXe Npu3BOAUTM A0 MOLUKOMXKEHHS
npoTeiHiB Ta ninigis. MNepiognyHe ronogyBaHHs €
ofHi€et0 3 cTpaTerii NPOAOBXKEHHS TPUBAIOCTI XUTTSA
Ta 3HWXEHHS 3aXBOPIOBaHb, NOB'A3aHUX 3 BIKOM.

MeToto faHoi poboTn Byno AoCAiANTN IHTEHCUB-
HICTb NPOLLECIB OKMCMEHHS Ta aHTUOKCUAAHTHOro
3axXMCTy Y NeuviHLi MULLIEei pi3HOro BiKY 3a YMOB nepi-
OOMYHOTO roNoAYyBaHHA. EKCnepyMeHT npoBoanan
Ha muLwax niHil C57BL/6 060X cTaTei TpbOoX BiKOBUX
rpyn: 6-, 12- Ta 18-micaujis. MuLleii po3ginanv Ha api
rPynu: KOHTPO/IbHY, sika OTPMMyBasia HEOOMEXEHWA
OOCTyn A0 DKi i gocnigHy, sika nepebysasia Ha pexuMi
nepioguyHoro ronogysaHHa (MMM nporarom 3 micAuiB
(4Nns 6-micauHMX TBapKH) abo 6 micAuiB (415 BIKOBMX
rpyn 12- ta 18-micsauis). o 3aKiH4eHHi eKcrepuMeHTy
TBapVH AekaniTyBasv, LWBUAKO Bigoupasiv neyiHky,
npomMmBasn i3ioNoriYHUM PO3YNHOM Ta 3aMOPOXY-
BaUIM Y PiAKOMY a30Ti A/19 NoAasbLIOro aHanisy. Y
MeviHLi B1U3Ha4YaIn BMICT KapOOHiIbHUX rpyn npoTei-
HiB, NepoKcKAIB NinigiB, rNOTaTiOHyY, a TaKoX aKTUB-
HICTb aHTUOKCUAAHTHUX eH3UMIB. CTaTUCTUYHY 06-

IBAHO-®PAHKIBCBK, YKPAIHA;
e-mail:irynakhomiakova@ukr.net

POO6KY AaHMX NPOBOAWN 3 BUKOPUCTAHHSM Nporpamu
GraphPad Prism 7, 4ns OLiHK/ BOCTOBIPHOCTI Pi3HMLi
BMKOPUCTOBYBaU/IN TECT ThHOKI.

BmicT kap6OHIiNIbHMX rpyn NPOTETHIB BiporigHO He
3MiHIOBaBCA 3 BIKOM Y MNeuyiHLi camuis, Ta AeLlo 3MeH-
LUyBaBCA y camok. [NepiognyHe ronogyBaHHs 3yMOB-
NI0BaAN0 HWKYUIA piBEHb OKUC/IEHWUX MPOTEIHIB Y
6-MiCAYHMX camUiB Ta 12-MiCAYHNX CaMOK, MOPIBHSHO
3 BiANOBIAHUMW KOHTPONAMU. |[HTEHCUBHICTL ne-
POKCMAHOTO OKMUC/IEHHA Ninigis 6yna BULLOK Y NeYiH-
i 12- Ta 18-Micsa4HNX TBapuH 060X cTaTei NopPiBHAHO
3 TaKoK Y 6-MiCAYHNX MULLEN. MepiognyHe ronoay-
BaHHS He BNAMBaJIO Ha AaHWii NOKA3HUK Y NediHLj
MULLIEN. BMICT BigHOB/IEHOTO [/HOTATIOHY 3HUXXYBaBCS
3 BIKOM 5K Y camLiB, Tak i y camok. MNepiognyHe rosno-
[OYBaHHS 3HWKYBaUT0 BMICT BiZHOB/IEHOTO [/10TATIOHY
y MeuyiHLji caMOK TPbOX BIKOBUX rpyn Ta 12-MiCAYHUX
camuiB. BMICT OKMCNEHOTO I0TaTioOHy 6yB BULLMM Y
neyiHyi 12- ta 18-mMica4HMX camok NOPIBHAHO 3 6-Mi-
cAaYyHUMK. B ymoBax M gaHuin NokasHMK 3HWKyBaBCS
y 6- Ta nigsuLlyBaBcs y 12-MiCAYHMX CaMOK. AKTUB-
HiCTb cynepokeungamcmyTasun (CO/L) 3poctasia 3 BikOM
y MeviHuji camuiB Ta He 3MiHIoBaiaca y camoK. 3Hu-
XeHHs akTuBHocTi CO/l cnocTtepirasiocs y nediHui
18-micayHmx camuyi Ta 12- i 18-Mica4HMUX camok, SKi
nepebyBann B pexumi M. AKTMBHICTb KaTanasun Ta
rnoTarioH-S-TpaHcepasu (F'ST) 3HMXKyBanacs 3 Bi-
KOM Y MeuiHLi K caMuiB, Tak i caMok. lNMepiognyHe
rON0AyBaHHS 3HKYBaU10 akTUBHICTb KaTasiasu TiflbkKn
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