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BUTEJUIOTEHE3 MW BUOTPAHCOOPMAILIMOHHASA AKTUBHOCTDL JIAT'YIIKU I1PU
BO3AENCTBUU KOBAJIBTA, IMHKA 1 NX OPTAHMYECKNX KOMITJIEKCOB

JIATyIIKM BOCHPHMHMMYHMBBI K aOCOPOLMHM TOKCHKAHTOB W3 BOJbI HA NMPOTSHKCHUH BCEX JKU3HCHHBIX
craguii. Llenplo 3TOro WccieIoBaHUS CTANO OLCHUTHh BIUSHUE MPOMBIIUICHHBIX HAHOKOMIIO3HTOB
(NC) — Co-NCu Zn-NC, cootsercTByiomux kouuenTpamuii Co™ (50 mxr/nv®), Zré* (100 mxr/mm®),
i noauMepHoro Matepuana (PS)na cammor nsarymku Rana ridibunda va mpotsokennn 14 cytok.
Omnpenensii ypoBeHb BUTEIUIOTCHUHA U sepHe noBpexaeHus (NL) B KpOBH, aKTUBHOCTh LIUTOXPOM
P450saBucumoii  monookcurenazsl (CYP450) u rimyratnon Sapancdepasst (GST), a Taxke
pacnpenenenue Zn, Co, Cu, Cd meuenu. Zn, Zn-NCu PS BbI3BIBANIN TOKCHUECKUE TPOSIBICHHUS:
kceHodcTporeHHslit apdekr (Zn u PS),yruererne GST (Zn-NC),yBenmuenune yncna NL (ZN-NC u
PS).AxktuBaocts CYP450B03pocTana Toibko npu neiictBun Co-NC,torna kak Apyrue Bo3aeHCTBUS
yraeramu ee. [leiicteue CO m CoO-NC mpuBommiio K yBETHYCHUIO COOTHOUICHHS KOJMYECTTBA
(Cu+Co)/(Zn+Cd)B meramnoTnoHenHax, Torna kak Zn, Zn-NCu PSBb3bIBanu ero yBenuueHue B
JIPYTHX KOMIIOHEHTaX TKaHW. JTa UCKIIOYHUTENbHAS YYBCTBUTEIBHOCTh OTIMYATIA PEAKIMU JISATYIIKH
oT priObI Carassius Spu3y4YeHHOI PeABapPUTEIHHO.

Knouoei  crosa.  kobanem, yunk, HamopasmepHwii komnosum, Rana ridibunda, eumennocenun,
MeMaIIOMUOHEUH, YUMOMOKCUUHOCTb
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ENDOCRINE DISRUPTION AND CYTOTOXICITY IN BIVALVE
MOLLUSK UNDER THE COMPLEX EXPOSURE TO ZINC
NANOOXIDE

Despite metal-contained nanoparticles (n) represewel kind of environmental pollution, their
toxicity to aquatic habitats is unclear with regatd multiple stress exposures. In present studje m
Unio tumidus were exposed for 14 days to n-ZnO (M), Zn** (3.1 uM), Ca-channel blocker
nifedipine (Nfd, 10uM), combinations of n-ZnO and Nfd or n-ZnO and ttadbamate fungicide
Tattoo (Ta, 91 pg L) at 18C, and n-ZnO at 2&. Activities of vitellogenesis (Vtg), stress and
detoxification systems (Mn- and Cu,Zn-superoxidarditase, metallothionein (MT), EROD), nuclear
lesions (NL) and choline esterase (ChE) activitgravanalysed. Vtg and NL were elevated in most
exposures. N-Zn(per se did not provoke any other changes of indices enl#n. In combine
exposures, the activation of stress-responses, E&@phenoloxidase activities were detected. Nfd
caused the most prominent modulations of n-ZnOceféa Vtg and MT. Only Zn and Nfd caused
ChE depletion.

Keywords: bivalve mollusk, zinc nanooxide, heating, nifedipine, thiocarbamate, combine exposure, biomarker

Nanoparticle toxicity is a growing concern in freglter habitats; however, understanding of the
nanoparticle effects on aquatic organisms is imgduaethe lack of the studies of the nanoparticles
effects in the environmentally relevant context miltiple stress exposures. Metal-contained
nanoparticles can be transformed in aquatic organisy reactions with biological macromolecules,
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redox reactions, aggregation, and dissolution. &foee, in order to use bivalves as bioindicators of
nanoparticle toxicity, it is important to distinghi between the physiological and cellular respottses
nanoparticles compared to the effects of their et metals, as well as assess the nanoparticle
toxicity in the context of other common stressoms aquatic habitats [1, 6]. In the polluted
environments, theumulative effects of the various stressors thatoacsimilar pathways (such as
oxidative stress, apoptosis) or on the same maledalgets camomplicate the interpretation and
assessment of responses to nanoparticles [1,72, Bherefore, it is important to study the effeots
nanoparticles such as n-ZnO in the context of ott@nmon environmental stressors. Elevated
temperature is a common stressor in temperate iagoabitats that has profound effects on all
physiological functions of aquatic organisms [4,18]this study, we evaluated the effects of n-2nO

a model organism, a musdéhio tumidus, and the potential modulation of these effectsdmnmon
co-occurring environmental stressors

Materials and methods

Adult Unio tumidus (Unionidae)(~ 6 years old8+1 cm length, and 42+5 g weighjere collected in

a pristine site located in the basin of DniestereRi(Ukraine).Specimens were preacclimated to the
laboratory conditions. One group was exposed tatuarium water only and was considered control
(C). Other groups were exposed to zinc nanooxidZn@, 3.1 uM), zinc ions (Zn, 3.1uM),
pharmaceutical Ca-channel blocker nifedipine (Nf@,uM), combinations of n-ZnO with Nfd (n-
ZnO+Nfd) or with thiocarbamate fungicide TattooZn©+Ta, 91 pg [') at 18C, and to n-ZnO at
25°C (n-ZnO+°). The utilized methods for the determining of tiiemarkers of stress, endocrine
disruption (vitellogenesis in male specimens) ayttoxicity are described in our previous articles
[1-7].

Results and discussion

Data are represented in Tables 1, 2. Most commsporeses to the exposures were the elevation of
vitellogenin-like proteins (Vtg-LP) in the gonadEmale mussels that reflect xenooestrogenic effect
in males.

Table 1
Endocrine disruption and stress responsés tamidus, M+SD, N=8

Parameters Groups

K ZnO Zn ZnO+t Nif Nif+ ZnO+

Zn0O Ta

Mn-SOD, 2,7+ 2,61 4,5+ 3,8+ 2,9+ 2,61 4,5+
(RU-mg* 0,3 0,3 1,1* 0,3* 0,5 0,4 0,6*
proteins)

Cu,Zn-SOD, 1,0+ 2,4+ 1,8+ 0,6+ 2,6+ 4,0+ 3,0+
(RU-mg* 0,2 0,3* 0,3* 0,1* 0,9* 0,5* 0,5*
proteins)

MT (from 16,2+ 14,9+ 13,0+ 12,9+ 36,3+ 30,4+ 13,1+

Cu,Zn,Cd), 1,7 1,7 1,4* 1,3* 2,8* 2,7 1,3*

ng-g' FW
Vtg-LP in 10,0+ 17,3+ 42,8+ 25,3+ 12,8+ 10,9+ 27,3+

gonadsug R-mg 1,1 3,2* 5,1* 6,2* 3,5 2,7 4,6*
! proteins
Vtg-LP in 2,9+ 6,5+ 3,1+ 4,0+ 2,9+ 1,7+ 3,0+
hemolymphyug 0,1 1,3* 0,4 1,3 0,5 0,2* 0,5
P-mg’ proteins

In tables 1, 2: * — indicate values significantlifferent from control (P<0.05). The abbreviationg a
presented in the text.

In the hemolymph the alteration were different fesd appeared. Nuclear lesions (the elevated
number of hemocytes with micronuclei and nuclearoatmalities) were detected in most exposures.
N-ZnO per se did not provoke any other changes of indices. l@ndther hand, exposure to Zn and
Nfd demonstrated the signs of neurotoxicity (cheliesterase (ChE) depletion). In combine
exposures, the activation of stress-responses,ostoral biotransformation (EROD and phenol
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oxidase activities) was detected. Nfd caused thet m@minent modulations of n-ZnO effect on Vtg-
LP and metallothionein (MT). These data prove the évidence of the release of Zn from n-ZnO in
the mussels due to different mechanisms of n-Zn@ &n effects and confirm our previous
conclusions [6].

Table 2
Markers of toxicity inU. tumidus, M£SD, N=8.
Parameters Groups
K ZnO Zn ZnO+t Nif Nif+ ZnO+
Zn0O Ta
EROD, pmol min*: | 2,9+ 2,8+ 1,8+ 3,1+ 3,6+ 3,1+ 5,2+
mg* proteins 0,1 0,1 0,2* 0,2* 0,4* 0,3* 0,3*
Phenoloxidase, 24,2+ 22,9+ 24,6+ 28,7+ 44,1+ 24,5+ 29,2+
nmol/(minmg 2,5 3,9 3,1 3,2* 8,2* 2,3 4,2*
protein)
Phenol oxidase +| 6,0+ 6,5+ 12,7+ 13,8+ 1,5+ 1,1+ 14,4+
CTAB, 0,9 1,2 2,3* 2,4* 0,3* 0,2* 2,4*
nmol/(minmg
protein)
ChE, nmol-min' 2,8+ 3,2+ 2,0+ 2,9+ 1,9+ 2,4+ 2,3t
mg* proteins 0,3 0,3* 0,4* 0,2 0,4* 0,4 0,3
Hemocytes with 1,5+ 4,5+ 1,5+ 1,5+ 3,5+ 4,2+ 1,5+
micronuclei, (per 0,3 0,4* 0,3 0,3 0,4* 0,6* 0,3
1000)
Hemocytes with 7,0 10,5+ 11,0+ 7,0+ 7,2+ 9,1+ 11,0+
nuclear 0,8 1,3* 1,4* 0,9 0,9 11 1,4*
abnormalities (per
1000)

Besides, high sensitivity of vitellogenesis in malassels that was also detected for other novel
pollutants [7] needs special concern. The key bikera that showed differential responses to
different single and combined stressors in thig\stuere the concentration of MT (metal-bound (Cu,
Zn, Cd)-form, phenol oxidase and Mn-superoxide digwe (SOD) activities. At 25°C, exposures to
n-ZnO led to a prominent down-regulation of MT &8, Zn-SOD.

Conclusion

These data indicate that n-ZnO toxicity to frestewairganisms is modulated by organic pollutants
and enhanced by elevated temperatures.
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Teprominbchkuil HaLiOHATEHHUIT IIearoriunmii yHiBepcuteT iMeni Bonogumupa THatioka, Ykpaina

?JIBH3 «TepHOMiTbChKHIT NepKaBHui MexudHmii yriBepcuTeT iMeni 1.51. TopGaueBcpkoro», Ykpaina
EHAOKPWHHI PO3JIAIN TA HUTOTOKCUYHICTD ¥ ABOCTVYJIKOBOI'O MOJIFOCKA 3A
KOMBIHOBAHOI'O BIUIMBY HAHOOKCUY LIUHKY

Byno mocmimkeno kB Ha camitis Unio tumidus nanogyacturok N-ZnO (3,1mMkM), zn** (3,1mxM), a
takox Onokaropa CaxananiB Hipenuminy (Nfd, 10 mxM) cmimbHO i3 N-ZNO Ta TiokapOamMaTHOTO
dynrinuay Tarry (Ta, 91mkr-n ) cminsro i3 N-ZNO mpu 18C ta N-ZnO npu 25°C. Busnauanu
xapaktepuctuku Bitenorenesy (Vtg), cucrem crtpecy Ta gerokcukanii (Mn- ta Cu,Zn-
cynepokcumaucmytas, Metanotioneiny (MT), EROD), gactky remouuriB i3 ypaxenusmu siapa (NL)
Ta xomiHectepasHy aktuBHicTh (ChE). 3a BBy OLIBIIOCTI YMHHUKIB CIOCTEPIrajld 3pOCTaHHS
piBato Vtg ta NL. N-ZnO He BHKIMKaB iHIIMX 3MiH, Ha BiIMiHY Bix ZN. 3a MOE€AHAHOTO BIUIUBY
Bi3Hauain aktuBamio crpec-peakuiii, EROD ta ¢enonokcunaszu. HaitmomitHime BB N-ZNO Ha
Vtg ta MT 3anexas Bia moeananus i3 Nfd. Tpurnivenns ChE Bukiukanu aume Zn ta Nfd.

Knouosi cnosa: 0eocmynxosuii MOMOCK, HAHOOKCUO YUHKY, MenIogull egekm, Higheounin, miokapbamam,
Kombinosana 0is, biomapkep
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OHIOKPUHHBIE HAPYIHIEHUA W LHUTOTOKCUYHOCTL VY JIBYCTBOPYATBIX
MOJIJTFOCKOB ITPU KOMITJIEKCHOM BO3I[EI>1CTBHH HAHOOKCUIA IUHKA

HUccnenoranu BausHue Ha camioB Unio tumidus nanouyactuuek N-ZnO (3,1mkM), zn** (3,1MxM), a
taoke Onmokaropa CaxananoB Hupeaununa (Nfd, 10mxM) coBmecTHO ¢ N-ZNOu THOKapOaMaTHOTO
dynrumuna Tarry (Ta, 91 mxr n') mpu 18C, a takke n-ZnO mpu 25°C. Onpexensiu
xapakrepuctuku Buteiuoreneza (Vitg), cucrem crpecca u agerokcukanmu (Mn- Tta Cu,Zn-
cynepokcumaucmytas, Merawiotnonenna (MT), EROD), pomo TeMOLUMTOB C  SIICPHBIMH
nospexxaenusmu (NL) u aktuBHOCTD X0muHAcTepasbl (ChE). IIpu neiictBun GonbmHCTBa (haKTOPOB
HaOmronanmu yBenmuyenue ypoBHS Vig m NL. N-ZnO wHe Bb3pIBan, B ommuue OT ZN, APYTHX
n3MeHeHuil. Ilpu coBMeCTHOM BO3JEHCTBMM OTMEHYalIM aKTHBaLUIO cTpecc-peakunii, EROD u
(denonokcuaasel. Hanbosee 3ametHo Ha aeicteue N-ZNOwna Vig ta MT Biusia komGunaius ¢ Nfd.
VYruerenne ChEBb3biBau Tonbko Znu Nfd.

Kniouesvie cnosa: o0gycmeopuamovlii  MOAMOCK, HAHOOKCUO UYUHKA, MeNnIogou s@gexm, HugedunuH,
muokapbamam, KOMOUHUPOBanHOe 8030elicmaue, buomaprep
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