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BUTEJUIOTEHE3 W BHUOTPAHCOOPMALIMOHHAA AKTMBHOCTH JIAT'YIIKA T1PU
BO3JAENCTBHMU KOBAJIBTA, IIMHKA 1M X OPTAHUYECKHMX KOMITUJIEKCOB

JIarymke BOCTIPHAMYHBEL K abCOPOIMH TOKCHKAHTOB W3 BOABl HA TPOTKCHHUHM BCEX KU3HCHHBIX
cramuii. Lleapro 3TOrO MCCICIOBAHUA CTANO OLCHHTH BIMSHHC MPOMBINIICHHBIX HAHOKOMIIOZHTOB
(NC) — Co-NC u Zn-NC, COOTBETCTBYIOIIMX KOHIICHTPALIHAI Co*" (50 MKF/,Z[MS), Zn*" (100 MKF/,Z[MS),
i noaumepHoro marepuana (PS) na camios marymku Rana ridibunda sa npotskenun 14 cytok.
Omnpeneanu ypoBeHb BUTCIUIOTCHUHA U aaepHe moBpekacHus (NL) B KpoBH, aKTHBHOCTD IIUTOXPOM
P450-3aBucumoit  monookcureHaznl (CYP450) u rayratwon Sapancdepassr (GST), a Ttaxke
pacnpeaeneaue Zn, Co, Cu, Cd B meucHu. Zn, Zn-NC u PS BbI3pIBAIH TOKCHYCCKUC MPOSIBICHU:
kcenoactporeHusiil 3ddext (Zn u PS), yruetenue GST (Zn-NC), ysenmuenue uuciaa NL (Zn-NC u
PS). Axrusnocte CYP450 Bozpocrana Toneko npu aevicteuu Co-NC, Torga kak Apyrue BO3ACHCTBUS
yraetamu ¢¢. Jeiicteue Co u Co-NC npuBoguno K YBEIHUYCHHI) COOTHOLICHHS KOJUYCCTTBA
(CutCo)/(Zn+Cd) B metamoruonennax, torga kak Zn, Zn-NC u PS BbI3bIBaIM €r0 YBEIUUCHUC B
JPYTHX KOMITOHCHTAX TKAHW. DTa MCKIIOUUTEIbHAS TyBCTBUTCILHOCTh OTIHYUATA PCAKIAN JISITYINKA
ot peiObr Carassius sp., H3YICHHOH MPEABAPUTEIIBHO.

Kmiouoei  crnoea. robarem, yunx, Hanopasmepnwviti xomnosum, Rana ridibunda, eumennocenun,
MEMANLOMUOHEUH, YUNMOMOKCULHOCHb
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ENDOCRINE DISRUPTION AND CYTOTOXICITY IN BIVALVE
MOLLUSK UNDER THE COMPLEX EXPOSURE TO ZINC
NANOOXIDE

Despite metal-contained nanoparticles (n) represent novel kind of environmental pollution, their
toxicity to aquatic habitats is unclear with regards to multiple stress exposures. In present study, male
Unio tumidus were exposed for 14 days to n-ZnO (3.1 uM), Zn** (3.1 uM), Ca-channel blocker
nifedipine (Nfd, 10 uM), combinations of n-ZnO and Nfd or n-ZnO and thiocarbamate fungicide
Tattoo (Ta, 91 pg L") at 18°C, and n-ZnO at 25°C. Activities of vitellogenesis (Vtg), stress and
detoxification systems (Mn- and Cu,Zn-superoxide dismutase, metallothionein (MT), EROD), nuclear
lesions (NL) and choline esterase (ChE) activity) were analysed. Vtg and NL were ¢levated in most
exposures. N-ZnQ per se did not provoke any other changes of indices unlike Zn. In combine
exposures, the activation of stress-responses, EROD and phenoloxidase activities were detected. Nfd
caused the most prominent modulations of n-ZnO effect on 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 freshwater habitats; however, understanding of the
nanoparticle effects on aquatic organisms is impeded by the lack of the studies of the nanoparticles
effects in the environmentally relevant context of multiple stress exposures. Metal-contained
nanoparticles can be transformed in aquatic organisms by reactions with biological macromolecules,
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redox reactions, aggregation, and dissolution. Therefore, in order to use bivalves as bioindicators of
nanoparticle toxicity, it is important to distinguish between the physiological and cellular responses to
nanoparticles compared to the effects of their constituent metals, as well as assess the nanoparticle
toxicity in the context of other common stressors in aquatic habitats [1, 6]. In the polluted
environments, the cumulative effects of the various stressors that act on similar pathways (such as
oxidative stress, apoptosis) or on the same molecular targets can complicate the interpretation and
assessment of responses to nanoparticles [1, 2, 3, 7]. Therefore, it is important to study the effects on
nanoparticles such as n-ZnO in the context of other common environmental stressors. Elevated
temperature is a common stressor in temperate aquatic habitats that has profound effects on all
physiological functions of aquatic organisms [4, 5]. In this study, we evaluated the effects ofn-ZnO in
a model organism, a mussel Unio tumidus, and the potential modulation of these effects by common
co-occurring environmental stressors

Materials and methods

Adult Unio tumidus (Unionidae) (~ 6 years old, 8t1 cm length, and 4215 g weight) were collected in
a pristine site located in the basin of Dniester River, (Ukraine). Specimens were preacclimated to the
laboratory conditions. One group was exposed to the aquarium water only and was considered control
(C). Other groups were exposed to zinc nanooxide (n-ZnO, 3.1 ~M), zinc ions (Zn, 3.1 ~M),
pharmaceutical Ca-channel blocker nifedipine (Nfd, 10 ~M), combinations of n-ZnO with Nfd (n-
ZnO+Nfd) or with thiocarbamate fungicide Tattoo (n-ZnO+Ta, 91 ~g L-1) at 18cC, and to n-ZnO at
250C (n-ZnO+t0). The utilized methods for the determining of the biomarkers of stress, endocrine
disruption (vitellogenesis in male specimens) and cytotoxicity are described in our previous articles
[1-7].

Results and discussion

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

Table 1
Endocrine disruption and stress responses in U. tumidus, M+SD, N=8

Parameters Groups

K ZnO Zn ZnO+to Nif Nif+ ZnO+

Zn0O Ta

Mn-SOD, 2,7+ 2,6 4,5+ 3,8+ 2,9+ 2,6 4,5+
(RUmg1 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+ 2,6x 4,0+ 3,0+
(RUmg-41 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), 17 17 1,4* 1,3* 2,8% 2,7* 1,3*

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

gonads, g Pi mg- 1,1 3,2* 51* 6,2* 3,5 2,7 4,6*
1proteins
Vtg-LP in 2,9+ 6,5+ 3,1+ 4,0+ 2,9+ 1,7 3,0+
hemolymph, ~g 0,1 1,3* 0,4 1,3 0,5 0,2* 0,5

Pimg-1proteins

In tables 1, 2: * - indicate values significantly different from control (P<0.05). The abbreviations are
presented in the text.

In the hemolymph the alteration were different and less appeared. Nuclear lesions (the elevated
number of hemocytes with micronuclei and nuclear abnormalities) were detected in most exposures.
N-ZnO per se did not provoke any other changes of indices. On the other hand, exposure to Zn and
Nfd demonstrated the signs of neurotoxicity (choline esterase (ChE) depletion). In combine
exposures, the activation of stress-responses, microsomal biotransformation (EROD and phenol
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oxidase activities) was detected. Nfd caused the most prominent modulations of n-ZnO effect on Vtg-
LP and metallothionein (MT). These data prove the low evidence of the release of Zn from n-Zn0O in
the mussels due to different mechanisms of n-ZnO and Zn effects and confirm our previous
conclusions [6].

Table 2
Markers of toxicity in U. tumidus, M+SD, N=8.
Parameters Groups
K Zn0O /n ZnO+° Nif Nif+ ZnO+
/n0O Ta
EROD, pmol min'+ | 2,9+ 2,8+ 1,8+ 3,1+ 3,6+ 3,1+ 52+
mg'1 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/(min'mg 2.5 3,9 3.1 3,2% 8,2% 2.3 42%
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/(min'mg
protein)

ChE, nmol-min™" 2.8+ 32+ 2,0+ 2,9+ 1,9+ 2.4+ 2.3+
mg'1 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 03 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 1,1 1,4%
abnormalities (per
1000)

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

Conclusion

These data indicate that n-ZnO toxicity to freshwater organisms is modulated by organic pollutants
and enhanced by clevated temperatures.

1. Diversity of the molecular responses to separate wastewater effluents in freshwater mussels /
H. I Falfushynska, L. L. Gnatyshyna, O. Yu. Osadchuk [etal.] / Comp. Biochem. Physiol. — 2014. —
Vol. 164 C. —P. 51-38.

2. Falfushynska H. Effect of in situ exposure history on the molecular responses of bivalve mollusks to trace
metals./ H. Falfushynska, L.. Gnatyshyna, O. Stoliar // Ecotoxicol. Environ. Saf. —2013. — Vol. 89. - P. 73—
83.

3. Falfushynska H. In situ exposure history modulates the molecular responses to carbamate fungicide Tattoo
in bivalve mollusk / H. Falfushynska, L. Gnatyshyna, O. Stoliar // Ecotoxicology. — 2013. — Vol. 22. —
P. 433-445.

4. Habitat pollution and thermal regime modify molecular stress responses to elevated temperature in
freshwater mussels (Anodonta anatina: Unionidae) / H. Falfushynska, I.. Gnatyshyna, 1. Yurchak [et al.] //
Sei. Total. Environ. — 2014. — Vol. 500-501. —P. 339-350.

5. Sokolova I. M. Interactive effects of metal pollution and temperature on metabolism in aquatic ectotherms:
Implications of global climate change / I. M. Sokolova, G. Lannig // Clim. Res. — 2008. — Vol. 37. — P.
181-201.

6. The effects of zinc nanooxide on cellular stress responses of the freshwater mussels Unio tumidus are
modulated by elevated temperature and organic pollutants / H. Falfushynska, L.. Gnatyshyna, I. Yurchak [et
al.] // Aquat. toxicol. — 2015. - Vol. 162 —P. 82-93.

ISSN 2078-2357. Hayk. 3an. Tepuon. Hau. niea. yu-ty. Cep. bion., 2015, Ne 3-4 (64) 789



T'JIPOEKOJIOT ST

7. Vulnerability of biomarkers in the indigenous mollusk Anodonta cygnea to spontaneous pollution in a
transition country / H. L. Falfushynska, L. L. Gnatyshyna, A. Farkas [et al.] // Chemosphere. — 2010. —
Vol. 81. —P. 1342-1351.

1,2 1,2 1 1
I'l. @ansyuuncera ™, JLJIL. 'namuwuna “, 1.B. Opuax’, O.5. Cmoaap
'Teproninbebkui HarioHanBHIH nearoridnmit yaiBepentet iMeni Booumupa ['aatioka, Ykpaina
*IBH3 «TepHOIILChKIH JlepkaBHuM Mexudmmit yaiBepenrer iMeni 1.5 ['opGadeBchkoroy, Yipaina

EHJOKPUHHI PO3JIAIU TA LIUTOTOKCHUYHICTE V JIBOCTYJIKOBOI'O MOJIIOCKA 3A
KOMBIHOBAHOTI'O BIUVIMBY HAHOOKCHUJY LUHKY

Byo mocmimkeHo Bims Ha camiis Unio tumidus rarouactarok n-ZnO (3,1 MmxM), Zn®* (3,1 MmxM), a
takoxk Omokaropa Ca-kananis Hipeamminy (Nfd, 10 MxM) cminbro 13 n-ZnO Ta TiokapGamMaTHOTO
dynrimugy Tarry (Ta, 91 mxr-1 ') cmiasHo i3 n-ZnO mpu 18°C ta n-ZnO mpu 25°C. Buzxauanu
XapakTepucTHku BiTemorenely (Vtg), cumcteM crpecy Ta getokcukamii (Mn- Tta  Cu,Zn-
cynepokcuaaucmMyTas, Metanorioneiny (MT), EROD), yactky remonuris i3 ypaxeHnuamu sapa (NL)
Tta xojgiHectepasny aktuBHicTh (ChE). 3a BmiuBy OINbMIOCTI YHHHUKIB CHOCTEPITANMd 3POCTAHHS
piBaio Vtg ta NL. N-ZnO He BHUKIMKAaB 1HIIUX 3MiH, Ha BIAMIHY BiA Zn. 3a MOE€AHAHOTO BIUIUBY
Big3Havamu aktuBalio crpec-peakui, EROD ta denonokcugaszu. Hatfinomithimne Brums n-ZnO Ha
Vtg ta MT 3anexas Big noexuanns 13 Nfd. [Ipurniuenns ChE suxukanu muine Zn ta Nfd.

Kmouosi crosa: 06ocmynxoeuii MOMOCK, HAHOOKCUO YUHKY, MeNIosull egpexm, Higheounin, miokapbamam,
KoMmbiHo8aHa Ois, biomapxep
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OHJIOKPMHHBIE HAPYIIEHMA W HUTOTOKCHMYHOCTL ¥V JBYCTBOPYATBIX
MOJUIKOCKOB ITPU KOMITVIEKCHOM BO3JAEMCTBUHU HAHOOKCHUIA LHHUHKA

Uccnenosanu BumsiHue Ha camros Unio tumidus marnouactuaek n-ZnO (3,1 mxM), Zn* (3,1 MxM), a
takxe Onokaropa Ca-kananos mugpeaununa (Nfd, 10 MxM) coBmecTro ¢ n-ZnO u THOKapGAMATHOTO
dymrumuaa Tarry (Ta, 91 mxr x1') mpu 18°C, a rtawke n-ZnO mpu 25°C. Ompeaensuiu
XapakTepUCTHKH BHTeiioreHesa (Vtg), cmctem crtpecca W aetokcukammd (Mn- T1a Cu,Zn-
cynepokcugaucmyTas, wmerautornonenda (MT), EROD), aoa reMommroB ¢ sSACPHBIMH
nospexacausiMu (NL) u aktusHOCTS X0aundcTepasbl (ChE). [lpu aeiicrBun GonmpinuacTBa (GakTOPOB
HaOmoganu yeenmdeHue ypoBHs Vitg m NL. N-ZnO He BeI3BIBAI, B OTNIMYHE OT Zn, APYrux
n3meHeHud. [lpu coBMecTHOM BO3ACHCTBHH OTMEHYANH aKTHBALUIO cTpecc-peakumi, EROD u
tenonokcunaszel. HanGonee 3amerHo Ha aeiicteue n-Zn0O Ha Vtg ta MT Bnnana xomGunarus ¢ Nfd.
VYruetenne ChE BeizeiBamu Tomapko Zn u Nfd.

Kmoueevie  cnosa. odsycmeopuamuvlii  MOIMOCK, HAHOOKCUO YUHKA, Mento8oil s¢hpexm, Hugeouni,
muoxapbamam, KOMGUHUPOGAHHOe g030eiicmeaue, BuoMapKep
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