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Particular feature of novel environmental impact is its complexity. Therefore the
certain responses to the separate constituents could be distorted. We studied the effects of
nanoparticles nZnO (3.1 uM), combinations of nZnO and thiocarbamate fungicide Tattoo
(Ta, 91 pg L—1) at 180C, and nZnO at 250C (nZnO+to) on male marsh frog Pelophylax
ridibundus after 14 days of exposure. Several enzymes involved in free radical scavenging
and in the endoplasmic reticulum (ER)-related transformation as well as the products of
oxidative lesions were determined in the liver. The levels of thyrotropin and cortisol were
determined in the blood serum. Nuclear abnormalities (NA) in erythrocytes and cholinest-
erase (ChE) activity in brain were assessed as a signs of toxicity. The reductive stress in the
liver was caused by all exposures, especially at 18 °C according to decreased oxyradical and
protein carbonyl levels and down-regulation of tyrosinase without the changes in superoxide
dismutase activity, but elevated rate of concentrations Lactate/Pyruvate. The products of
lipid peroxidation and lipofuscin, deiodinase and ER-related transformation activities were
up-regulated in most cases. The combine exposure with Tattoo caused the reduction in the
thyrotropin and cortisol concentrations, whereas nZnO+to provoked the elevation of thyro-
tropin level. The increased number of the cells with NA and depletion of ChE activity was
caused by nZnO and nZnO+Ta. To summarize, reductive stress more likely than oxidative
stress was caused by nZnO in frog. The stimulation of the changes in the oxygen demands
by heating could dramatically change the molecular responses of frog to nZnO.

Keywords: nanoparticles, Zinc oxide, reductive stress, endocrine activity, Pelophy-
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To continue the list of so called ‘inconvenient’ animals studied for long years by prof. B.
F. Syhomlinov and his collaborators, we initiate the study of oxygen-related responses in anu-
rans [2,3,4]. These model organisms possess particular adaptations to the changes in respiratory
regimes [1]. This study aims to elucidate the sensitivity of the organism of frog to complex expo-
sure to nanoform of zinc oxide (nZnO) in the environmentally relevant level.

Materials and Methods

Adult males of marsh frog Pelophylax ridibundus (8-10 cm long) out of the breeding
season were subjected to the effects of nanoparticles nZnO (3.1 uM), combinations of nZnO and
thiocarbamate Tattoo (Ta, 91 pg L") at 18°C, and nZnO at 25°C (nZnO+#) during 14 days. Ex-
periments were performed in accordance with permission of the Ministry of Ecology and Natural
Resources of Ukraine, No 466/17.04.2013). Ethoxyresorufin-O-deethylase (EROD) as an indica-
tor of the activity of biotransformation of xenobiotics and deiodinase (EC 1.97.1.10) activities;
oxyradical formation in the liver, thyrotropin (TSH) and cortisol levels in the blood serum and
Cholinesterase (ChE, EC 3.1.1.7) activity in the brain were detected as in [3]. The methods ap-
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plied for the Superoxide dismutase (SOD, EC 1.15.1.1) activity, lipofuscin, lactate and pyruvate
concentrations in the liver are described in [4]; the level of Lipid peroxidation by the production
of thiobarbituric acid-reactive substances (TBARS), and Protein carbonyl concentration, as in-
dex of protein oxidation, were measured according to [5]. Nuclear lesions were assessed by the
frequency of the erhytrocytes with micronuclei (MN) and nuclear abnormalities (NA) [5]. The
phenoloxidase-like activity of tyrosinase (EC 1.14.18.1) was determined as in [7]. All statistical
calculations were performed with Statistica v. 10.0 and Excel for Windows-2010.

Results and Discussion

The activity of SOD was not changed in the comparison to control by any exposures, how-
ever, the levels of oxyradical and protein carbonyls (in combine exposures only) were decreased,
demonstrating the suppression of oxidative stress response. This effect was different from the
elevation of oxidative stress by the exposure to Tattoo alone [2]. Interestingly, tyrosinase was
inactivated (by 30.6-63.6%) in all exposures indicating the suicidal effect of its phenolic products
that could be elevated by the decrease in the oxyradical depending autooxidation [7]. However,
the increase in the TBARS and lipofuscin production in the liver was detected. The ratio of Lac-
tate/Pyruvate concentrations increased from 15.5 in control till 26.8 (nZnO) and 41.5 (nZnO+Ta)
demonstrating reductive stress. Upregulation of deiodinase and EROD activities in most cases
(with the exception of nZnO-group for EROD) was detected. The heating caused the decisive
opposite effect in the exposure to nZnO. TSH and cortisol levels were decreased by the exposure
to nZnO+Ta witnessing the suppression of the hypothalamic-dependent activities [6], whereas
nZnO+t° led to the increase in TSH level. The signs of toxicity (elevated level of cells with nuclear
abnormalities and decreased ChE activity) were detected in the nZnO and nZnO+Ta groups. Un-
expectedly, these manifestations were absent in the nZnO+t° group. To summarize, reductive stress
more likely than oxidative stress was caused by nZnO in frog. The stimulation of the changes in the
oxygen demands by heating could dramatically change the molecular responses of frog to nZnO.

This work has been granted by the Ministry of Education and Science of Ukraine (Projects
# 125B; 131B).

Effect of nZnO alone and in combine exposures on the redox-dependent processes, endocrine
activity and signs of toxicity in the tissues of P. ridibundus (M+S.D., n=8)

Groups

Parameters Control nZnO annO+Ta nZnO+t°
Liver
SOD, RU-mg"! proteins 6.0+1.1 6.2+0.8 6.4+0.8 7.1+£0.7
Tyrosinase, nmole min™' mg™' proteins 43.8+5.8 15.9+1.4%* 30.4+5.8% 17.1+2.4%*
Oxyradicals, RFU g tissue 161.7417.1 145.545.6* 120.14£7.7* 144.7+5.0*
TBARS, nmol-g"' of tissue 35.4+3.7 324443 48.3+4.5% 55.3£6.1%
Protein carbonyls, pmol-g™! tissue 0.86+0.09 0.89+0.05 0.72+0.05* 0.55+0.08%*
Lipofuscin, RFU/g tissue 142.6+4.9 188.6+£19.3* 218.4+6.7* 175.449.2%
Lactate, umol-g™! tissue 23.3+1.3 26.8+1.1% 24.9+1.3 23.3+1.4
Pyruvate, umol-g™! tissue 1.5+0.2 1.0+0.2* 0.6+0.1* 1.9+0.2*
EROD, pmol min™' mg™! proteins 20.5+0.5 21.6£1.0 24.0+£2.4% 34.5+4.8%*
Deiodinase, nmole T3 min™' g FW-! 7.7+0.2 10.9£1.3* 9.6+0.5* 8.4+0.5%
Brain
ChE, nmol-min™ mg™! proteins 29.0+£5.7 20.743.3* 16.8+£1.8* 24.1£2.0
Blood
MN, per 1000 erythrocytes 2.0+0.3 2.2+0.4 1.5+0.3 1.5+0.3
NA, per 1000 erythrocytes 7.0+0.8 10.5£1.3* 11.0+1.4* 7.0+£0.9
TSH, mMU/L serum 1.1£0.2 1.1£0.2 0.6£0.04* 2.1+0.2%
Cortisol, nmol/L serum 75,1£11,0 74,2+7,3 67,3+10.4* 75,4134

Note: the asterisks indicate that the values are significantly different from the respective control values (p<0.05).
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PEAYKTUBHUMN TA EHIOKPUHHU E®EKTH HAHOYACTUHOK OKCHUY
IIAHKY HA )KABY O3EPHY PELOPHYLAX RIDIBUNDUS TA iX MOJYJISIIA

Y KOMBIHOBAHUX EKCITO3UIIAX
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OCOOMMBICTIO CYYaCHUX BHKIIHUKIB JOBKIJUISA € X KOMILUICKCHA Jisi. ToMy BU3HAYCHI
peakuii Ha BIUIMB OKPEeMHUX CKJIAJIOBHX MOXYTb CIOTBOPIOBAaTHCh. BuHBYamM BILIMB
HanodactuHok nZnO (3.1 mMkM), noeananns nZnO Ta TiokapbamaTHOro QyHriuumy
Tarry (Ta, 91 mMxM) 3a 18 °C ta nZnO 3a 25 °C (nZnO+#°) Ha caMuiB xabu 03epHOT
Pelophylax ridibundus nicnsa 14 ni6 excrio3umii. BusHayaau akTHBHICTD HU3KH CH3HMMIB,
3aJly4eHUX Yy 3HELIKO/DKEHHs BUIPHHMX PaMKalliB Ta peaxuii Tpanchopmarii, mos’s3aHi
3 enporuiazmarndyHuM petukymomoM (EP), a Takox yTBOpeHHs NPOAYKTIB OKHCHOT
JEeCTPYKLIT y HediHi. Y CHpOBATIi KPOBI BUMIPIOBAJIH PIBEHb THPEOTPOITiHY Ta KOPTH3O0ILY.
JUnst OLiHKM TOKCHMYHOCTI BH3HAYaJld BMICT €PUTPOLIMTIB 3 sAepHUMHU aHoMautisimu (S1A)
Ta xojiHecrepasHy aktuBHicTh (XE) y romoBHomy Mo3ky. Bcei excrosuiii, ocobnuBo 3a
18 °C, BUKJIMKAIM PEIyKTHUBHHUI CTPEC y MEYiHIli, L0 MPOSBISUIOCS SIK 3MEHILICHHS PiBHS
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OKCHPAJHKaJIiB Ta KapOOH1LIIB MPOTEiHIB, MPUTHIYCHHS THPO3UHA3HOI aKTUBHOCTI 0€3 3MiH y
CYNEpOKCUATUCMYTa3Hiil aKTUBHOCTI Ta 301IbLICHHS PIBHS CITiBBIHOIICHHS KOHIIGHTPALii
Jlakrar/ITipyBat. Y OinbII0OCTI BUMAAKIB CIIOCTEPITanocs 301IbIICHHs yTBOPEHHS IPOAYKTIB
MEPEeKUCHOTO OKMCHEHHS JIMiAiB, NinodycuuHy, akTHBHOCTI AeoauHa3u Ta peakuiil EP-
3ajexHoi TpaHcopmanii. Y chinbHii excro3unii 3 TarTy 3MeHIIyBanucsi KOHIEHTpaLil
TUPEOTPOIiHYy Ta KOPTU30MdYy, TOAl sK Oisi nZnO+# mpu3Boauia A0 30UIBIIEHHS DPiBHA
tupeorpomniny. Jis nZnO ta nZnO+Ta BukiIMkana 301IbIIEHHS KITBKOCTI KIITHH 3 SIA Ta
npurHideHHs XE aktuBHOCTi. Binrak, pesynsraté cBiguaTh, mo Aist nZnO BUKIHKaNA y
a0 He OKCHJIAaTUBHMHU, a peAyKTUBHUH cTpec. CTUMYIIALIA 3MiH y KHCHEBHX MOTpedax 3a
TEIUIOBOT JTiT MOKE Pi3KO 3MIHUTH MOJISKYJISIpHI peakiii »kabu Ha BB nZnO.

Kniouogi ¢noséa: HaHOYAaCTUHKH, LIMHK OKCHUI, PEyKTUBHUI CTPEC, EHIOKPHHHA aK-
TUBHICTb, Pelophylax ridibundus.

PEJAYKIIMOHHBINA M DHJIOKPUHHBINA D®PEKTHI HAHOYACTHII OKCHJIA
OUHKA HA JATYHWKY O3EPHYIO PELOPHYLAX RIDIBUNDUS N UX
MOAYJIALNNA B KOMBUHUPOBAHHBIX OKCITO3UIIUAX
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OCOOCHHOCTBIO COBPEMEHHBIX IKOJIOTHUECKHUX BBI30BOB SIBIISIETCS] HX KOMIUICKCHOE
BoszeiictBue. [loaToMy omnpenenaeHHbIC peaKUMK Ha BIUSHUE OTAEJIBHBIX COCTABISIOLIMX
MOTYT HCKaxaTbcsl. M3ywanm BimsHme nHanodactuny nZnO (3.1 MkM), coderaHus
nZnO u tHokap6amarHoro ¢ynruuuaa Tarry (Ta, 91 pg L") mpu 18° C ta nZnO 3a
25 °C (nZnO+#) Ha caMIOB JSITYIIKH 03epHOU Pelophylax ridibundus nocne 14 nueit
skcno3unuu. Onpenesid aKTUBHOCTb Psiia SH3UMOB, 33¢HCTBOBAHHBIX B YHUUYTOXKCHUU
CBOOOJHBIX PaUKAIOB, M PEAKIMU TpaHC(OpPMAINK, CBSI3aHHBIC C YHJOIIA3MaTHIECKUM
peruxymomom (OP), a Taxxke oOpazoBaHHE IPOIYKTOB OKHCIUTENBHOH JECTPYKIHU B
IeYeHU. B ChIBOPOTKE KPOBU U3MEPSUIM YPOBEHb TUPEOTPOIIMHA U KOpTH30ia. Jjis oleHKu
TOKCHYHOCTH OHPEJeIUIH COJEp)KaHUe dPUTPOLUTOB C SIAEPHBIMH aHOMaIusMH (SIA) n
XOJIMHACTEpa3Hylo akTUBHOCTE (XD) B rosioBHOM Mo3re. Bee skcro3uimn, 0coOeHHO pU
18 °C, BbI3pIBAIM PEIYKLUOHHBII CTpecc B IEYECHHU, YTO MPOSIBISUIOCH KaK YMEHbBILICHUE
YPOBHSI OKCHPAIKAIOB ¥ KapOOHMIIOB IIPOTEHHOB, YTHETEHUE THPO3HHA3HONW aKTUBHOCTH
0€3 M3MEHEeHHS CYIIEePOKCHIUCMYTa3HOW aKTHBHOCTH U YBEIIMUCHHUE YPOBHSI COOTHOIICHUS
xoHueHtparui Jlakrar/[Iupysar. B GonbmMHCTBE CilydaeB HAOIIONAIOCH yBEIHYCHHE
00pa3oBaHUs IPOLYKTOB MEPEKUCHOTO OKHUCIICHUS JIUIHAOB, JUIO(DYCINHA, aKTUBHOCTH
nenoxuHasel n DP-3aBucuMoil Tpanchopmanuu. B coBmecTHON skcmosumuu ¢ Tarty
YMEHBIIAINCH KOHLEHTPALUU TUPEOTPOIIMHA U KOPTHU30Ja, Torga Kak jeifcrBue nZnO+z°
IIPUBOJMIIO K YBEJIIMUEHUIO ypoBHs TUpeoTponuHa. [eiictBue nZnO u nZnO+Ta BbI3bIBaIO
YBEJIMUYCHUE KOJINUeCTBa KIETOK ¢ SIA u yraerenue X0 aktuBHOCTU. TemioBoe Bo3zelicTBue
Ha 1oTpelbIeHre OpraHu3MOM KUCIOPOAa KPUTHIECKH BIMSET HAa MOJICKYJSIPHBIE PEaKINU
JIATyLIKY Ha aeiictBue nZnO.

Knrouesvle cnosa: HanodacTuiibl, LINHK OKCH /I, PEAyKIIHOHHBIN CTPECC, HAOKPUHHAS
aKTUBHOCTb, Pelophylax ridibundus.



