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THE REGULARITIES OF PHYTOPLANKTON FORMATION AT VARDS BIOGENIC
ELEMENTS AND ORGANIC MATTER CONCENTRATIONS

The seasonal dynamics of the concentration ofentiin the form of inorganic nitrogen (WHNO,,
NO;, ZN), dissolved phosphorus, organic matter and thenection with the development of
phytoplankton in waters with high content of totabrganic nitrogen (from 23.31 to 102.65 mg
N/dn) and its compounds (ammonia - from 8.42 to 76o@Pate - from 4.94 to 15.93, nitrite - from
0.077 to 4.35 mg N/di and organic matter (from 8.00 to 21.92 mg Ofdmy permanganate
oxidation values and from 58.46 to 265.2 mg O/tndichromate oxidation values) were analyzed in
paper. The peculiarity of the hydrochemical regohéhe reservoirs was phenomenally high relations
¥N:P (133,54-12152,86) during the growing seasoaan# that response algal plankton communities
such features hydrochemical regime is a simplifbcabf the structure due to the predominance of
representatives of departments Euglenophyta, Obigta and Bacillariophyta, while Chrysophyta,
Dinophyta, Charophyta and presented Cryptophytaspie®ies. The response of phytoplankton to the
high content of compounds of inorganic nitrogethes increase in the number and biomass of green
algae, and organic matter - eugenic algae.
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THE APPLICATION OF THE NOVEL INTEGRATIVE INDEX
OF OXIDATIVE STRESSIN THE ASSESSMENT OF
ENVIRONMENTAL IMPACT ON FRESHWATER MOLLUSKS

The adverse environmental impacts cause the oxé&latress responsein the aquatic animals.
However, depending on the severity and duratiompfct, this response can be highly different. The
aim of this study was the analysis of availableiltsof the evaluation of antioxidant activitiestire
freshwater mollusks in the sense of the succes$alof the oxidative stress response. The recently
proposed integrative index ‘Preparation to the atiigd stress’ (POS) was applied. Three populations
of bivalve mollusks from the basin of the river Bsiier were compared during three seasons, and in
their ability to withstand heating (2& and 30 C during 14 days) and exposure to ionizing radiati
(14 days after the acute exposure to 2 mGy). Thesalswere sampled in the low disturbed pristine
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site, highly polluted agricultural region and theotng pond of the nuclear power plant with the
constantly elevated temperature. The parameterghircalculation of POS included superoxide
dismutase activity, catalase activity, glutathi@eansferase activity, glutathione concentratiarg a
metallothionein (from its thiol groups) concentoati The values were calculated as the magnitude of
change (as % change) in comparison to the correappreontrol (less disturbed field group or non-
exposed group). Three criteria for POS were appliete number of the positive and negative
changes and their limits were indicated. The amalyave shown that the POS responses were in the
limits of adaptive ability in all studied cases. w#ver, the results of POS calculation allowed the
distinguishing of the responses that arerealizedthie field and experimental exposures of
mollusks.The most distinct responses were shownther glutathione (mainly positive changes)
whereas the metalothionein level was mainly oppgesgarticularly under the heating. The
depressive direction was estimated in the casextoéme temperatures, irradiation and, mainly for
the mollusks from the highly polluted sites. The kaportance of POS as a survival strategy of the
mussels exposed to adverse impact depending difietlinéstoryis evident.

Key words: Antioxidants, Reactive oxygen species; Oxidative stress; Integrative indexes; Bivalve mollusks

The response of the oxidative stress (OS) is thaman biological phenomenon that is causing by the
external or internal adverse effects in the orgaris5]. Concerning the native freshwaters habitants
the most expected inducing factors are the distgrbif the hydrological regime, chemical pollution
and climate changing [1, 4, 17]. However, dependinghe duration and severity of the impact, the
manifestations of OS can be different. Casual ingaan provoke the generation of reactive oxygen
species (ROS) and, as a consequence of their saptality, the elevated expression of the
antioxidants, namely the ROS scavengers, both eezyand no enzymatic substances, for example
glutathione (GSH) [18]. The imbalance of the RO8egation and antioxidant activities provokes the
oxidative injury, namely the lipid peroxidation,gbein oxidative modifications, and DNA oxidative
damage [15]. The particular response in the nggofulations can be manifested as the adaptation to
the environmental impact or the exhausting of ttiess responsibility and, as a consequence, the
absence of the OS response [3, 14].

Bivalve mollusks, due to their suspension-feeding sedentary lifestyle, are on the first line of
impact from the aquatic effluents [5, 6]. Populat®f freshwater bivalves are declining dramatycall
all over the world [11]. In Ukraine, this was palfty confirmed by authors’ own research experience
on the evaluating the indices of stress responsgsavironmental toxicity in the basin of Dniester,
the second largest river in Ukraine [7, 12].

Therefore, the aim of this study was the analysevailable results of the antioxidant activities
in the freshwater mollusks in the sense of the esgfalness of the oxidative stress response. The
recently proposed integrative index ‘Preparationthie oxidative stress’ (POS), utilized to the
evaluation of the responses of poikilothermic spe@xposed to anoxia/hypoxia [13], was applied.
The analyzed here results were obtained previoughin the scopes of the Ukrainian state funding
grants to O. Stoliar [7, 8, 9, 10].

M aterials and methods

The parameters for the calculation of POS inclusieperoxide dismutase common activity (SOD),
catalase activity (CAT), and glutathione total educed concentration (GSH). The metal buffering
protein metallothionein (MT) was included in the eéantioxidants if it was detected from its thiol
groups,responsible for the antioxidants properfi®. Glutathione S-transferase (GST) is the Il
phase of biotransformation enzyme. Since the fanelity of its plural forms is related to the
reduction of organic hydroperoxides and to conjugabf LPO products with the participation of
GSH [2], GST was also included inthe antioxidards Moreover, the expression ofMT and GST is
regulatedby the antioxidant response element [19]aMssified each group of mollusks as POS-
positive, POS-negative or POS-neutral based ore ttirféerent criteria. This classification was made
for each tissue separately.

To distinguish the responses, three different catevere applied. Initially, we calculated the
magnitude of change (as % change) in comparisdheaorresponding control (see the captions to
tables).Only statistically significant differenceas stated by the authors, were considered.
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Statistically insignificant changes were regardedzero. When the values for each group were
not availablefrom the text or tables, they weranestied from the Figures by comparing the
height of the column of the experimental grouphtat tof the control group using an image editor
software.

Based on the magnitude of change (as % change)arentp the corresponded control
(season, less disturbed native group or untreadeerenental group), we classified each group as
POS-positive, POS-negative or POS-neutral, consigehe three different criteria. Finally, the
prognosis of the impact (health status) was madengaon the classification of the mature
ecosystems according to [20].

The first criterion was the occurrence of at least statistically significant up-regulation
event of antioxidant defense regardless of whapé&agd in another tissue. In this criterion, if no
changes occurred at all, the tissue was flaggedeatal, but if any down-regulation occurred
(and no up-regulation) it was flagged as negatBarespondingly, the response was qualified ‘in
the limits of adaptive ability (+)’ or as ‘loss tife adaptive ability.

The second criterion was based on the definitiothisholds for up- and down-regulation
events. This criterion was the occurrence of adtleae up-regulation above a 50% threshold. On
the other hand, the threshold for down-regulati@s et at 25%. Species were classified as in
criterion 1, but only considering changes that heacthe thresholds. The response was classified
as the state of elastic stability (1 event), tlaesof resistantstability (2 and more events)nerti
state (O events);

The third criterion was the occurrence of more saskeup-regulation in comparison to
down-regulation within a tissue. Thus, only studiest measured at least two of the antioxidant
parameters listed above were considered in crite3id-or all three criteria, the occurrence of one
positive-flagged tissue was enough to classify rdeponse as POS-positive. Correspondingly,
POS-positive response means the recovering dirgctRDS-negative response —depressive
direction, and POS-neutral response — the stagguifibrium. Prevalence of specific antioxidants
in POS-positive species was further analyzed, namhbkich antioxidant was most commonly up-
regulated in these situations of environmentaldfistic conditions.

Results and discussion

The results of the calculations for the musselgistliin their native populations (Fig. 1) have
shown that the responses of the specimens fromptiséine (control), agricultural (B) and
artificial (N) sites were different in three seasomhe highest deviations were shown in autumn.
The worsted POS response in the disturbed (B, tép siersus control were detected in the
digestive gland and in spring. From this calculaiib is also evident that the thiols MT and GSH
(in the digestive gland) represent almost constagpressed biomarker, whereas KAT and GST
were up-regulated in several exposures.

According to these results, the generalized POBoreses of mussels and correspondent
health state of the populations were classifiedld@d). In each case, the general state was within
the limits of adaptive response. However, in thessels from the highly polluted agricultural site
B, the depressive direction was predominant, witenedhe artificial reservoir, namely cooling
reservoir of the nuclear power plant that was nolluped and had the constantly elevated
temperature of the water, the recovering directbrthe POS response was predominant. The
season depending differences were evident. Theybeaexplained by the differences in the
physiological state of mussels (exhausting of thergy storages in spring and their accumulation
in the autumn).
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Fig. 1.Relative changes (expressed as the pereeotadhange) of theme an values of
POS biomarkers in the digestive gland (A) and @gBsof bivalve mollusk from the
agricultural (B) and artificial (N) sites in compson with the data for the pristine site
(contral) in spring, summer and autumn, calculdtech the data represented in [7].

Table 1

The classification of the responses of the bivahadlusk from the two impacted sites (B and N) in
the comparison with the control (group from prietsite) in three seasons. The POS responses

classified as ‘+

, - 0

. Criterion POS :
Season Tissue 1 | > | 3 The health state of population
GroupB
Sorin Digestive gland + 1+/2- In the adaptive limitsiesistant
pring Gills + 0+/2- stability,depressive direction
S Digestive gland + 0+/3- In the adaptive limitg;esistant stability,
ummer Gills + 2+/0- depressive direction
Digestive gland + 3+/2- In the adaptive limitsiesistant stability,
Autumn - + . S
Gills + +/- recovering direction
Group N
Sprin Digestive gland + 0+/2- In the adaptive limitg;esistant stability,
pring Gills + 0+/3- depressive direction
Digestive gland + | 141 In the adaptive limitsresistant
Summer - + . . ; .
Gills + | 44/0- stability,recovering direction
Digestive gland + | 141 In the adaptive limitselastic
Autumn - + S . ; .
Gills + 1+/0- stability,recovering direction
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To evaluate the ability of each studied populatiorwithstand the heating, the mussels were
subjected to the experimental exposure to the teatyres 25C and 30C during 14 days [8]. Basing
on the obtained results, it was difficult to indeathe most heating-tolerate group due to the
variability of differences between the groups. Tésults of the POS analysis for this experiment are
represented in Fig. 2, Tabl. 2.

The comparison of the groups demonstrated the egeatiinerability of the responses in the
digestive gland in comparison with the gills. Thghest sensitivity was shown for the SOD, whereas
GSH demonstrated the best response of POS, particuh the B- and N-groups. It was also
indicated similar responses to two heating regiméhin the group, whereas the responses of
different populations were distinct, particulantygills.

BSOD RCAT BEGST OGSH mMMT

Deviation, %

Il
i I

BS0D

Deviation, %

Fig. 2. Relative changes (percentage of changijeofnean values of POS biomarkers in
the digestive gland (A) and gills (B) of bivalve husk from the pristine (1), agricultural
(B) and artificial (N) sites exposed t0°25 (T1) and 30C (T2) during 14 days in
comparison with control (28). The data represented in [8] were utilized.

However, the generalization of the indexes has shtvat all responses were within the
adaptive limits. Importantly, B-group from the higipolluted biotope, despite the great up-reguratio
of GSH, demonstrated the depressive direction th beposures. On the other hand, | group from the
pristine site was at the equilibrium state. Morepwbe group adapted to the heating in its field
environment (N group from the cooling pond) hasvam@ven recovering direction indicating the
greatest ability to withstand heating. Probablyis tparticular ability to withstand heating was
explained by the adaptation of this populationténenvironment. Importantly, each was not able to
make these crucial conclusions concerning the Ihesdttus of populations basing only on the set of
the biochemical responses even when we studiedlgiomarkers of stress, injury and exposure [8].
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Table 2

The classification of the responses of the bivatadlusk from the pristine (1), agricultural (B) and
artificial (N) sites exposed to 2& (T1) and 30C (T2) during 14 days in comparison with control

(180).
T® Tissue Criteria POS Health status
1] 2 ] 3
Group I
T1 Digestive gland + 0+/3- i In the adaptive limitsiesistant stability,
Gills + 2+/2- depressive direction
T2 Digestive gland + 2+/2- 0 In the adaptive limitsiesistant stability,
Gills + 2+/2- equilibrium state
Group B
Digestive gland + 0+/4- In the adaptive limitsesistant stability,
T1 . - . A
Gills + 2+/2- depressive direction
Digestive gland + 1+/3- In the adaptive limitsesistant stability,
T2 . - . A
Gills + 1+/4- depressive direction
GroupN
Digestive gland + 1+/4- In the adaptive limitg;esistant stability,
T1 . - . o
Gills + 2+/2- depressive direction
Digestive gland + 0+/3- In the adaptive limitg;esistant stability,
T2 . - : o
Gills + 2+/1- recovering direction

Whereas the heating is the typical confoundingofiaftir the bivalves, the effect of the ionizing

radiation was utilized as an unusual stress fafcioeach populations studied. The analysis of the
represented results [9] (Fig. 3, Tabl. 3) indicatkd highly variable responses depending on the
population. The most variable index was the GSHlleVhe common feature for three populations
was the preference of the positive changes ofritleés. However, according to the number of the
events of activation or oppression of the indiddg direction of the health status changes was
estimated for B- and N-groups as depressive andfonthe I-group had the features of recovery.
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Fig. 3. Relative changes of the mean values of BiO@arkers in the digestive gland and
gills of bivalve mollusk from the pristine (1), agultural (B) and artificial (N) sites 14
days after the acute exposure to ionizing radiatiacomparison with control. The data
represented in [9] were utilised.

ISSN 2078-2357Hayxk. 3an. Teprom. Hau. iea. yH-Ty. Cep. bion., 2019 Ne 1 (75)



I'TAPOBIOJIOI'TA

Table 3

The classification of the responses of the bivatadlusk from the pristine (1), agricultural (B)
andartificial (N) sites after the acute exposur@tizing radiation

Tissue Criteria POS Health status
1 ] 2 | 3
Groupl
Digestive gland + 2+/1- + In the adaptive limits;esistant
Gills + 1+/1- stability,recovering direction
GroupB
Digestive gland + 1+/2- In the adaptive limitsesistant stability,
Gills + 1+/2- i depressive direction
Group N
Digestive gland + 1+/3- In the adaptive limitsesistant stability,
Gills + 1+/3- i depressive direction

Overall, the analysis of the results, obtained @ mollusks from different populations in the
season-depending field exposures and experimexpalsares to heating and ionizing radiation have
given the clear forecast of their health statugpdrtantly, the most sensitive constituents of each
response were different. Nevertheless, the speairitem all three populations give the responses in
the adaptive limits and support the resistant btgbHowever, some exposures can possess critical
changes in their health, particularly in the spramgd under the additional loading by heating and
irradiation. The group from the polluted area (Bup) is the most vulnerable group. It can be
explained by the continuous induction of OS innmessels from this area [15].

Conclusion

The key importance of POS as a survival strategh@imussels exposed to adverse impact depending
on the life historyis evideniTherefore, the developed method of the POS calounlatan be useful
tool for the prognosis of the environmental health far as we know, there is no analysis available o
the prevalence of POS among mollusks dependingeainhistory of population.
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TepHoniabCHKMI HaLlIOHATBHUI NelaroriyHui yHiBepcuTeT iMeHi Bonoanmupa ['HaTioka

JBH3 "TepHomninbchkuii aepxaBHuid MequuHuii yHiBepeuret imeni 1.5, ['opbaueBcsxoro MO3 Ykpainu"
JlaTBilicbKuii yHIBEpCUTET

3ACTOCYBAHHS HOBITHBOI'O IHTEI'PAJIBHOI'O IHAEKCY OKHUCHOI'O CTPECY
B OUIHLI BIVIMBY JOBKULIA HA ITPICHOBOJHUX MOJIFOCKIB

Hecnpustnuei YMHHUKY AOBKIJUIS BUKIMKAIOTh y BOJHHUX TBapWH Peakiilo OKUcHOro crpecy. [Ipote,
3aJIe)KHO BiJ CHJIM Ta TPHUBAIOCTI Ail YMHHHKA, I peakuis MOKe CHIIBHO BiapizHsATHCA. MeTtoio
poboTu OyB aHali3 OTPUMAHUX PE3YJBTATIB OLIHKH aHTHOKCHJAHTHUX aKTUBHOCTEH Yy MPiCHOBOAHUX
MOJIIOCKIB 3 TOYKH 30py YCHIIIHOCTI peaklii OKMCHOTO CTpecy. Bbyno 3acTocoBaHo HEIOJaBHO
3anpOINOHOBaHMH iHTerpanbHui iHneKce «IpuroryBanns 10 okucHoro crpecy» (IIOC). ITopiBHroBa M
TPU TOMYJALil IBOCTYJIKOBHX MOJIOCKIB 3 OaceifHy piku JlHicTep yHpoIOBX TPhOX CE30HIB 3a ix
3JaTHICTIO BUTpUMYyBaTH BIuMB HarpiBans (25°C ta 3(P°C ympomosx 14 ni6) Ta ioHizyroue
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I'TAPOBIOJIOI'TA

BunpomintoBanHs (14 ni6 micns ogHopasoBoi ekcnosuiii n0 2wmI'p). st JOCTiIKEHHS MOJIIOCKH
BiIOMpali B YMOBHO YHCTili MICIIEBOCTi, CITbCHKOTOCTIOAAPCHKIM MICIIEBOCTI i3 BHCOKHM pPiBHEM
3a0pyJHCHHS Ta Y CTaBi-OXOJIOJKYBaui AaTOMHOI EJIeKTPOCTaHIi 3 TOCTIHHO IiJBUIICHOIO
Temmeparyporo Boau. [lapameTpu 1 pozpaxynky [1OC Bxmrouyany 3aranbHy CyNepOKCHIAUCMYTa3HY
aKTUBHICTh, KaTaja3Hy Ta TNIyTaTioHSTpaHcdepa3Hy aKTUBHICTb, KOHLEHTPALil0 TIIyTaTIOHY Ta
METaJIOTIOHETHIB (BH3HAYEHY 3a BMICTOM TiOJiB). 3Ha4eHHs OyIM pO3paxoBaHi sIK BeEIWYMHA
BiaxwicHHS (% BIAXWICHHS) Y TOpIBHSAHHI 3 BIAMOBIAHUM KOHTpoJieM (peepeHTHa MICLEBICTh Y
HOJILOBOMY JIOCHIDKEHHI ab0 rpyrma, o He IijiaBajlach BIUIMBY YHHHHKA Y JJAOOPAaTOPHHUX YMOBAX).
Poszpaxynok [TIOC BkmouyaB Tpu KpHUTEpii OLIHKK BipOTiTHUX BiIXWJICHB Bifl KOHTPOIIO: (ikcyBain
KUTBKICTh MO3UTUBHUX Ta HETaTUBHUX 3MiH Ta iX Jiana3oH. AHali3 mokasas, mo peakmii [I0C Oynu B
MeKax aJalTHBHOI 3[aTHOCTI Yy BCIX MAOCHiIKEHHX cHUTyauisax. Pesymbratm oOumcnenns [10OC
JO3BOJIMJIM PO3PI3HUTH YOTHUPH CTafil peakwii OKHCHOTO CTpecy, IO Peani3yloThCsl B MOJIOCKIB Y
MOJBOBUX Ta EKCHEPUMEHTATbHUX yMoBax. HalnmomiTHimi 3miHM Oynu Bif3HaueHi Ui TIyTaTioOHY
(3me0iIpIIOr0 MO3UTHBHI), TOAI SK PiBEHh METANOTIOHETHY OYB IMEpEeBaKHO MPHUTHIYCHUM, OCOOIUBO
3a BIUIMBY HarpiBaHHs. JlempecuBHe crnpsimyBaHHs peakuii [IOC Oyio BCTaHOBIEHO Yy BHIIAAKax
BIUIMBY EKCTpEMajbHOI TeMIIEpaTypH, 10HI3ylo4oi paniamii, ocoOJIMBO AJISi MOJIOCKIB i3 CHIIBHO
3a0pynHeHuX Teputopiil. OueBuaHOIO € BupimansHa poib [IOC sk cTpaTerii BUYKMBaHHS MOJIOCKIB
32 YMOBH BIUIMBY HECTIPUSITIMBHUX YMHHHUKIB 3aJI€XKHO BiJl IX KHUTTEBOI icTOPIi.

Kniouosi cnosa: anmuokcudanmu, akmusHi popmu KUCHIO, OKUCHULL CIpec, THMe2PalbHi IHOeKCU, 080CMYIKOGL
MOTIOCKU
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