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We studied the peculiarities of accumulation of copper ions in the freshwater mol-
lusks Lymnaea stagnalis and Planorbarius purpura at experimental conditions of chronic
effect (0.5, 2, 5 and 10 of maximum-possible concentration for fisheries) in normal condi-
tions and in case of combined action of trematode invasion and specified pollutants. We
analyzed the characteristics of distribution of ions of Cu, Pb, Cd and Zn in freshwater
mollusks at conditions described. It is found that Trematode infestation leads to changes
in the distribution of total content of heavy metal in the body of gastropods. Thus, in the
infested P, purpura, investigated tissues and organs were placed in the ascending order:
hemolymph<shell<hepatopancreas<mantle<leg, in L. stagnalis — hemolymph< hepato-
pancreas< shell<leg<mantle. Using correlation analysis, we calculated Spearman’s rank
correlation coefficient. It became possible to find out a degree of dependence between
the studied ions in different tissues and organs of P. purpura. It was established that ac-
cumulation of metals is tissue specific, and their level is associated with the affinity of
non-specific metals and specific metabolites in cell tissues and organs, metabolic activity
and physiological needs for these metals in the mollusks.

Keywords: copper ions, heavy metals, freshwater mollusks, accumulation, trema-
tode invasion, Lymnaea stagnalis, Planorbarius purpura

INTRODUCTION

The well-known law of transformation of hydro- and ecological systems is an in-
crease in their range of quality and quantity of dangerous pollutants that are usually
toxic to aquatic organisms [8, 10, 18, 25, 32]. In hydrocenosis, toxicants coming to them
from the industrial, agricultural and domestic effluents or appear as a result of breach of
hydrochemical balance and circulation of substances, cause a negative effect on aqua-
tic organisms at the level of organisms and at the level of groups [2, 4, 25, 28]. Among
the most dangerous pollutants that affect invertebrates, in which mollusks occupy a pro-
minent place, heavy metal (HM) ions are remarkable.

More than 40 chemical elements belong to HM, but of special interest are those
metals, which are moving in biogeochemical cycles, are widely used in various fields of
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production activities and, because of accumulation in the environment, are dangerous
in terms of both their biological activity and toxicity. On one hand, HM relate to the es-
sential metals and are important for the organisms, on the other hand, by increasing of
their concentrations in living organisms, they may act as carcinogenic, resulting in dis-
ruption of livelihoods of hydrobionts. These HM ions are: zinc, copper, cadmium and
plumbum [15].

Copper ion is a part of copper containing proteins and enzymes (over 25): cyto-
chrome oxidase, ascorbic acid oxidase, lysine oxidase, ceruloplasmin and other metal
ferments [11]. We know that it affects the processes of tissue respiration, is a part of a
number of oxidases and haemocyanin, activates gonadotropic enzymes [21], is involved
in the processes of tissue respiration, blood formation, spermatogenesis, affects the
structure and function of nucleic acids. phenolic metabolism, synthesis of phospholip-
ids, acts as a catalyst in redox reactions [3]. Excessive concentrations of copper are
characterized by toxic effects, leading in particular to atrophy of certain organs and tis-
sues and to hemodyscrasia [29].

One of the main factors that determine the environmental dangers of HM is the
level of their accumulation in the tissues of organisms that is defined by the speed of
inflow, the ability to accumulate and intensity of their withdrawal [13, 21, 24] and redis-
tribution [15]. Adaptive-compensatory response of hydrobionts to actions of pollutants is
determined, first of all, by the degree of ion accumulation [7, 13].

According to general theory of stress (stress factor is also the ions of metal) the
intensity of metabolism in organisms at the beginning of the stressor activity increases
and then decreases. Depending on the intensity and duration of action, it may lead to
reverse restore of functions at end of stress factor activity, or to the death of the body
[14]. It was noted [19] that the toxicants in mollusks are able to operate at all levels —
from membranes, enzyme systems of cells, providing power to organisms to disruption
of physiological functions, the basic parameters of life (reproduction, development, and
modification of the trophic structure and population dynamics of trophic links etc.). Ta-
king into consideration the multilevel and complexity of impact of HM ions on the state
of mollusks and their communities, as well as the modification of their actions by other
external factors (physical-chemical and hydrological parameters of reservoirs) and in-
ternal environment (species, age, sex characteristics and symbiotic interactions, such
as the larvae of trematodes etc.) of mollusks, interesting is the system of rating reac-
tions of the organism to these influences to predict their possible adaptation to changing
parameters and habitat, use of mollusks as models for the assessment of the influence
of hydrocenosis of the HM ions [5, 7, 25].

It is known that in chronic administration of toxicants in doses and concentrations
close to threshold, adaptive capacities of organisms may be implemented more effec-
tively [26]. In our experiments, we used concentrations of copper ions, corresponding to
0.5, 2.0, 5.0, 10.0 MPC. The first of these, based on common patterns of ecological and
toxicological action of HM on different organisms, was accepted as the threshold and as
one that will call prognostic adaptive changes, while the others regarded as being ca-
pable of causing irreversible pathological changes.

Taking into consideration the above information, we tried to find out the peculiarities
of distribution of ions of copper, cadmium, zinc and plumbum in the body typical repre-
sentatives of hydrocenosis — gastropods at joint action of trematode infestation and
chronic exposure to low concentrations of ions of copper.
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MATERIALS AND METHODS

To determine the level of accumulation of HM ions (Cu, Zn, Cd, Pb) we used 56
specimens of uniform in size Lymnaea stagnalis (Linnaeus, 1758) (height of shells —
39.768+0.131 mm, weight of mollusk — 3.893+0.094 g). 106 specimens of uniform in
size Planorbarius purpura (Muller, 1774) (diameter of shells — 23.413+£0.831 mm, weight
of mollusk — 3.324+0.164 g), which were collected manually in 2005-2009 in the Middle
Dnieper basin (Teteriv river, Zhytomyr).

The toxicological experiments were performed using the method of V. A. Alekseie-
va [1]. Acclimatization of mollusks to laboratory conditions took 14 days [12]. As toxicant
we used salt CuCl,-2H,0 of analytical reagent grade type at concentrations correspond-
ing 0.5; 2; 5 and 10 of maximum-possible concentration (MPC) for Fisheries (0.001 mg/
dm?®). The calculation of concentrations was conducted for cation. Exposure lasted 14
days. Replacement of toxic environment was performed daily to remove metabolites of
animals and to maintain a constant concentration of toxicants. All experiments were
accompanied by control.

Trematode infestation was found in temporary histological preparations, made from
mollusk hepatopancreas tissue, and studied under a microscope MBU-3 (10x20). The
species belonging of trematodes was determined [31] solely on living material. The ex-
periments involved only those infected individuals who were infested by larvae and
parthenita of Echinoparyphium aconiatum Dietz.

During the experiment, each specimen was weighed on the electronic scales of
WPS 1200/C type with the accuracy up to a 0.01 g. Dimensional characteristics were
determined using calipers. To determine the level of HM we used shell, hemolymph,
hepatopancreas, mantle and leg. To determine the HM, the material was prepared ac-
cording to Kjeldahl method [22]. The organ or tissue were removed completely and fixed
with 96% ethanol and evaporated in 6—12 hours at a temperature of 105 °C [22]. The
sample then was burned in nitric acid for 12—24 hours until complete bleaching of mix-
ture. Quantitative HM ion content was determined using atomic adsorption spectropho-
tometer C-115M with flame analyzer (standard C3B 5346). Totally, we executed 3240
tests. Metal concentration was expressed as mg/kg of wet weight of animals under
conditions natural humidity. Statistical processing of the material was made by the con-
ventional method [16].

RESULTS AND DISCUSSION

Determination of total content of the studied ions (Cd, Cu, Pb, Zn) made it possible
to analyze the role of different organs and tissues of mollusks in the accumulation of HM
under the experimental conditions. provided by chronic activity of copper ions. Thus,
uninfected individuals in the control group P. purpura, hemolymph is characterized by the
lowest rates of HM content (3.57% of the total content of HM), the highest rate belongs
to hepatopancreas — 32.21 %. According to total content of HM ions, investigated tissues
and organs were included in a series (in ascending order): hemolymph<shell< mantle<
leg<hepatopancreas. In uninfected L. stagnalis the share of hemolymph accounted for
only 1.83 % of the total HM, and the series is as follows: hemolymph<shell<hepatopanc
reas<leg<mantle.

Trematode infestation leads to changes in the distribution of total content of HM in
the body of gastropods. Thus, in infested P. purpura. investigated tissues and organs
were placed in ascending order in following way: hemolymph<shell<hepatopancreas<
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mantle <leg, in L. stagnalis — hemolymph < hepatopancreas < shell < leg < mantle. The
additional physiological stress in the form of trematode infestation leads to destruction
of acini of hepatopancreas [33], which, in turn, causes differences in contents of the HM
in the organisms of infested animals. Long-term chronic (14 days) stress on the organ-
isms of mollusks by ions of copper (2.0 MPC) led to a redistribution of HM content in the
body of gastropods. According to total content of the studied ions (Cd, Cu, Pb, Zn) in
intact P. rurpura, the following series are built: hemolymph < shell < leg < mantle < he-
patopancreas, and in L.stagnalis we observed the following tendency: hemolymph <
shell < hepatopancreas < mantle < leg. Another sequence was recorded in the infested
individuals of P. purpura: shell < hemolymph < leg < hepatopancreas < mantle, and in
L. stagnalis — hemolymph <shell<mantle<hepatopancreas<leg.

However, the level of accumulation of metals by certain mollusks differs signifi-
cantly (Fig. 1). Thus, in the uninfected individuals of P. purpura and L. stagnalis, the
largest number of Cu found in the mantle; Cd — in hemolymph. As for the other two in-
vestigated ions, hepatopancreas and foot were characterized by maximum content of
Zn ions (L. stagnalis) (P. purpura) ions of Pb were found in shell (P. purpura) and hepa-
topancreas (L. stagnalis).
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Fig. 1. The content (%) of heavy metals in the body of freshwater mollusks under combined action of trema-
tode infestations and low concentrations (2 MPC) ions of copper (14 days): 1 — infested mollusks,
2 — uninfected mollusks; C — control (MPC — maximum-possible concentration)

Puc. 1. BmicT (%) Baxknx MeTaniB B opraHiamMi NpiCHOBOAHMX MOJSIHOCKIB 3@ CyMiCHOI Aii TpemaTofHoi iHBasil
Ta HU3bKMNX KoHUeHTpauin (2 MOK) ioHiB kynpymy (14 Ai6): 1 — iHBa3oBaHi MONOCKK, 2 — HeiHBa30BaHi
montocku; C — koHTponb, 2 MPC — 2 ITOK (FOK — rpaHM4HO gonycTuMa KOHUeHTpauis)
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In the infested individuals of P. purpura and L. stagnalis monotype prevalence of
individual ions content in the studied tissues and organs was observed. So, marker
body for Cu was the mantle; Cd — hepatopancreas, Zn — leg, Pb — shell.

Chronic (14 days) stay in toxic environment leads to migration of investigated HM
ions, except copper ions and redistribution and the maximum of their location in the
body of infested and intact P. purpura: Zn — hemolymph, Pb — leg and Cd — hepatopan-
creas (uninfected) and shell (infested animals). In contrast to the control group of indi-
viduals for uninfected L.stagnalis, the influence of the highest rates of Pb content is
found in mantle and Zn — leg. In the infested parts, the same differences were marked
for ions of Cu — leg and Cd — mantle (Fig. 1).

To clarify the interaction between HM ions during the actions of different concentra-
tions of copper ions (0.5-10.0 MPC) in the body of infested and intact P. purpura using
correlation analysis, we calculated Spearman’s rank correlation coefficient (Table). It be-
came possible to find out a degree of dependence between the studied ions in different
tissues and organs of P, purpura. It was established, that under influence of Cu ions with
concentration of 0.5 MPC in uninfected animals, we observed a significant relationship
(P<0.05) only for mantle between pairs Pb/Cd and Cu/Zn, trematode infestation is inhibi-
tory factor which leads to an increase in correlation hemolymph communication between
pairs of Pb/Cd. Zn/Cd and Cu/Zn, in hepatopancreas Cu/Cd, in leg - Pb/Cd, in shell — Pb/
Cd and Cu/Zn. This suggests different HM regulation of metabolism in the body of mol-
lusks. Raising of toxic effects (2.0 MPC) leads to growth (6 pairs) number of ion pairs in
uninfected animals, which are characterized by correlative relationship (Table). The fur-
ther growth of stress load (5.0 MPC) leads to a possible connection between metals in
uninfected individuals in hemolymph — Pb/Zn, in hepatopancreas — Pb/Cd, Zn/Cd and Pb/
Zn, in mantle — Zn/Cd, in foot — Cu/Zn. In infested individuals the number of such pairs is
growing: in the hemolymph and in hepatopancreas — Zn/Cd, Cu/Pb, in hepatopancreas,
mantle — Cu/Zn, in hepatopancreas, shell — Cu/Cd, in mantle — Cu/Pb, in shell — Pb/Zn.

Further elevation of the presence of copper ions in the environment (10.0 MPC)
increases the number of ion pairs with correlation connection recorded for uninfected
mollusks (9 pairs) and a sharp decrease in infested individuals (5 pairs) (Table).

The analysis of accumulation of copper ions in the body of P. purpura has shown
that during the chronic action (14 days) it is stored in the mantle, hepatopancreas and
less in leg, and even less in the shell and the hemolymph (Fig. 2). The accumulation of
copper ions in the mantle was highest in animals infested with 0.5 (2 times) and 2.0 MPC
(1.5times), and at 5.0 and 10.0 MPC ions of copper decrease its content in an aqueous
medium at 2-3 times in the mantle. This accumulation was higher in infested animals
(0.5 and 2.0 MPC) and its output (5.0 and 10.0 MPC) — in uninfected individuals. Active
accumulation of copper at concentrations close to the MPC, is explained by active ab-
sorption of copper as a nutrient. As a result of nutrition of organ, the mechanisms to
prevent the penetration of copper ions into the cells probably turn on, and accelerate the
withdrawal of its surplus [9]. In hepatopancreas and foot, the level of accumulation of
copper with increasing of MPC has a close trend. At MPC values 0.5 and 5.0 in both we
bodies observed increase of copper ions in 1.7-3.9 times against the control, and at the
concentrations of 2.0 and 10.0 MPC hepatopancreas decreased in 1.5-3.3 times in
infested individuals and 10.0 MPC 16 times in uninfected individuals compared with indi-
viduals of the control group. For the leg, downward trend in cumulative properties of the
investigated ion was found. In hepatopancreas and leg, we detected concentration dif-
ferences in accumulation, connected with the change of mechanisms for linking ions.
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Spearman’s rank correlation coefficient in calculation of connection strength
between metals in infested and uninfected P. purpura during chronic effects

of various concentrations of copper ions

KoediuieHTn kopensuii paHris CnipmeHa npu po3paxyHKax cunu 3B’A3Ky MiX meTanamm
B iHBa30BaHMX Ta HeiHBa3oBaHuUX P. purpura 3a XpOHi4HOI Aii Pi3HMX KOHLIEHTpaL,in
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In the shell, the accumulation of copper ions was detected only at 0.5 MPC, and at the
increasing of MPC index the intensity of this process decreased (in 1.3-2.8 times
against control). The content of copper ions in the hemolymph was lower compared with
its content in hepatopancreas and leg, but had the same dynamics of concentration
dependence of the accumulation.

Thus, the mantle reveals a specific behavior towards accumulation of copper de-
pending on the concentration, that allows to emphasize the vital role of this organ in the
accumulation of the physiologically essential ions and detoxification of others [15].

As for the differences in accumulation of copper ions by the uninfected and infested
animals, both in control and at the chronic effect of high concentrations of ions in inves-
tigated metal, a trend to its greater accumulation by uninfected animals, especially in
hepatopancreas, hemolymph and leg was observed.

Analysis of special literature shows an existence of two stages of biological accu-
mulation of studied metal ions [17]. At the first stage, there is quite rapid absorption of
HM ions as a result of various processes and phenomena — from surface adsorption at
the interface of the body and the environment to the ion exchange in chemical interac-
tion of metal ions on the surface of the substrate and their systems. At the increasing of
saturation of the system with ions, their accumulation from the environment is slowing
and other factors begin to dominate, that leads to the inclusion of metabolism in the
body, excretion rate and other processes causing a dynamic equilibrium between the
inflow of HM ions and their withdrawal.

22

20

Concentration Cu, mg/kg

o | PP
12121212121212121212121212121212121212121212121212
onomovovo vV vV v m vV

Hemolymph Leg Shell Hepatopancreas Mantle

Fig. 2. The content of copper ions in the body of P. purpura during trematode infestations and chronic effect
of copper ions: 1 — infested mollusks 2 — uninfected mollusks; | — control. Il — 0.5 MPC. Il - 2.0 MPC.
IV -5.0 MPC. V —10.0 MPC (MPC — maximum-possible concentration)

Puc. 2. BmicT kynpymy B opraHiami P. purpura 3a TpemaTofHOi iHBa3ii Ta XpOHIYHOI Aji ioHIB Kynpymy: 1 — iH-
Ba30BaHi MOJMOCKU 2 — HeiHBa3oBaHi Montocku; | — koHTponb. |1 — 0,5 TOK. 11l — 2,0 TAK. IV — 5,0 IAK.
V — 10,0 I'AK (FOK — rpaHnyHO gonycTuma KoHLEeHTpaLlist)
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There are two mechanisms of resistance of cells to the action of heavy metals:
extracellular — prevention of penetration of metal ions in the body; intracellular - meta-
bolic adjustment aimed at binding, detoxification and excretion of the metal [23]. Exces-
sive concentration of metal ions in the body can carry toxic effects at the cellular, tissue
and organ levels, so the amount of inflow and animal excretion by the body is regulated
carefully [20].

Another regulatory factor is the mutual influence of metals on the processes of ab-
sorption in each other. The processes of copper absorption are competitive related with
zinc and cadmium, and the amount of absorbed metal is determined by its shape and
composition of the diet [5]. Therefore, in the uninfected and in infested mollusks antago-
nism in the accumulation of zinc and other ions of investigated metals was found. An
important role in the homeostasis of heavy metals play metallothioneins — low molecular
proteins with high content of cysteine (over 30 % of the total content of amino acids) that
do not outline hydrophobic amino acids and have a high affinity for divalent HM ions
because of sulfhydryl groups. Metallothioneins are involved in both maintaining constant
concentration of free ions of physiologically important metals in normal conditions (cop-
per, zinc) [27] and in detoxification of toxins, such as plumbum, mercury, cadmium.

CONCLUSIONS

Intracellular detoxification systems are implemented in three main ways: limiting
inflow of metal ions into the cell, growth of toxicant export from cells and binding to the
metal in a form that does not carry toxic effects (chelates, soluble compounds) [6]. Indi-
vidual organs play a leading role in accumulation and redistribution of metal ions in the
body of mollusk. For cadmium, zinc and copper at chronic exposure, mantle shows the
highest affinity to them. Plumbum is mainly accumulated in the shell. The role of hepa-
topancreas during the actions of all studied metals, lies in the initial association with
binding of specific and nonspecific proteins and their subsequent redistribution in other
organs and tissues. The role of hemolymph is in transfer and participation in the redis-
tribution of ions between the organs and tissues, and, therefore, its relative metal con-
tent compared to other studied organs and tissues is the smallest. The accumulation of
metal ions is largely governed by so important biotic factor as trematode invasion. As a
whole, the mantle invasion promotes grabbing of metals, especially nutrients. In other
tissues and organs, especially hepatopancreas and leg, the presence of trematode in-
festations generally reduces their accumulation capacity.
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OCOBJIMBOCTI PO3NOAINY IOHIB BAXXKUX METAIJIB
Y NPICHOBOAHMX MOJKOCKIB 3A CYMICHOI Al IOHIB KYNPYMY
| TPEMATOHOI IHBA3II

I. €. Kupu4dyk

XKumomupcbkuli OepxxasHull yHisepcumem iMeHi IeaHa ®paHka
syn. Benuka Bepdudyiscbka, 40, )Kumomup 10008, YkpaiHa
e-mail: kyrychuk@zu.edu.ua

JocnigxeHo 0cobnmBOCTI HAKOMUYEHHS iOHIB KyNpyMmy Y NPIiCHOBOOHMX MOJTHOCKIB
Lymnaea stagnalis i Planorbarius purpura 3a eKcnepuMmeHTanbHUX YMOB XPOHIYHOI Aji
(0,5; 2; 5i 10 rpaHmnyHO gonycTMMa KOHLeHTpaLis (puborocnogapcbka)) y Hopmi Ta 3a
CyMicHOI il TpemaTofHoi iHBasii i 3a3Ha4YeHoro nontotaHTa. lNpoaHanizoBaHo ocobnu-
BOCTi po3noginy ioHiB Cu, Pb, Cd i Zn B opraHiami MOMOCKIB 3a 3rafaHnX YMOB.
3’acoBaHo, L0 TpeMaTofHa iHBa3isi NpM3BOAUTL 4O 3MiHM PO3MOAiNy CyMapHOro BMiCTY
BaXKMUX MeTaniB B opraHiami 4epeBoHOIrMx MontockiB. Tak, y iHBazoBaHux P. purpura oo-
CRiXXeHi TKaHWHWU 1 OpraHy Po3MICTUNNCA B MOPSAKY 3POCTaHHS: remoniMmda < vepe-
naLuka < renatonaHkpeac < MaHTia < Hora, a y L. stagnalis — remonimda < renatonaH-
Kpeac < yepenallka < Hora < MaHTisl. 3a LONOMOro KOpensLinHoro aHanisy po3paxo-
BaHO paHroBun koedilieHT kopensauii CnipmeHa. Lle gano 3mory BUABUTK CTYMiHb
3anexHOoCTi MiX 4oCNigXeHMMM ioHaMK B Pi3HUX TKaHWHaX i opraHax P. purpura. Bcta-
HOBIIEHO, WO aKyMynsuis MeTaniB € TKaHMHOCNeuMdiYyHo, a piBeHb iX HAKONMUYEHHS
MoB’sI3aHUI 3i CNOpPIQHEHICTIO MeTaniB Ao HecneumdivHnxX i cneundiyHnx metaboniTis,
MeTaboMivYHOK aKTUBHICTIO 1 (hiionoriyHo NOTPebol OpraHiaMy MOSOCKIB Y LUX Me-
Tanax.

Knroyoei crioea: ioHW Kynpymy, BaxKki MeTanu, npiCHOBOAHI MOMIOCKWU, HaKomnu-
YeHHs, TpemartogHa iHBasisf, Lymnaea stagnalis, Planorbarius
purpura.
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OCOBEHHOCTHW PACNPEAENEHUA NOHOB TAXENbIX METANNOB
NPECHOBOHBLIX MOJMIOCKOB NPU COBMECTHOM
BO3OEACTBMU NOHOB MEOU U TPEMATOAHOW WHBA3UU

I. E. Kupuyyk

XKumomupckuli eocydapcmeeHHbIl yHugepcumem umeHu MeaHa ®paHKo
yn. bonbwas Bepduuesckas, 40, Kumomup 10008, YkpauHa

e-mail: kyrychuk@zu.edu.ua

WcecnegoBaHbl 0COBEHHOCTU HAKOMNMEHUS MOHOB Meau B NMPECHOBOAHBLIX MOHO-
ckax Lymnaea stagnalis v Planorbarius purpura B aKCnepuMmeHTarbHbIX YCNOBUAX NpuU
xpoHnyeckom Bosgenictaum (0,5; 2; 5 n 10 npegensHO gonyctnmasi KOHUEeHTpaums (pbl-
00x034a1CcTBEHHAs)) Ha POHE TpemaToaHoM nHBasuu. MNpoaHannaMpoBaHbl 0COGEHHOCTH
pacnpegenenus Cu, Pb, Cd n Zn B opraHM3me MOMHOCKOB MPW YKa3aHHbIX YCIIOBUSIX.
BbisicHeHO, 4YTO TpemaTogHas UHBa3us MPUBOOUT K M3MEHEHUIO pacnpeaeneHus cym-
MapHOro CoAepXKaHWs TSXKENbIX METaNsoB B OpraHn3Me OprOXOHOTMX MOMIOCKOB. Tak,
Yy MHBa3MpOBaHHbIX P. purpura NccnegoBaHHble TKaHU M OpraHbl PacrnonoXeHbl B Nopsa-
Ke BO3pacTaHus MX COOepXXaHns: remonMmMmaa < pakoBuHa<renatonaHkpeac < MaHTus <
Hora, a y L. stagnalis — remonumda < renatonaHkpeac < pakoBMHa < Hora < MaHTuS.
C nomoLLbo KOPPENSLMOHHOTO aHann3a paccynTaH paHroBbli KOIMMULMEHT KOppens-
uumn CnvpmMeHa. OTO NO3BOMUIO BbISCHUTL CTEMEHb 3aBUCUMOCTU MeXay MccrneaoBaH-
HbIMW MOHaMW B pasHbIX TKaHSX U opraHax P. purpura. YCTaHOBIEHO, YTO aKKyMynsums
METansoB TkaHecneumgmnyHa, a ypoBeHb UX HaKONMEHUs onpeaensieTcs CpogcTBoM Me-
TanmnoB K Hecrneundunyeckum n cneumdmnyeckum metabonmtam, MeTabonmyeckon akTuBe-
HOCTbIO U OU3MOMNOrMYECKON NOTPEOHOCTLIO OpPraHn3mMa MOJTTFOCKOB B 3TUX MeTannax.

Knrouyeesie croea: VOHbI Meau, TSKernble MeTansbl, NnpecHoOBOAHbIE MOJITHOCKMN,

HakonneHwe, TpemaTtogHasi MHBasus, Lymnaea stagnalis, Pla-
norbarius purpura.
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ISSN 1996-4536 (print) e ISSN 2311-0783 (on-line) ¢ bionoriyHi CTyaii / Studia Biologica e 2015 ¢ Tom 9/Ne3—4 e C. 107-118



