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Purpose. To establish the patterns of change
in the B-carotene content in the hemolymph and
hepatopancreas of Lymnaea stagnalis under
the effect of phenol at concentrations of 0.0005,
0.002, 0.005 and 0.01 mg/dm? at different expo-
sure durations (2, 7, 14, and 21 days).

Methodology. The study was conducted
on sexually mature, uniformly sized L. stag-
nalis (Linnaeus, 1758) mollusks. The animals
were kept in phenol solutions at concentrations
of 0.0005, 0.002, 0.005 and 0.01 mg/dm? for 2,
7, 14, and 21 days. All experiments were ac-
companied by a control. The B-carotene con-
tent was determined spectrophotometrically in
the hemolymph and in previously homogenized
hepatopancreas tissues after extraction with
hexane (1:4). Two-way analysis of variance
(two-way ANOVA) and Tukey’s post hoc test
(Tukey HSD) were used for the statistical pro-
cessing of the results.

Findings. Two-way analysis of variance
showed a statistically significant effect of the
factors ‘phenol concentration” and “exposure
duration” as well as of their interaction on the
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Mema. BcmaHosumu 3aKOHOMIpHOCMI 3MiH
emicmy [-kapomuHy & 2emornimei ma 2enamo-
naHkpeaci Lymnaea stagnalis (Linnaeus, 1758)
3a 0il peHony y koHueHmpaujisx 0,0005, 0,002,
0,005 ma 0,01 me/Om® 3a pisHoi mpusanocmi
excrio3uyii (2, 7, 14 ma 21 0oba).

Memoduka. [ocnioxeHHs1 nposedeHo Ha
cmameego3pinux  00HOPO3MIPHUX — MOJTHOCKax
euly L. stagnalis. TeapuH ympumysanu y po3-
YuHax geHory y koHueHmpauisix 0,0005, 0,002,
0,005 ma 0,01 me/Om® npomsicom 2, 7, 14 i 21
0obu. Yci docnidu cyrnposodxysanuck KOHMPO-
nem. Bmicm B-kapomuHy eu3Hayanu criekmpo-
gomomempuyHUM MemoOoM y eemorimepi ma
20MO2eHami eenamonaHKpeacy nicrisi ekcmpak-
uii 2ekcaHom (1:4). Ana cmamucmuy4Hoi 06pob-
Ku pe3ynbmamie 3acmocoeaHo 080¢hakmopHuUll
oucnepciliHuti aHania (Two-way ANOVA) ma
anocmepiopHuti mecm Tbitoki (Tukey HSD).

Pe3ynbmamu. [JgoghakmopHuti ducriepcil-
HUU aHani3 rnokasas cmamucmu4yHo 3Haqywud
8rnug ¢hakmopie «KoHueHmpauisi gpeHory» ma
«mpuesanicmb eKCcrio3uuiiy, a makox ixHboi 83a-
emodil Ha emicm [B-kapomuHy y eernamonaHKpe-
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B-carotene content in the hepatopancreas (p <
0.001) and hemolymph (p < 0.001) of the mol-
lusks studied, which indicates the nonlinear and
time-dependent nature of the response of the
carotenoid system. In the hepatopancreas of
L. stagnalis, at the early stage of exposure (2
days) under the effect of phenol at a concen-
tration of 0.0005 and 0.005 mg/dm?®, the B-car-
otene content decreased significantly, by 42.4—
46.8% (p < 0.001-0.01), whereas prolongation
of the exposure to 21 days was accompanied by
an increase in this parameter by 31.2-51.5 %
(p < 0.01-0.05), which indicates a reorganiza-
tion of carotenoid metabolism under conditions
of prolonged toxic effect. In the hemolymph of
the mollusks studied, the changes were more
variable; however, on day 21 of exposure, the
effect of phenol, irrespective of the concentra-
tion, caused an increase in the 3-carotene con-
tent by 15.83-46.95 % relative to the control (p
<0.01-0.05).

Originality. The temporal and tissue-spe-
cific dynamics of B-carotene content in the
hemolymph and hepatopancreas of Lymnaea
stagnalis under chronic phenol exposure with-
in the concentration range of 0.0005-0.01 mg/
dm® were established, and the pattern of these
changes was shown to depend on the com-
bined effects of phenol concentration and expo-
sure duration.

Practical Value. The results obtained ex-
pand current understanding of the reorgani-
zation of carotenoid metabolism in freshwater
mollusks under conditions of phenol intoxication
and substantiate the potential of using 3-caro-
tene as a biochemical marker of phenol pollu-
tion in the ecotoxicological monitoring of fresh-
water ecosystems.

Keywords: freshwater mollusks, aquatic
bioresources, aquatic toxicology, carotenoids,
ecotoxicological monitoring.

PROBLEM STATEMENT
AND ANALYSIS OF LAST
ACHIEVEMENTS AND
PUBLICATIONS

Freshwater mollusks are an important
component of the bioresources of inland
water bodies and play a significant role
in the functioning of natural and artifi-
cial aquatic ecosystems. They participate
in the transformation of organic matter,

aci (p < 0,001) ma eemonimei (p < 0,001) do-
CrlidXysaHUX MOIIOCKI8, Wo €8idyumb Mpo He-
TiHIGHUG | Yaco3anexHul xapakmep 8i0noeidi
KapomuHoIiOHOI cucmemu. Y 2ernamonaHkpeaci
L. stagnalis Ha paHHbOMY emani ekcrio3uuii (2
0ob6u) 3a 0Oii peHony y koHueHmpauisx 0,0005
ma 0,005 me/0m?® emicm B-kapomuHy docmosip-
HO 3MeHuwyeascsl Ha 42,4-46,8 % (p < 0,001-
0,01), modi sik npornoHeayisi ennugy 0o 21 dobu
Cynposodxysanacsi 3pOCMaHHsSIM MOKa3HUKI8
Ha 31,2-51,5 % (p < 0,01-0,05), wo ceid4ums
npo nepebydosy KapomuHOiOHO20 ObMiHy 3a
YMO8 mpugasio2o MOKCUYHO20 HaB8aHMAaXEHHS.
Y eemonimaepi 3miHu 6yru binbw eapiabensHumMu,
00Hak Ha 21 0oby ekcrio3uuii Oisi heHosy He3a-
TIeXHO 8i0 KOHUeHmpauii 3ymoernosana 36irs-
weHHs1 emicmy 3-kapomuHy Ha 15,83—-46,95 %
wodo koHmponto (p < 0,01-0,05).

Haykoea Hoeu3Ha. BcmaHosrieHo oco-
6rusocmi 4acogoi ma mkaHUHHO-crieyughiyHoI
OuHamiku emicmy B-kapomuHy & 2emorimei ma
2enamonaHkpeaci L. stagnalis 3a xpoHidHoi Oii
¢beHony y Oiana3oHi koHueHmpauit 0,0005—
0,01 me/OM® ma noka3aHo 3anexHicmb Xxapak-
mepy yux 3miH 6i0 noedHaHoi dii KoHUeHmpau,ii
eHory i mpuganocmi ekcrio3uuji.

lMpakmu4Ha 3Hayywicmb. OmpumaHi pe-
3ynbmamu  pO3WUPKMb  CydYacHi ys6/1eHHs
npo rnepebydosy KapomuHoiOHO20 OOMIHY y
MPICHOBOOHUX MOJTIOCKI8 38 YMO8 (heHOIbHOI iH-
mokcukauii ma obrpyHmosyroms rnepcrnekmus-
Hicmb 8UKOpUCMaHHSA [3-KapOmuHy 5K MOMeH-
uitiHo2o b6ioxiMiYyHO20 MapKepa GheHOIbHO20
3abpyOHeHHs1 i@ 4Yac EeKOMOKCUKOM02i4HO20
MOHIMOPUH2Y MPiCHOBOOHUX €KOCUCMEM.

Knroyosi crioea: npicHOBOOHI MOMOCKU,
800HI biopecypcu, 800Ha MOKCUKOIIO2is, Kapo-
MUHOIOU, eKOMOKCUKOMO2IYHUU MOHIMOPUHa.

MOCTAHOBKA MPOBJEMM
TA AHAJI3 OCTAHHIX
JOCJIKEHD 1 MYBJIKALINA

[IpicHOBOIHI MOJIOCKM € BasKJIMBHM
KOMITOHEHTOM 0i0pecypciB BHYTPIIIIHIX BO-
JIOMM 1 BiIIrpatoTh iCTOTHY POJb y (yHKIIi-
OHYBaHHI IIPUPOTHNX Ta ITYYHUX BOJHUX
exocucteM. Boum OepyTh ydacTb y TpaH-
copmarii opraHigHOI peIOBHHH, KOIO00i-
ry 610TCHHHX EJIEMEHTIB, Iporecax 6ioJo-
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the circulation of biogenic elements, the
processes of biological self-purification
of water bodies, and also form the prey
base for many species of commercial and
non-commercial fish, influencing the bio-
logical productivity of fishery water bodies
[1-3]. Due to their sedentary lifestyle, high
population size, ability to accumulate pol-
lutants, and relative tolerance to changes
in environmental conditions, freshwater
mollusks are widely used as effective bi-
omonitors, bioindicators, and test organ-
isms in ecotoxicological studies [4-6].
Disturbance of the physiological and bio-
chemical state of these animals due to the
action of xenobiotics can negatively affect
not only the viability of their populations,
but also the functioning of food chains, the
state of the prey base of ichthyofauna, and
the biological productivity of fishery water
bodies [2—4]. In this regard, the study of
early physiological and biochemical reac-
tions of mollusks to the action of toxicants
is of great importance for assessing the
ecological state of water bodies, predicting
the consequences of anthropogenic pollu-
tion of aquatic ecosystems, and determin-
ing the degree of stability and bioproduc-
tive potential of aquatic bioresources.

Among the wide range of organic pol-
lutants, phenolic compounds pose a par-
ticular danger to aquatic ecosystems, the
constant influx of which with wastewater
from petrochemical, coke, woodworking,
pharmaceutical, and pulp and paper indus-
tries causes chronic pollution of surface
water bodies even at relatively low con-
centrations [7-9]. In surface waters, phe-
nolic compounds are found at a wide range
of concentrations — from submicrogram
values to tens and hundreds of milligrams
per dm®, which reflects the different lev-
els of anthropogenic load, the diversity of
their sources of supply, and the intensity of
natural degradation processes [9].

Phenol is characterized by high solubil-
ity in water, relative chemical stability in

T1YHOTO CaMOOYHIIEHHS BOIOIM, a TaKOX
(dhopMyrOTh KOPMOBY ©0a3zy OararboX BH-
JIB TIPOMUCIIOBUX 1 HEMPOMHUCIIOBHX PHO,
BIUTUBAIOUH HA 010JI0T1YHY IPOAYKTUBHICTD
pudorocnonapchkux Bomonm [1-3]. 3aBms-
KA MaJIOPYXJIUBOMY CIIOCOOY JKHUTTS, BH-
COKI YUCENBHOCTI TOMYJISIIN, 3AaTHOCTI
aKyMYJIIOBAaTH 3a0pYIHIOBAIbHI PEUOBUHU
Ta BIJJHOCHIN TOJIEPAHTHOCTI JIO 3MiH YMOB
CepeIOBHIIA TIPICHOBOHI MOJFOCKH IIIHPO-
KO BUKOPHCTOBYIOTHCS SIK e(eKTHBHI 0i0-
MOHITOpPH, O101HJMKATOPH Ta TECT-OpPraHi3-
MH B E€KOTOKCUKOJIOTTYHMX IOCIIDKEHHAX
[4-6]. Hopymenns ¢izionoro-6ioximMiuyHO-
TO CTaHy IIMX TBAPHH 3a JIii KCEHOO10THKIB
MO)KE HETaTHBHO ITO3HAYATHCS HE JIUIIE
Ha JKUTTE3IATHOCTI IXHIX TOMYJAIIN, a i
Ha (PyHKIIOHYBaHHI JIAHIIOTIB YKUBJICHHS,
CTaHI KOPMOBOi 0a3u ixTiodayHu Ta Oio-
JIOT14HIM MPOXYKTUBHOCTI puOorocmoaap-
ChKHX BOZONM [2—4]. V 3B’s13Ky 3 1IUM, J10-
CIIJKEHHS paHHIX (i3i010r0-0i0XiMivHHUX
peaKIliii MOJIFOCKIB Ha JIiF0 TOKCHKAHTIB Ma€e
BKJIMBE 3HAYCHHS JUIS OI[IHIOBAHHS €KO-
JIOTIYHOTO CTaHy BOJAOWM, TPOTHO3YBaHHS
HACNIJKIB aHTPONOIE€HHOTO 3a0pyIHEHHS
BOJHHUX CKOCHCTEM 1 BH3HAYECHHS CTYTICHS
CTIHKOCTI Ta GiONPOTYKTUBHOTO MOTEHIlia-
JIy BOJIHUX 0i0pecypciB.

Cepell IIHPOKOTO CIEKTpa OPraHidHUX
3a0pYAHUKIB OCOOIMBY HEOC3IEKY ISl BOI-
HHUX EKOCHUCTEM CTAaHOBJATH ()CHOJNBHI CIIO-
JIYKH, TTOCTIHHE HAIXO/PKSHHS SIKHX 31 CTid-
HUMH BOJIAMH TiIIPUEMCTB HAPTOXIMIUHOT,
KOKCOXIMIYHO1, JIepeBOOOPOOHOI, (apmarie-
BTUYHOI Ta LEITFOII03HO-IANEPOBOT IIPOMIIC-
JIOBOCTI 3yMOBIIIOE XpOHIUHE 3a0pyIHEHHS
MOBEPXHEBUX BOJOWM, HABITH 32 BIHOCHO
HU3BKHX PIBHIB KoHIeHTpamii [7-9]. ¥V mo-
BEPXHEBHX BOJAX (PEHOJBHI CIIONYKH BHSIB-
JISIFOTBCS Y IMUPOKOMY JTialla30Hi KOHIICH-
Tpauii — Bi CyOMIKpOrpaMOBUX 3HAUCHb
10 IECATKIB 1 COTEHb MIJirpamiB Ha IM>, 110
Bi0Opaxae pi3HUi piBEHb AHTPOIIOTEHHOTO
HABaHTa)KCHHSI, PI3HOMAHITHICTh JpKepen iX
HAJIXOIUKEHHSI Ta IHTEHCHUBHICTb MPOLECIB
TIPUPOTHOI Jierpaartii [9].
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the aquatic environment, and the ability to
easily be involved in the metabolic process-
es of aquatic organisms due to rapid pene-
tration into tissues, which creates the risk
of developing its chronic sublethal effects
[8—11]. Under conditions of chronic expo-
sure to even low concentrations of phenol,
animals develop persistent biochemical
changes that precede the development of
morphological damage and a decrease in
the reproductive potential of populations.
Due to its significant reactivity, phenol
participates in numerous redox processes
and exhibits pronounced toxicity, which
causes an imbalance in the prooxidant-an-
tioxidant system, intensification of the for-
mation of reactive oxygen species and the
development of oxidative stress [12—14].
In addition, phenol and its derivatives can
serve as specific metabolic inhibitors, as
they are able to inhibit enzyme activity,
adenosine triphosphate (ATP) synthesis,
uncouple oxidation and phosphorylation
processes, and cause the development of
hepatotoxic, mutagenic, and carcinogenic
effects in the body [11, 15].

In modern ecotoxicology, a system of
early biomarkers is widely used, which
capable of detecting disturbances in cellu-
lar metabolism before lethal effects occur.
The most informative indicators include
components of the antioxidant system, in
particular, low-molecular-weight antioxi-
dants, detoxification enzymes, lipid perox-
idation products, and pigment metabolites
[16—18]. One of the important components
of the nonspecific antioxidant system (ns-
AQS) are carotenoids, in particular B-car-
otene, which are able to neutralize reactive
oxygen species, stabilize biomembranes,
exhibit provitamin A activity, stimulate the
immune response, and participate in the
regulation of signaling pathways that me-
diate cellular stress [17, 19-21].

@deHOM  XapaKTePH3y€ETHCS  BHCOKOIO
PO3YHMHHICTIO Y BOJi, BIJHOCHOIO XiMiy-
HOKO CTa0UIBHICTIO Yy BOTHOMY Cepeio-
BHUIIII Ta 3/ATHICTIO JIETKO 3aJIy4aTucs IO
MeTa0OMIYHHUX TPOIIECIB TiIPOOIOHTIB Ue-
pe3 MIBUKE MPOHUKHEHHS B TKAHUHH, IO
CTBOPIOE PHU3UK PO3BUTKY HOTO XPOHIYHOI
cyoneranbHoi aii [8—11]. 3a ymM0OB XpoHiy-
HOTO BIUIMBY HABITh HU3BKHX KOHIICHTpA-
uiit penony y tBapuH QOpMYIOThCS CTIHKi
010X1MIUHI 3MiHH, SIKi TIEPETYIOTh PO3BUTKY
MOPQOIOTIYHUX YIIKO/HKEHb 1 3HUKEHHIO
PETPOTYKTUBHOTO TIOTCHITIATY TTOITYJISIIIH.
3aB/sIKK 3HAYHIN peakiiiiHii 31aTHOCTI (e-
HOJI Oepe y4JacTh Y YMCICHHUX OKUCHO-BI/I-
HOBHHX TMPOIIECaxX 1 BHSBIIE BUPAKCHY
TOKCHYHICTh, IO 3yMOBJIOE JucOaJiaHC
MPOOKCUIAHTHO-aHTUOKCUIAHTHOI ~CHCTE-
MH, THTCHCH(]IKAIIF0 YTBOPEHHS aKTHBHUX
(GOpM KHCHIO Ta PO3BHTOK OKCHUAATUBHOIO
ctpecy [12—14]. Okpim 11poro, GeHod 1 ioro
MOX1IHI MOXKYTh CJIYTYBaTH CHIENU(pIIHUMU
MeTa0OIYHUMHU 1HTI0ITOpaMH, aJKe 31aTHI
MIPUTHIYYBAaTH aKTUBHICTb €H3UMIB, CHHTE3
AT®, po3’eHyBaTH TPOLIECH OKHCHEHHS 1
(bochopriToBaHHS Ta BUKIUKATH PO3BUTOK
TEeNaTOTOKCHYHNX, MyTareHHUX Ta KaHIIe-
poreHHux e(exTiB B opranizmi [11, 15].

VY cydacHI E€KOTOKCHKOJOTI ITHPOKO
BUKOPHCTOBY€ETBCSI CHCTEMA PAaHHIX OioMap-
KepiB, 31aTHAX (DiKCyBaTH MOPYIIEHHS KJTi-
TUHHOTO METa00ITi3My JIO ITOSIBU JICTATbHUX
edekriB. [lo HalliHQopMaTHBHAX TIOKa3HH-
KiB HAJIG)KaTh KOMITOHCHTH aHTHOKCHJIAHT-
HOI CHCTEMH, 30KpeMa, HU3HKOMOJICKYILIp-
Hi aHTUOKCHIAHTHU, CH3UMH JCTOKCHKAIIIl,
MIPOIYKTH ITEPEKUCHOTO OKMCHEHHS JIIITiTiB
Ta mirMeHTHi Metabonitu [16—-18]. Onaum
13 BOKJIMBUX KOMITOHEHTIB HECTICTU(IUHOT
antuokcunantHoi cucrtemu (AOC) € kapo-
THHOIIM, 30KpeMa [-KapoTHH, sKi 37aTHi
HeWTpalizyBaTH aKkTUBHI (opMU KHCHIO,
cTaburizyBaTit OlOMEMOpaHH, TIPOSBIISATH
MPOBITAMiHHY A-aKTUBHICTb, CTUMYJIIOBA-
TH IMyHHY BIAIOBIIb Ta OpaTW ydacTh y
peryssinii CUrHaJAbHUX HUISIXIB, 10 ONOCe-
PEIKOBYIOTh KIITHHHMH cTpec [17, 19-21].
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HIGHLIGHT OF THE EARLIER
UNRESOLVED PARTS OF THE
GENERAL PROBLEM.
AIM OF THE STUDY

Despite a significant number of studies
devoted to the toxic effects of phenol and
changes in individual indicators of the an-
tioxidant system of aquatic organisms, the
dynamics of B-carotene content in various
tissues and organs of freshwater mollusks
remain poorly understood.

Previous studies established dose- and
tissue-specific dynamics of changes in the
content of B-carotene in the body of fresh-
water mollusks under different durations of
exposure to toxicants of different chemical
nature, in particular ammonium chloride,
phenol, and heavy metal ions, which indi-
cates the complex nature of the interaction
between the nature of the toxicant and the
physiological and biochemical state of their
body [22-25]. At the same time, the pat-
terns of the temporal dynamics of the con-
tent of B-carotene in the hepatopancreas and
hemolymph of L. stagnalis under chronic
exposure to phenol in a wide range of con-
centrations remain insufficiently understood.
In this regard, a comparative study of the
hepatopancreas as the main organ of metab-
olism, deposition and biotransformation of
xenobiotics and hemolymph, which provides
transport of substances between organs and
reflects systemic changes in the body, is im-
portant. Analysis of the temporal dynamics
of B-carotene in these functionally different
components of the body allows deepening
our understanding of the peculiarities of the
tissue-specific compensatory and adaptive
response of freshwater mollusks under con-
ditions of phenol intoxication.

Given the above, the aim of the study
was to establish the patterns of changes in
the content of f-carotene in the hemolymph
and hepatopancreas of Lymnaea stagnalis
under the action of phenol at concentra-
tions of 0.0005, 0.002, 0.005 and 0.01 mg/
dm?® for different durations of exposure (2,
7, 14 and 21 days).
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BUAIVIEHHA HEBUPIINEHUX
PAHIIIE YACTHH 3ATAJIBHOI
HNPOBJIEMU. META POBOTH

Hes3Baxkarouu Ha 3HAYHY KUIBKICTB JI0-
CIIJKCHb, TPUCBIYCHUX TOKCHYHIN i
(deHONMy Ta 3MiHAM OKpEMHX IOKAa3HHKiB
AHTHOKCUJIAHTHOI CHCTEMH TiJpOOiOHTIB,
0COOIMBOCTI TMHAMIKH BMICTY B-KapoTH-
Hy y PI3HUX TKaHWHAX Ta OpraHax Ipic-
HOBOJTHHX MOJIOCKIB 3aJIUIIAIOTHCS HEIO0-
CTaTHHO BHBYCHUMH.

Y nonepeHix TOCTiKEHHIX HAMU BCTa-
HOBJICHO JI030- Ta TKaHWHOCTEIU(IYHY -
HaMiKy 3MiH BMICTy -KapOTHHY B OpraHi3mi
MIPICHOBOJTHUX MOJIFOCKIB 3a PI3HOTPHBAJION
JIii TOKCUKAHTIB Pi3HOT XIMIYHOI TIPUPOJIH,
30KpeMa XJIOPHY aMOHi0, (DeHOITy Ta 10HIB
BOKKHMX METAJIB, II0 BKA3y€ HA CKIIAHUI
XapakTep B3aEMOJIii MK TIPHPOJIOI0 TOKCH-
KaHTy Ta (i31010ro-0i0XiMIYHUM CTaHOM
opranismy [22-25]. BogHodac, 0coOIMMBOCTI
YacoBOi JJMHAMIKM BMICTY [-KapOTHHY Y Te-
naronankpeaci Ta remonmimi L. stagnalis 3a
XPOHIYHOI Aii peHomy B HIMpOKOMY Jlianazo-
Hi KOHIICHTpAIIii 3aJTUIIAF0THCS HEOCTATHHO
3’SICOBAHMMHU. Y 3B’S3KY 3 I[MM, aKTyaJIbHUM
€ TIOpIBHSUTbHE JIOCIIKEHHSI TeraToraH-
Kpeaca sK OCHOBHOIO OpraHa MeTadoi3-
My, JICNIOHYBaHHA Ta OioTpaHchopmarii
KCEHOOI10THKIB 1 remoniMpu, sika 3ade3re-
9qy€e TPAHCIIOPT PEYOBMH MK OpraHaMH Ta
BiZIoOpa)ka€ CHCTEMHI 3MIHM B OpraHizmi.
AHami3 9acoBOi JMHAMIKH [-KapoOTHHY B
UX (YHKLIOHAIBHO PI3HUX KOMIIOHEHTaX
OpraHi3My Jla€ 3MOTY IOIIMOWUTH YSIBJICH-
HS PO OCOOMMBOCTI TKAHWHOCTELH(DIUHOT
KOMITEHCATOPHO-a AN TAI[IHHOT BianoBsial
MIPICHOBOJTHUX MOJIOCKIB 32 YMOB (pEeHOIIb-
HOI IHTOKCHKAI].

3BakalouM Ha BUKJIAJEHE, METOK JO-
CIJKeHHsT OYyJIO BCTAQHOBJICHHS 3aKOHO-
MIpPHOCTEH 3MiH BMICTY [-KapOTHHY B re-
MonimMdi Ta remaronankpeaci L. stagnalis
3a naii ¢denony y xonuentpauii 0,0005;
0,0020; 0,0050 Ta 0,0100 mr/aM® 3a pi3-
HOI TpuBanocTi excrosuuii (2, 7, 14 ta 21
n00a).
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MATERIALS AND METHODS

The material for the study were 200
individuals of uniformly sized Lymnaea
stagnalis (Linnaeus, 1758) (shell height —
37.94 £ 2.04 mm; body weight — 4.78 +
0.81 g), collected in October—November in
the Teteriv River basin near the village of
Dryhliv, Zhytomyr region. The toxicolog-
ical study was preceded by a 14-day ac-
climation of animals to laboratory condi-
tions. Phenol of analytical grade was used
at concentrations of 0.0005, 0.002, 0.005
and 0.01 mg/dm?®, which corresponded to
0.5; 2; 5 and 10 MPC for fisheries water
bodies. The control were mollusks kept in
dechlorinated tap water without the addi-
tion of toxicant. The exposure was 2, 7,
14 and 21 days. Mollusks of the control
and experimental groups were kept in 10
individuals in 5-liter aquariums with aer-
ated tap water that had been settled for 24
hours at stable temperature, pH, and dis-
solved oxygen content (t = 8-20°C; pH
= 7.3-7.7; oxygen content = 8.5-8.9 mg/
dm?®). A separate aquarium was used for
each experiment variant. After exposure,
each individual was analyzed separately (n
= 10). To maintain the purity of the exper-
iment, maintain the specified phenol con-
centrations, and prevent the accumulation
of exometabolites, the water and solutions
in the aquariums were replaced with fresh
water daily. Macerated cabbage leaves
were used to feed the mollusks. The diet
and feeding regimen were the same for all
study groups.

After the appropriate exposure peri-
od, hemolymph was collected from the
mollusks of the control and experimen-
tal groups by direct exsanguination, after
which the animals were dissected and the
hepatopancreas was removed. To exclude
the influence of trematode invasion on the
studied parameter, only uninfested individ-
uals were used.

The carotenoid content was determined
spectrophotometrically in terms of f-caro-

MATEPIAJIM TA METOAN

MarepianoM Ajsi TOCTIKEHHS CIIyTy-
Basu 200 ek3. oqHOpOo3MipHUX L. stagnalis
(Bucora uepenamku — 37,94 + 2,04 mwm;
Mmaca Tima — 4,78 + 0,81 1), 3i0panux y
KOBTHI—JIHMCcTONaAl B OaceitHi p. Terepis
noomzy c. Jpurinis JXKuromupchkoi 00-
nacTi. TOKCHKONOTiYHOMY JOCHiIKEHHIO
nepeayBaia 14-m060Ba akiiMallisi TBapuH
0 71a00paTopHUX YMOB. Y TOKCHKOJO-
TIYHUX JTOCII/DKEHHSIX BHKOPUCTOBYBAJIH
(enon xkBamidikamii 4.4.a. y KOHIEHTpaLii
0,0005; 0,0020; 0,0050 ta 0,0100 Mr/mm?,
mo Bigmosigamu 0,5; 2,0; 5,0 1 10,0 I'1I-

— KoHTposeM ciryryBaii MOJFOCKH,
SIKHX YTPUMYBAJIU Y JEXJIOPOBaHii BOIO-
MIPOBIIHIN BOJI 03 Jo/laBaHHS TOKCUKAH-
Ty. Excriosunisi cranosuna 2, 7, 14 ta 21
1100y. MOITIOCKIB KOHTPOJIBHOI Ta JIOCIII-
HUX Ipyn yTpuMyBaiu o 10 ex3. B akBapi-
yMax 00’€MOM 5 JI 3 BIICTOSTHOIO TIPOTATOM
J100M aepOBAHOKO BOJIONPOBITHOIO BOJIOIO
3a cTablIbHUX Temreparyp, pH Ta BMmicTy
posuuHeHnoro kucHiw (t = 18-20°C; pH =
7,3-7,7; BmicT xuchro = 8,5-8,9 mr O,/
v, JIiist KOsKHOTO BapiaHTa J0CIiay BH-
KOPUCTOBYBAJIM OKpeMui akBapiym. ITicis
3aBEpIICHHS] EKCIO3ULII KOKHY OCOOMHY
anamizyBanu okpemo (n = 10). s mo-
TPUMaHHS YUCTOTH EKCHCPHUMEHTY, IIiji-
TPUMaHHS 33JaHUX PIBHIB KOHIICHTpAIlii
(deHONy Ta 3amoOiraHHs HAKOMUYEHHIO
€K30MeTa0OJITIB BOy Ta PO3YMHH B aK-
BapiymMax MI0J00M 3aMiHIOBAIM Ha CBiXKI.
JIist miAromiBii MOJIFOCKIB BUKOPHUCTOBY-
BaJIM MalepOBaHEe JIUCTS KamycTu. Paiion
Ta PEKUM TOMIBII OyJIM OJIHAKOBHMH JISI
BCIX JTOCIIPKYBaHUX TPYII.

[Ticnst 3aBepIeHHsT BiIIOBITHOTO Tep-
MiHY €KCHO3HUIIT y MOJIOCKIB KOHTPOJIBbHOL
Ta JIOCIITHUX TPYIT METOJIOM ITPSIMOTO 3HE-
KpOBJIEHHsI BigOupanu remoinimQy, micius
YOro TBAPHH MpernapyBaiy i BHIy4alld re-
naronaHkpeac. s BUKIIOUCHHS BILUIUBY
TpEeMaToAHO1 1HBa3ii Ha JIOCHIJHKYBaHHH
MOKa3HUK BHKOPHUCTOBYBAJIM JIMIIEC HEIH-
Ba30BaHUX OCOOMH.
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tene. Samples of biological material were
homogenized at a ratio of 1:3, after which
the accompanying lipids were saponified
(10 N KOH, 70 °C) and the carotenoids
were extracted with hexane. The optical
density of the hexane fraction was deter-
mined at a wavelength of 450 nm, using
pure hexane as a blank. The calculation
was performed using the specific absorp-
tion coefficient of B-carotene E, ' =2500.
The content of carotenoids in the hepato-
pancreas and hemolymph was expressed
in mg/g of fresh weight, normalizing the
result to the weight of the corresponding
sample. A total of 800 biochemical deter-
minations were performed.

For statistical analysis of the results, the
Statistica 10.0 software package was used.
Given the structure of the experiment (the
influence of two independent variables: the
time factor and the toxicant concentration
factor), a two-way analysis of variance
(Two-way ANOVA) was applied. Com-
parative analysis of B-carotene content be-
tween the control and experimental groups
at different exposure times (2, 7, 14 and 21
days) was carried out using Post-hoc anal-
ysis using the Tukey HSD test. Differences
were considered statistically significant at
p < 0.05. Correlation analysis using Pear-
son’s correlation coefficient (r) was used
to assess the relationship between phe-
nol concentration, exposure duration, and
B-carotene content in the hepatopancreas
and hemolymph.

STUDY RESULTS
AND THEIR DISCUSSION

To assess the dynamics of B-caro-
tene content in the hepatopancreas and
hemolymph of L. stagnalis under condi-
tions of phenol intoxication, a two-factor
analysis of variance was used. A statistical-
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BMmicT KapOoTHHOIIB BH3HAYAIU CIICK-
TpOQOTOMETPUYHIM METOIOM Y Iiepepa-
XyHKY Ha [B-KapoTuH. 3pa3ku 0ioyioriv-
HOTO MaTepially TOMOTEHi3yBajld y CIHiB-
BiJTHOMIECHHI 1:3, TICIIA YOro MPOBOAMIH
oMmiIeHHs cymyTHix mimiais (10H KOH,
70°C) Tta ekcTparyBamu KapOTHHOIIH
rekcaHoM. ONTHYHY TYCTHHY TeKCaHOBOT
(dpakiii BU3HaYaIM 32 JIOBKWHH XBHITI 450
HM, BHKOPHCTOBYIOUH YHCTHH TEKCaH SIK
xonocTy mpoly. Po3zpaxyHOK mpoBommIH
3 BUKOPUCTAHHIM IHMTOMOTO KoedilieHTa
norMHanus B-xkaporuny E| "= 2500.
BMicT KapOTHHOINIB y renaronaHkpeaci Ta
reMolliM(pi BUpaKaIH y MI/T CHPOi MacH,
HOPMYIOYH PE3yJbTaT Ha Macy BiIMOBif-
HOT mpoOu. Ycboro BukoHaHo 800 Gioxi-
MIYHUX BU3HAYCHb.

JIs CTaTUCTUYHOTO aHaJi3y pe3ysbTa-
TiB BUKOPUCTOBYBAJIU MPOTPAMHUI MaKeT
«Statistica 10.0». 3 omsay Ha CTPYKTYPY
SKCIIEpUMEHTY (BIUTUB JIBOX HE3aJIeK-
HUX 3MIHHUX: (akTop 4Yacy Ta (paxTop
KOHIIEHTpAIil TOKCHKAaHTY), 3aCTOCOBa-
HO JBO(MAKTOPHHMHA JUCTICPCIHHUN aHaIi3
(Two-way ANOVA). IlopiBHsANbHUH aHa-
J1i3 BMICTY -KapOTHHY Mik KOHTPOJIBHOIO
Ta JOCIIAHUMU TPyHaMHU Yy Pi3HI TEPMiHU
excriosuttii (2, 7, 14 ta 21 no6a) 3xiiicHIO-
BaJIM 3 BHKOpUCTaHHsAM Post-hoc-anamnisy
3a kputepiem Trioki (Tukey HSD test).
CTaTUCTUYHO JOCTOBIPHHMHU  BBa)Kaju
BiMiHHOCTI 32 p < 0,05. J{yst oninkm B3a-
€MO3B’ 513Ky MIX KOHIIEHTpaIli€o (heHomy,
TPUBATICTIO E€KCIO3HMIIIi Ta BMICTOM [-Ka-
pOTHHY y TemnaromnaHkpeaci i remomiMi
3aCTOCOBAHO KOPEISAINHUK aHami3 i3 BH-
KOPHUCTaHHAM KoedinienTa kopensauii Iip-
coHa (r).

PE3YJIBTATHU JOCJIJIXEHb
TA IX OBIOBOPEHHS

Jns OLiHKKM JUHAMIKH BMICTY [-Kapo-
THHY B TelaTrolaHkpeaci Ta reMomimMdi L.
stagnalis 3a yMmOB (DEHOJIBHOT IHTOKCHKAITI1
3aCTOCOBAHO JBO(AKTOPHUI TUCTIepCiii-
HUI aHaii3. BCTaHOBIEHO CTaTUCTUYHO
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ly significant relationship between the fac-
tors “phenol concentration” and “exposure
duration” was found both in the hepatopa-
ncreas (F(12, 180) = 5.67; p < 0.001) and
in the hemolymph (F(12, 180) = 8.52; p <
0.001) of the studied mollusks (Fig. 1).

This indicates the phase and time-de-
pendent nature of changes in the studied
parameter, in which the effect of phenol
is determined by the combined effect of
its concentration and duration of expo-
sure. The results of the post hoc analysis
using the Tukey HSD test also confirmed
the presence of statistically significant dif-
ferences between individual experimental
variants (p < 0.05).

It was found that after 2 days of expo-
sure, the effect of phenol caused a decrease
in the content of B-carotene in the hepato-
pancreas of L. stagnalis, the severity of
which depended on the toxicant concentra-
tion (Fig. 2).

At the same time, the largest deviation
from control (by 42.4-46.8% (p < 0.001—
0.01)) was recorded under the action of
phenol at concentrations of 0.0005 and
0.005 mg/dm?*, which corresponded to 0.5
and 5 MPC.

The observed decrease in P-carotene

& 2days W 7days & i4days Sk 21 days

0.068
0.064
0.060
0056
0052
0.048
0044
0.040
0036
0032
0.028

g/ wer weight

0.024
0.020
0.016

0.012
0.008
0.004

A conrol 0.5 MPC 2 MPC 3 MPC 10 MPC

3HAYYIy B3a€MOJi0 (DaKTOpIB «KOHIICH-
Tpauis (peHOIy» Ta «TPUBANICTh EKCIO3HU-
mii» sk y remaronankpeaci (F(12, 180) =
5,67; p <0,001), Tak i B remomimi (F(12,
180) = 8,52; p < 0,001) mocimKyBaHUX
MoJTtocKiB (puc. 1).

e Bkazye Ha (a30BHi 1 YaCO3ATCIKHIHA
XapakTep 3MiH JOCHIHKYBAHOTO MOKa3HHU-
Ka, 3a SKOro e(eKT (PeHOIy BU3HAYAETHCS
CYKYIHOIO Ji€l0 HOro KOHLEHTpauii Ta
TPUBAIIOCTI €KCIO3uIlii. Pe3ynpratu amo-
CTEpIOPHOTO aHalizy 3a KpurepieM Thioki
(Tukey HSD) Takoxx MiATBEpAWIH HasB-
HICTh CTAQTUCTUYHO 3HAYYIIUX BiJIMiHHOC-
Tel MK OKpEMHMH BapiaHTaMH JIOCIILY
(p <0,05).

3’scoBaHoO, 10 BXKe depe3 2 00U eKc-
MO3HUILIT Al (PeHONTy BUKIIMKAJIA 3HUKEHHS
BMICTY B-KapOTHHY B TemnaroraHkpeaci L.
stagnalis, BUpa)KEHICTb SKOTO 3ajiexaia
BiJl KOHIICHTpAIlil TOKCUKaHTy (pHc. 2).

[Ipu 1upomMy HaiOLIbIIE BiIXUICHHS
BiJ KoHTpoOIO (Ha 42,4-46,8% (p < 0,001—
0,01)) 3adikcoBano 3a fii (heHOTY B KOH-
merrpamii 0,0005 ta 0,0050 mr/am?, 1o
Bignosigano 0,5 ta 5,0 TIK.

BusiBnieHe 3HIKEHHS BMICTY [-Kapo-
TUHY MOXeE BimoOpa)kaTh HOro MOXKIJIMBE
3aJy49eHHs 0 He(PEPMEHTATHUBHOI JIAHKH

& 2days W 7 days &= 14 days k21 days

0.030
0.028
0.026
0.024
0.022
0.020
0.018
0.016
0.014

g/ wet weight

0.012
0.010
0.008
0.006
0.004

0.002

0
B control

0.3 MPC  2MPC JMPC 10 MPC

Fig. 1. Relationships of the factors “phenol concentration” and “exposure du-
ration” on the content of B-carotene in Lymnaea stagnalis: A — hepatopancreas; B

— hemolymph

Note. Vertical bars correspond to the 95% confidence interval (95% CI).
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Fig. 2. Dynamics of the B-carotene content in the hepatopancreas of Lymnaea
stagnalis under the effect of different phenol concentrations (M + SE; n =10): A -2
days; B —7 days; C — 14 days; D — 21 days; * — p <0.05; ** —p <0.01; *** — p <0.001
compared with the control (Tukey HSD test)

content may reflect its possible involve-
ment in the non-enzymatic link of antiox-
idant defense at the initial stage of toxic
exposure. According to modern ideas, phe-
nol is capable of inducing the formation
of reactive oxygen species, therefore, the
decrease in f-carotene content is probably
associated with its use in the processes of
neutralizing prooxidants and maintaining
the structural and functional integrity of
cell membranes. A similar decrease in the
content of low molecular weight antioxi-
dants is associated in the literature with
the initial stages of the development of
prooxidant-antioxidant imbalance [13, 14,
21]. A similar pattern has been described
in the freshwater gastropod Pomacea can-
aliculata, in which the development of
oxidative imbalance under the influence

AHTUOKCUIAHTHOTO 3aXHCTy Ha MOYATKO-
BOMY €Tarli TOKCHYHOTO BIUTUBY. 3TiHO 13
CYJacCHUMH YSIBJICHHSIMH, (DEHON 3MaTHUI
IHJIYKyBaTH YTBOPCHHS aKTHBHHUX (opm
KHCHIO, TOMY 3MCHIICHHA BMICTy [3-Ka-
pOTHHY, HMOBIpHO, TOB’s3aHe 3 HOTrO BU-
KOPUCTAaHHSAM Yy Mpolecax HeWTpanizarii
MIPOOKCHJIAHTIB 1 MiATPUMAHHS CTPYKTYp-
HO-(YHKIIOHAJIBHOT IITICHOCTI KJITHH-
HUX MeMOpaH. [1ogi0OHe 3HUKEHHS BMICTY
HU3BKOMOJICKYJISIPHUX aHTHOKCHIIAHTIB Y
JiTeparypi TOB’S3yHOTh 13 MOYATKOBUMH
eTaraMu PO3BUTKY MPOOKCHUIAHTHO-aH-
THOKCHJIAHTHOTO jaucOanancy [13, 14,
21]. IloniOHy 3aKOHOMIPHICTH OMHCAHO Y
MPiCHOBOIHOTO YEPEBOHOTOTO MOITIOCKA
Pomacea canaliculata, y sixoro 3a nii Hee-
CCHIIIaTbHUX €JIEMEHTIB PO3BHTOK OKHC-
HOTo JiucOallaHCy CyNpOBOPKYBAaBCS CIIO-
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of non-essential elements was accompa-
nied by the consumption of B-carotene as
a component of non-enzymatic antioxidant
protection [26].

At the same time, under the action of
phenol at concentrations corresponding to
2 and 10 MPC, no statistically significant
changes in the content of B-carotene were
detected compared to the control, which
may indicate a change in the nature of
the organism’s reaction depending on the
toxicant concentration. The lack of pro-
portional enhancement of the effect with
increasing phenol concentration indicates
a non-monotonic nature of the response of
the carotenoid system to toxic load.

Presumably, this pattern may be due to
a change in the ratio between the processes
of utilization and recovery of B-carotene at
different intensities of toxic effects [27].

When the exposure duration increased
to 7 days, a further decrease in -carotene
content by 32.2% (p < 0.01) was recorded
under the effect of a subthreshold phenol
concentration, however, increasing the dose
load to the level of 2—10 MPC did not cause
statistically significant differences between
the samples. Such dynamics may indicate a
partial stabilization of the parameter in indi-
vidual experimental groups, while differenc-
es between experimental variants indicate a
dependence of the reaction on the level of
toxic load. In addition, the restoration of the
parameter to the control level after its initial
decrease under the action of phenol at a con-
centration of 0.005 mg/dm’, on the one hand,
may indicate a temporary stabilization of the
carotenoid pool and compensatory changes,
and on the other hand, indicates a change in
the body’s metabolic response compared to
the initial stage of intoxication.

The turning point of the experiment
was the 14-day exposure of animals to
a poisoned environment, during which
no statistically significant differences in
B-carotene content in most experimental
groups were found compared to the con-

KUBAaHHSIM [}-KapOTHHY SIK KOMIIOHEHTa
HE(PEPMEHTATUBHOTO AHTHOKCHIAHTHOI'O
3axucty [26].

Bonnouac, npu nii ¢eHomy 3a piBHIB
KOHIIEHTpaIlii, mo BignoBizamu 2 Ta 10
I'JIK, cTaTuCTHYHO 3HAYYIMIMX 3MiH BMicC-
Ty P-KapOTHHY IOPIBHSHO 3 KOHTPOJIEM HE
BUSIBIICHO, 1[0 MOXKE CBITYUTH PO 3MiHY
XapakTepy peakilii opraHizMy 3aJeKHO BiJI
KOHIIEHTpallli TOKCHKaHTy. BincyTHIicTh
MIPOTIOPIIIHOTO TIOCHJICHHS e(eKTy 3i
301IbIIEHHSIM KOHIIEHTpallii (eHoIy CBif-
YHUTH PO HEMOHOTOHHHH XapakTep BifImo-
BiJli KAPOTHUHOIMHOI CUCTEMH Ha TOKCHYHE
HaBaHTaKCHHSI.

IMOBiIpHO, Taka 3aKOHOMIPHICTb MOXeE
OyTH 3yMOBJICHA 3MIHOIO CITIBBIJHOIICHHS
MK TIpOLleCaMH BUKOPUCTAHHSI Ta BiJJHOB-
JIEHHsI B-KapOTUHY 3a Pi3HOT IHTEHCHBHOC-
Ti TOKCUYHOTO BILIHBY [27].

[Ipu 30imbIIeHH] TPUBAIOCTI EKCIO-
3uwii 10 7 Ai0 3apeecTpoBaHO MOJAJIbIIE
3MEHIIICHHS BMICTy [-kKapotuny Ha 32,2%
(» < 0,01) 3a gii mOMOPOroBOi KOHIIEH-
Tpatii (eHomy, npore 30UTBIICHHS 030~
BOrO HaBaHTaxeHHs a0 piBHA 2—-10 IIK
HE BHUKIHKAIO CTATHCTUYHO JIOCTOBIip-
HUX BIIMIHHOCTeH Mix BuOipkamu. Taka
JIMHAMIKA MOXE CBIIYUTH TIPO YaCTKOBY
cTabumizalio MoKa3HWKa B OKPEMHUX JI0-
CIIJTHUX TPyMax, TO/i SK BIIMIHHOCTI MiX
BapiaHTaMU JIOCIIiy BKa3ylOTh Ha 3aJIeXK-
HICTh peakilii BiJl piBHSI TOKCHYHOTO Ha-
BaHTaXeHHs. OKpiM IbOTO, BiTHOBJICHHS
MMOKa3HUKA JI0 KOHTPOJIBHOTO PIBHS MIiCIIS
HOro 1oYaTKOBOTO 3HMKEHHS 3a [T (eHo-
ny B KoHnenTparii 0,0050 mMr/am?, 3 omHO-
ro OOKy, MOXE CBIIYHUTH PO THMYACOBY
cTabuTi3aIliio KapoOTHHOIAHOTO TIyly Ta
KOMITEHCATOPH1 3MiHH, a 3 1HIIIOTO — BKa-
3y€ Ha 3MiHy MeTa0OIiuHOI BiIIOBIJII Op-
raHi3My MOPIBHIHO 3 MOYaTKOBUM €TarloM
IHTOKCHKAITIi.

[epennoMHUM €TarOM EKCIICPUMEHTY
crana 14-mo0oBa €KCHO3WINS TBapuH Y
3aTPyEHOMY CEPEIOBHIL, 3a AKOI y Oijib-
IIOCTI JIOCHITHUX TPYI CTATUCTUYHO 3Ha-
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trol, and a tendency to its increase was ob-
served in some cases. The largest deviation
was recorded under the action of phenol at
a concentration of 0.005 mg/dm?* (5 MPC),
at which the B-carotene content exceeded
the control by 37.6% (p < 0.05). Such dy-
namics may indicate a transition from the
initial stress response to the compensato-
ry-adaptive phase. Such restoration, and
in some cases exceeding the control level
of antioxidant components, is considered
as one of the possible manifestations of
adaptive restructuring during chronic toxic
exposure and is discussed in the context of
non-monotonic dose-time responses char-
acteristic of hormetic effects [27].

When increasing the dose load of phe-
nol to 0.01 mg/dm’, no statistically sig-
nificant differences from the control were
found. The changes obtained may be asso-
ciated with different intensity of B-carotene
involvement in metabolic and protective
processes at different stages of exposure,
in which at the initial stage of intoxication,
the use of B-carotene in protective reac-
tions probably prevailed, and after 14 days
of exposure, a tendency was observed to
restore its content, and in some groups — an
increase in values relative to the control.

With an increase in the time spent by
the studied animals in the poisoned en-
vironment up to 21 days, an increase in
the content of B-carotene was observed
in the vast majority of experimental vari-
ants. Thus, under the influence of phenol
in the concentration range of 0.002-0.01
mg/dm’, an increase by 31.2-51.5% (p <
0.01-0.05) was recorded, which may be
associated with the adaptive response of
the body to prolonged toxic load and, in
particular, with changes in carotenoid me-
tabolism. One possible explanation for this
increase is a change in the intensity of en-
zymatic biotransformation of B-carotene in
the hepatopancreas, an organ involved in
digestion, metabolism, and nutrient depo-
sition in mollusks. It is known that diox-

YyIUX BIIMIHHOCTEH BMICTY [-KapOTHHY
MOPIBHSHO 3 KOHTPOJIEM HE BUSIBJICHO, a B
OKpEeMHX BHITQIKaX CIIOCTepiramacst TEH-
JIeHIIist 710 Horo mijgBuieHHs. HaiiOinbire
BIJIXMJICHHS 3apEECTPOBAHO 32 Jii (heHOTy
y konrenrpaiii 0,0050 mr/nm® (5 TIK),
3a SIKOT BMICT P-KapOTHHY I€PCBHIIYyBaB
KoHTposbHUH Ha 37,6% (p < 0,05). Taka
JIMHAMIKa MOYKE CBIJTYUTH TPO TIEPEXiJl BiJ
[IOYaTKOBO1 CTPECOBOT BIAIMOBIAI 0 KOM-
MeHCcaTopHO-aIanTamiiaol ¢asu. [lomio-
HE BIJHOBJICHHSI, @ B OKPEMHX BHIAIKaX i
TICPEBUIICHHST KOHTPOJIHFHOTO PIiBHS aHTH-
OKCUJIaHTHUX KOMIIOHCHTIB, PO3IISIAI0Th
SIK OJTUH 13 MOXKITUBUX TIPOSIBIB aJalITHBHOT
nepeOyIoBA 32 XPOHIYHOTO TOKCHYHO-
rO BIUTUBY Ta OOTOBOPIOIOTH y KOHTEKCTI
HEMOHOTOHHHX [[030-YaCOBHX pEaKIli,
XapaKTepHUX IS TOPMETUYHUX e(]eKTiB
[27].

[Ipu 30inbIoICHHI J030BOTO HaBaHTa-
xenust perosom mo 0,0100 mr/mm*® cra-
THCTUYHO JOCTOBIPHUX BIJIMIHHOCTEH BiJI
KOHTPOJIO He BcTaHoBIeHO. OTpuMaHi
3MiHA MOXYTh OyTH TIOB’s13aHI 3 Pi3HOIO
IHTCHCHUBHICTIO 3allydeHHS [(-KapoTHHY
JIO METaOOJIIYHMX 1 3aXUCHUX TIPOIIECIB HA
PI3HUX eTarax eKCIIO3HIlii, 3a sIKOI Ha TOo-
YaTKOBOMY €Talll 1HTOKCHKaIlii, IMOBIPHO,
MePEBAYKAI0O BUKOPUCTAHHS B-KapOTHUHY B
3aXUCHHX PEaKIlisx, a micis 14 116 excrio-
3uLii crocTepiranacs TEHICHIIs 10 Bif-
HOBJICHHS HOTO BMICTY, @ B OKPEMHUX TpY-
nax — 301JIbIIEHHS ITOKA3HUKIB BIJHOCHO
KOHTPOJIIO.

ITpn 306inbiieHHi uyacy nepeOyBaHHS
TMOCTIUKYBaHUX TBapuH y 3aTPyECHOMY
cepenoBuii 10 21 106u BiaMiueHO 3011b-
IICHHS BMICTY [-KapoTHHY y TepeBax-
Hill Oimbmrocti BapiaHTiB gochiny. Tak,
3a nmii (eHoNy y JIiana3oHi KOHIICHTpa-
i 0,0020-0,0100 wmr/am® 3adikcoBaHo
3pocTaHHs noka3Huka Ha 31,2-51,5% (p
< 0,01-0,05), mo moxxe OyTH IOB’s3aHE
3 aJalTUBHOIO BIAMOBIJJIIO OpraHi3my
Ha TpHUBAJe TOKCUYHC HABAHTA)KCHHS Ta,
30KpeMa, 31 3MiHAMH MeTaboIIi3My Kapo-
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ygenase enzymes play an important role
in the metabolism of PB-carotene, which
catalyze its oxidative cleavage with the
formation of retinoids [28]. Therefore,
it can be assumed that under conditions
of prolonged toxic exposure to phenol, a
change in the activity of these enzymes
may be accompanied by a slowdown in the
biotransformation of B-carotene and, ac-
cordingly, its accumulation in the hepato-
pancreas. A likely concomitant mechanism
is the development of oxidative stress, de-
scribed under the action of phenol and oth-
er toxicants in aquatic organisms [18, 20].
In particular, in L. stagnalis, under the ac-
tion of tebuconazole, a time- and concen-
tration-dependent increase in the levels of
reactive oxygen species and malondialde-
hyde was found against the background of
a decrease in the total antioxidant capacity,
which indicates a violation of the prooxi-
dant-antioxidant balance [29]. Under such
conditions, B-carotene, as a lipophilic anti-
oxidant, is likely involved in neutralizing
reactive oxygen species and maintaining
the structural integrity of biomembranes,
and its increased content in the hepatopan-
creas may reflect an enhanced antioxidant
response of the organism.

Unlike the hepatopancreas, in which
a consistent change in B-carotene content
was observed — from initial depletion to
subsequent recovery and increase in the
level, the hemolymph was characterized
by a more variable response, which is
probably due to the functional features of
the hemolymph, which provides transport
of metabolites between organs, while the
hepatopancreas is the main site of depo-
sition and metabolism of carotenoids [4].
Such variability in hemolymph values
clearly reflects its sensitivity to current
systemic changes in the body depending
on the combination of concentration and
time factors.

At the initial stage of the experiment
(exposure — 2 days), a decrease in the

THHOIAIB. OIHUM 13 MOXJIMBUX IIOSICHEHD
TaKoro TMiJABHILIEHHS € 3MiHA 1HTEHCHUB-
HOCTI (pepMeHTaTHBHOT OioTpaHCchopmaItii
B-xapoTuHy B remaromnaHkpeaci — oprati,
o Oepe ydacTh y TpaBJIeHHI, MeTa0oi3-
Mi Ta JCTIOHYBaHHI MOXUBHUX PEUOBUH
Yy MOJIFOCKIB. BiJloMO, 10 Ba)KJIMBY POJIb
y MeTa0omi3Mi [-KapoTHHY BiAirparoTh
(hepMeHTH JTIOKCHTeHA3H, K1 KaTaji3yloTh
HOro OKHCHE PO3ILICTUICHHS 3 YTBOPECHHSIM
petuHOINIB [28]. ToMy MOXHA TIPUITYCTH-
TH, IO 332 YMOB TPUBAJIOTO TOKCHYHOIO
BIUTMBY (PCHOJIy 3MiHa aKTUBHOCTI IHX
(bepMEeHTIB MOXe CYIPOBOKYBATHCS YIIO-
BUTbHEHHSIM OioTpaHcopmarrii B-kapoTH-
Hy Ta, BiJIOBIiJHO, HOr0 HAKOMUYCHHIM
y TernaTonaHkpeaci. IMOBIpHUM CyIyTHIM
MEXaHi3MOM € PO3BUTOK OKCHIATUBHOIO
cTpecy, OIMCcaHuii 3a Jii peHoITy Ta THIINUX
TOKCHKAHTIB y BOJHUX opraHizmis [18, 20].
3okpema, y L. stagnalis 3a 1ii TeOykoHa30-
JIy BCTAHOBJICHO YacoO- Ta KOHIIGHTpAIlili-
HO3QJIC)KHE TIBUICHHS PIBHIB aKTHBHUX
(hOopM KHCHIO Ta MAJIOHOBOTO JialIbIeTiay
Ha TN 3HIDKCHHS 3arajbHOi AHTHOKCH-
AHTHOI €MHOCTI, IO CBIMYHUTH PO MOPY-
IIEHHS TTPOOKCHIaHTHO-aHTHOKCHIAHTHOL
piBHOBaru [29]. 3a Takux yMOB B-KapOTUH
SIK JIITO(UTBHUN aHTHOKCHJIAHT, IMOBIPHO,
3aJydaeTbesl A0 HeWTpamizauii akTHBHUX
(hOopM KHCHIO Ta MiJITPUMAaHHS CTPYKTYp-
HOT LTICHOCTI OioMeMOpaH, a Horo MiaBu-
IICHUW BMICT y remnarornaHkpeaci Moxe Bi-
OOpaXkaTy MOCHJICHHS aHTHOKCUIAHTHOL
BIJIMIOBI1JIi OpPTaHI3MYy.

Ha BigMiHy Bim remaTtomaHkpeacy, B
SIKOMY TIPOCTEXYBajacs MOCIiJOBHA 3Mi-
Ha BMICTy B-KapOTUHY — BijJ MOYaTKOBO-
TO BHCHQ)XCHHS JO TONANBIIOTO BiTHOB-
JIEHHS. 1 TMiABUIICHHS PiBHSA, remMoiiMda
XapaKkTepu3yBajiacsi OUTbII BapiabeIbHOO
BiJIMOBIJIIIO, 110, KMOBIPHO, TIOB’SI3aHO 3
(YHKIIOHATEHUME O0COOJIHBOCTSIMH T€MO-
nimbu, sika 3a0e3nedye TpaHCIOPT MeTa-
OOJIITIB MiXK OpraHaMU, TOJII SIK OCHOBHUM
MICIIEM JICTIOHYBaHHA Ta MeTadomi3My
KapOTHHOIIB € Tenaronankpeac [4]. Taka

163

ISSN-L 2075-1508 FISHERIES SCIENCE OF UKRAINE ¢ Ne 3/2026




DYNAMICS OF B-CAROTENE CONTENT IN THE HEMOLYMPH AND HEPATOPANCREAS
OF LYMNAEA STAGNALIS (LINNAEUS, 1758) UNDER CHRONIC PHENOL EXPOSURE

content of P-carotene was observed in
the hemolymph of L. stagnalis at all test-
ed phenol concentrations compared to the
control (Fig. 3)

Under the effect of low concentrations
(0.5 and 2 MPC), the content of B-caro-
tene decreased by 24.01-32.04%, howev-
er, these changes had a trend character (p
> 0.05), while increasing the dose load of
phenol to the level of 5 and 10 MPC was
accompanied by a statistically significant
decrease by 39.11 and 41.94%, respec-
tively (p < 0.05). The detected changes
may reflect an early rearrangement of the
systemic distribution of carotenoids in re-
sponse to the toxic effects of phenol and
are probably associated with changes in
their metabolism, deposition and redistri-
bution in the mollusk body [4, 17].

With an increase in the duration of ex-
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3HIDKEHHS BMICTy [(-KapOTHHY MOPIBHSHO
3 KoHTposeMm (puc. 3).

3a nii HU3BKHUX PIBHIB KOHIIEHTpALii
(0,5 ta 2,0 I'/IK) BMicT B-KapOTHHY 3HH-
xKyBaBcs Ha 24,01-32,04%, ogHak 1i 3mi-
HU MaJH Xapakrep TeHaeHmii (p > 0,05),
TOJI K TIJBUIICHHS JI030BOTO HaBaHTa-
)eHHs ¢peHosom Jo piHs 5,0 Ta 10,0 [JIK
CYNPOBOIKYBAJIOCSA CTaTUCTHYHO JIOCTO-
BIpHUM 3HIDKCHHSIM IOKa3HHKa Ha 39,11
ta 41,94% BianosigHo (p < 0,05). Bussie-
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Fig. 3. Dynamics of the B-carotene content in the hemolymph of Lymnaea stagna-
lis under the effect of different phenol concentrations (M = SE; n = 10): A — 2 days;
B — 7 days; C — 14 days; D — 21 days; * — p < 0.05; ** — p < 0.01; *** — p < 0.001
compared with the control (Tukey HSD test)
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posure to 7 days, the nature of the metabol-
ic response changed, since under the action
of phenol at concentrations of 0.0005 mg/
dm® and 0.005 mg/dm?, a decrease by
34.96-61.47% (p < 0.01-0.05) was re-
corded. At the same time, the effect of the
toxicant at a concentration of 0.01 mg/dm®
was accompanied by a statistically signif-
icant increase in the content of -carotene
by 15.55% (p < 0.01), while at a phenol
concentration of 0.002 mg/dm?® there was a
tendency to increase by 24.75% compared
to the control (p > 0.05).

Presumably, such an increase may be
a consequence of increased intertissue
transport of carotenoids or changes in the
characteristics of their metabolism under
conditions of more intense toxic load. It
cannot be ruled out that at high concen-
trations of phenol, there is a disruption of
the structural and functional state of cell
membranes, which may contribute to the
redistribution of carotenoids between tis-
sues and hemolymph [17, 21].

On the 14th day of exposure, the effect
of phenol at concentrations of 0.0005—
0.005 mg/dm?® caused an increase in the
content of B-carotene in the hemolymph of
L. stagnalis by 33.58-69.65% (p < 0.01-
0.05) compared to the control. An excep-
tion to the general dynamics was the ten-
dency to decrease the carotenoid content
(by 15.49%), recorded under the influence
of the maximum phenol concentration
used in the study (10 MPC). During the
longest exposure (21 days), the content of
B-carotene in the hemolymph of mollusks
increased by 15.83-46.95% compared to
the control. A statistically significant in-
crease was found under the influence of
phenol at concentrations of 0.0005-0.005
mg/dm?®, while at a concentration of 0.01
mg/dm? only a tendency to its increase was
observed. Such dynamics may indicate the
participation of hemolymph in maintaining
systemic carotenoid homeostasis, which is
consistent with its transport function [30].

HI 3MiHU MOXXYTh BiJIoOpayKaT paHHIO Tie-
peOyI0BY CUCTEMHOTO PO3MOALTY KapoTH-
HOINIB Y BIJIMOBI/Ib HA TOKCHYHHUI BIUIUB
¢enomy Ta, HMOBIpHO, OB sI3aHi 31 3MiHa-
MH IXHBOT'O METa0O0IIi3MYy, ICTIOHYBaHHS Ta
Mepepo3noIiay B OpraHi3mi MOJIOCKIB [4,
17].

3a 301IbIICHHS TPUBAJIOCTI EKCIO3MIIIT
110 7 1ib xapakTep MeTaboIIgHOI BIAMTOBI I
3MiHIOBaBCs, ajke 3a Jii (eHomy y KOH-
menrparii 0,0005 mr/om® ta 0,0050 mr/mm®
3a(ikcoBaHO 3HMKEHHS TIOKAa3HUKIB Ha
34,96-61,47% (p < 0,01-0,05). BomHouac,
BILJIMB TOKCHKAHTY B KOHIeHTpamii 0,0100
MI/AM?  CyNpOBOKYBABCS CTATHCTHYHO
JIOCTOBIPHUM 301BIICHHSIM BMICTy [3-Ka-
poruny Ha 15,55% (p < 0,01), Tomi six 3a
koHreHTpaiii gpexony 0,0020 mr/am* cro-
crepiranacsi TCHJEHINS JIO IiJIBHINCHHS
LbOTO MOKa3HUKa Ha 24,75% MOpiBHAHO 3
koHTpoIseM (p > 0,05).

ImMoBipHO, Take 3poCTaHHS MOXxe OyTu
HACTIJKOM TIOCHJICHHS MDKTKaHUHHOTO
TPAHCIIOPTY KapOTHHOIAIB abo 3MiHM OCO-
OMBOCTEH X MeTa0OJi3My 32 YMOB 1HTCH-
CI/IBHiLHOFO TOKCHUYHOI'0 HaBaHTa)keHHs. He
MO’KHA TaKO)K BHKJIFOUATH, IIIO 38 BHCOKHX
PiBHIB KOHLIEHTpALi] (eHOIy BiOyBa€eThCS
MOPYIICHHST CTPYKTYPHO-(PYHKIIOHATBHO-
ro CTaHy KJIITHMHHHUX MeMOpaH, SIKe MOXe
CHPUSITH TIEPEPO3MOITY KAPOTHHOIIIB MK
TKaHMHamMH Ta remomimdoro [17, 21].

Ha 14 no0y excrosuitii aist ¢peHONMy y
kourertparii 0,0005-0,0050 mr/am® Bu-
KJIMKaia 30UTbIICHHS BMICTY [-KapOTHHY
y remonimi L. stagnalis na 33,58-69,65%
(» < 0,01-0,05) MOPIBHSIHO 3 KOHTPOJIEM.
BunsaToK 13 3arajJpHOT JUHAMIKHA CTAaHOBH-
JIa TEHJICHITIS IO 3MEHIIICHHS BMICTYy Kapo-
tuHoiny (Ha 15,49%), 3adikcoBana 3a mii
MAKCUMAaJbHOI BHKOPUCTAHOI HAMH KOH-
nenrpauii ¢penony (10 IIK). 3a naittpu-
Bajimoi ekcrio3uiii (21 mo6a) Bmict P-ka-
POTHHY B reMoJIiM(]i MOTIOCKIB 301bIIy-
BaBcs Ha 15,83—46,95% BIHOCHO KOHTp-
omto. CTaTUCTUYHO 3HAYYIIE TiABUIICHHS
MOKa3HMKA BCTAHOBJICHO 3a JIii QeHoNy Y
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Since the two-factor analysis of vari-
ance showed that the duration of exposure
is one of the determining factors in the
change in B-carotene content, a correlation
analysis was conducted to quantitatively
assess this effect. A statistically signifi-
cant positive correlation was established
between the duration of exposure and the
content of B-carotene in the hepatopancre-
as and hemolymph of L. stagnalis. At the
same time, this relationship in the hepato-
pancreas had a moderate strength (»=0.31;
p <0.05), while it was more pronounced in
the hemolymph (= 0.56; p < 0.05). At the
same time, correlation analysis showed a
weak positive statistically significant rela-
tionship between phenol concentration and
B-carotene content in the hepatopancreas
(r = 0.15; p < 0.05), while no significant
correlation was found in the hemolymph (»
=-0.05; p > 0.05). The results obtained do
not indicate the presence of a simple lin-
ear dependence of the “dose—effect” type,
which may be associated with the deter-
mining effect of the duration of exposure
and the development of compensatory and
adaptive reactions [16, 27, 31].

It should also be taken into account that
the content of carotenoids in the body of
mollusks may depend on their intake with
food. In this study, all experimental groups
were maintained on the same feeding reg-
imen (macerated cabbage leaves), which
minimized the influence of this factor on
intergroup differences, but does not allow
us to completely exclude its possible con-
tribution to the temporal dynamics of the
studied indicator.

Thus, a comparative analysis of the
temporal dynamics of B-carotene con-
tent showed that the hepatopancreas and
hemolymph differ not only in magnitude,
but also in the nature of the response to
the action of phenol. In the hepatopancre-
as, a consistent change in the dynamics of
B-carotene was observed — from its initial
decrease to a further increase in its content,

xourentpartii 0,0005-0,0050 mr/om®, Tomi
sk 3a 0,0100 mr/nam® ciocTepiranacs uiie
TEHIEHIIs N0 Woro 30iuipmenHs. Taka au-
HaMika MOXKE CBIJJYUTH IIPO Y4acTb reMo-
TiMpu y TATPUMAaHHI CHCTEMHOTO Kapo-
TUHOIHOTO TOMEOCTa3Yy, 10 y3TOXKY€ETh-
¢4 3 11 TpancnioptHOO dyHKIie [30].

OCKUIbKM TIPOBEACHUN TBO(PAKTOPHUN
JUCTICPCIHUN aHai3 IMOKa3aB, 10 TPHBa-
JIICTH €KCITO3UIIT € OMHUM 13 BU3HAYAILHUX
YUHHUKIB 3MIHH BMICTY [-KapOTHHY, JUIS
KUIBKICHOT OIIHKK IBOTO €(EeKTy MpoBe-
JICHO Kopeysiiiauid aHami3. BcraHosie-
HO CTaTUCTHYHO 3HAYYIIMH NO3UTHBHHI
KOPETSIIWHUA 3B’S130K MDK TPUBAIICTIO
eKCHO3uIlii Ta BMICTOM [B-KapOTHHY Y Te-
naronaHkpeaci i remomimdi L. stagnalis.
ITpu mpoMy y remaromaHkpeaci et 3B s-
30K MaB TiomipHy cuy (= 0,31; p <0,05),
ToAl SK y reMonimdi OyB BUpakeHIuM (r
=0,56; p <0,05). BogHouac, KopensmiiHui
aHaJli3 BUSBUB CIA0KWi MMO3UTUBHUI CTa-
TUCTHUYHO 3HATYIHN 3B 130K MK KOHIICH-
Tpari€io (eHOITy Ta BMICTOM [-KapoOTHHY Y
renaronankpeaci (» = 0,15; p < 0,05), Tomi
SK y reMoiiM(i TOCTOBIpPHOI KOpEALil He
BusiBiieHo (r = —0,05; p > 0,05). Orpuma-
Hi pe3y/bTaTd He BKa3ylOTh Ha HAasBHICTh
MIPOCTOT JIIHIHHOT 3aJIeKHOCTI THITY «103a
— edeKTy, 10 Moxe OyTH MOB’SI3aHO 3 BH-
3HaYaJbHUM BIUIMBOM TPHBAJIOCTI E€KCIIO-
3UIiT Ta PO3BUTKOM KOMIIEHCATOPHO-a/1all-
TaIiHNX peakiiit [16, 27, 31].

Cnig TakoX BpPaxoBYBaTH, IO BMICT
KapOTHHOIIB B OPTraHi3Mi MOJIFOCKIB MOXE
3ajIeXKaTu BiJ| iX HaJXO/DKEHHS 3 KOPMOM.
VY oMy JOCIIDKEHHI BCl €KCIepUMEH-
TaJIbHI TPYIH YTPUMYBAJIHCS 3a OIHAKO-
BOTO PEKUMY TOJIBII (JIUCTS MallepoBaHOi
KaIyCTH), 110 MiHIMi3yBaJO BIUIUB I[bOTO
YUHHAKA Ha MDKTPYIOBI BIJMIHHOCTI,
MPOTE HE J]a€ 3MOTH MMOBHICTIO BUKITIOUUTH
HAOro MOXKITMBUI BHECOK Y YaCOBY JIMHAMI-
Ky JIOCIIIJDKYBaHOTO TIOKa3HHUKA.

TakuM YWUHOM, TOPIBHSJIBHUN aHAII3
94acoBOT TUHAMIKU BMICTY B-KapOTHHY I10-
Ka3aB, IO TemaroraHkpeac 1 remoiiMda
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while in the hemolymph, the changes were
more variable and were characterized by
short-term fluctuations of the indicator at
intermediate stages of the experiment. Such
differences are probably due to the func-
tional specialization of the studied tissues
of the body, since the hepatopancreas per-
forms metabolic, depositional and detox-
ification functions, while the hemolymph
provides transport of substances between
organs and tissues [3]. The results obtained
indicate the tissue-specific nature of the
restructuring of carotenoid metabolism
under conditions of chronic phenol intoxi-
cation and confirm the decisive importance
of the duration of exposure in the develop-
ment of this response.

CONCLUSION AND
PERSPECTIVES OF FURTHER
DEVELOPMENT

It was established that chronic expo-
sure to phenol at the studied concentration
range of 0.0005-0.01 mg/dm® caused pro-
nounced tissue-specific and time-depend-
ent changes in the content of B-carotene in
the body of L. stagnalis. Two-factor anal-
ysis of variance confirmed a statistically
significant relationship between the fac-
tors of phenol concentration and duration
of exposure (p < 0.001), which indicates
the phase nature of the restructuring of ca-
rotenoid metabolism under conditions of
chronic phenol intoxication.

Differences in the nature of the meta-
bolic response of the studied tissues (or-
gans) to the action of phenol were estab-
lished. In the hepatopancreas, the dynam-
ics of PB-carotene was characterized by a
consistent transition from initial depletion
of its pool to subsequent accumulation

BIJIPI3HSIOTHCS HE JIMIIEC BEIMYHHOIO, a |
XapaKkTepoM BIATMOBiMI Ha Jit0 peHomy. Y
reraTonaHkKpeaci mMpoCTEeKyBalacs MOCi-
JIOBHA 3MiHa JMHAMIKU B-KapOTHHY — Bij
HOTr0 TIOYaTKOBOTO 3HM)KEHHS IO TTOJAlTh-
IOTO MiJIBUIICHHS BMICTY, TOAI K y Te-
MoJiM@i 3MiHU Oynu BapiaOeTbHIITUMH
Ta XapaKTepPHU3yBaJIHCS KOPOTKOYACHUMHU
KOJIMBAaHHAMH TIOKA3HUKA Ha MPOMIXHUX
eTamax eKCIepuMeHTy. Taki BiAMIHHOCTI,
WMOBIpHO, 3yMOBJICHI (YHKIIIOHAIHHOIO
CreIiani3aliel0  JOCHIUKEHUX TKaHWH
OpraHi3My, aJyke TemaTolaHKpeac BHUKO-
Hy€e MeTabONiYHy, JCHOHYBAIbHY Ta Jie-
TOKCHKAIIWHY (PYHKIIT, TOMI SIK TeMOJIiM-
(a 3abesrnedye TpaHCIOPT PEUOBHH MIiXK
opranamMu 1 TkanmHamu [30]. Otpumani
pe3ynpTaTH CBiMYaTh MPO TKAHHHOCIIE-
nuGIYHANA XapakTep nepeOyI0BH KapoTH-
HOiJJHOTO OOMiHYy 3a YMOB XPOHIUHOI (he-
HOJILHOI 1HTOKCHKAIlii Ta IiITBEPIKYIOTh
BU3HAYAIBHY POJIb TPUBAIOCTI EKCIIO3UIIIT
y popMyBaHHI Ii€T BIAMOBIII.

BUCHOBKU TA NEPCIIEKTUBHU
MHOJAJBIIOTO PO3BUTKY

BceranoBneHo, 10 XpOHIYHUI BIUIMB
(deHoy y IOCHiPKEHOMY Jliara3oHi KOH-
uenrpanii  (0,0005-0,0100 wmr/am®) 3y-
MOBITIOE€ BUPXKCHI TKaHWHOCTICIU(IIHI
Ta 4aco3aJeKHi 3MiHU BMICTY PB-KapOTUHY
B opraHisMmi L. stagnalis. JIBohakTopHUiA
JIUCTIEPCIMHMIA aHaMi3 MiJTBEPIUB CTa-
THCTUYHO 3HAYYIIYy B3a€EMOJII0 (aKTOpiB
KOHLIEHTpalii (eHolly Ta TPUBAJIOCTI EKC-
no3utii (p < 0,001), mo cBiguuTh TIpO Pa-
30BUIl XapakTep nepedynoBU KapOTHHOI-
HOro OOMiHY 32 YMOB XpOHIUHOI (heHOIb-
HOT IHTOKCHKAILIii.

BcraHoBneHO BiJIMIHHOCTI y Xapakre-
pl MeTaboiyHOl BiAMOBII JTOCTIKEHUX
TKaHUH (OpraHiB) Ha Jir0 GpeHory. Y remna-
TOIAaHKpeaci JUHaMiKa [3-KapoTHHY Xapak-
Tepu3yBajacs MOCTIIOBHUM IIEPEXOI0OM
BiJl IOYATKOBOTO BHCHA)KCHHSI WOTO IMYITy
JI0 TIOIAJBIIOT0 HAKOIMYEHHS 3a TPHBa-
7101 eKCTO3UIi1, TOAIL SIK y reMoiM(pi 3MiHH
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with prolonged exposure, while in the
hemolymph, changes were more variable
and reflected its transport function in ca-
rotenoid metabolism. Correlation analysis
confirmed a statistically significant posi-
tive relationship between the duration of
exposure and the content of B-carotene
in both the hepatopancreas (» = 0.31; p <
0.05) and hemolymph (» = 0.56; p < 0.05),
which indicates the determining role of the
duration of exposure in the formation of
the adaptive response of the mollusk body.

The results obtained expand current
understanding of the pecularities of carot-
enoid metabolism restructuring under con-
ditions of phenolic intoxication and sub-
stantiate the feasibility of using B-carotene
as a potential biochemical marker of suble-
thal toxic load under controlled conditions
during ecotoxicological monitoring of
freshwater ecosystems. Given the impor-
tant role of L. stagnalis in the functioning
of aquatic ecosystems and the formation of
the food base of many fish species, early
detection of carotenoid metabolism disor-
ders can be used to assess the ecological
state and biological productivity of fisher-
ies water bodies.

A promising direction for further re-
search is a comprehensive study of tis-
sue-specific dynamics of [-carotene in
other organs and tissues of L. stagnalis,
as well as establishing the relationship be-
tween changes in carotenoid metabolism,
lipid peroxidation processes, and the ac-
tivity of the enzymatic antioxidant system
under conditions of prolonged exposure to
phenol.
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Oyiv BapiaOeNbHIMIMMU Ta BiT0OpaXkamu ii
TPAHCIOPTHY (YHKINIO Yy KapOTHHOIIHO-
My oomini. Kopensuiiinuii anani3 miareep-
JIUB CTATUCTUYIHO 3HAYYIIMH MO3UTHBHUN
3B’S30K MDK TPHUBAJICTIO EKCTO3HMIIi Ta
BMICTOM [-KapOTHHY SIK y TelaTolaHKpe-
aci (r=0,31; p < 0,05), Tak i B TeMOJIM-
¢i (r = 0,56; p < 0,05), o0 CBIAYUTH PO
BU3HAYAIIHY POJIb TPUBAIOCTI EKCIIO3UIIIT
y bopMyBaHHi ajanrariinoi BiAmnosii op-
TaHi3My MOJIOCKIB.

OTpuMaHi  pe3yiabTaTH PO3LIUPIO-
IOTh CYYacHI YSBIICHHS PO OCOOJIHBOC-
Ti TepeOy0BH KapOTHHOITHOTO OOMi-
HY 3a YMOB (pEHOJBHOI IHTOKCHUKAIii Ta
OOTPYHTOBYIOTh JAOLIIBHICTE BHUKOPH-
CTaHHS [-KapoTHHY SK MOTEHI[IHHOTO
010XIMIYHOTO MapKepa cyOJeTalbHOTO
TOKCMYHOTO HAaBaHTaXXCHHS 3a KOHTp-
ONIbOBAaHUX YMOB IiJI 9ac EKOTOKCHKO-
JIOTIYHOTO MOHITOPUHTY MNPiICHOBOAHUX
€KOCHCTEM. 3 OIVISIIy Ha BaXKJIUBY pOJIb
L. stagnalis y QyHKIIOHYBaHHI BOAHHUX
€KOCUCTEM 1 (OopMyBaHHI KOPMOBOI 6a3u
0aratboX BHUJIB pUO, pPAaHHE BUSBICH-
Hs MOpYIIEHb KapOTHHOIAHOTO OOMiHY
MOJKe OyTH BUKOPHCTAHE IJIsl OLIHIOBAaH-
HSl €KOJIOTIYHOrO CTaHy Ta OiojoriuyHoi
MPOAYKTUBHOCTI  PUOOTOCIOAAPCHKUX
BOJIOWM.

[lepcieKTHBHUM HANpsIMOM  TIOAJb-
IIUX JOCITIDKCHb € KOMIUICKCHE BHBYCH-
Hs TKaHWHOCTeNudiyHOI quHaMiku [-Ka-
POTHHY B IHIIMX OpraHax i TKaHWUHaxX L.
stagnalis, a TaKOX BCTAHOBJICHHS B3a€MO-
3B’3Ky MK 3MiHaMHU KapOTHHOITHOTO 00-
MiHY, IpOIIeCaMH IIEPOKCHIHOTO OKUCHEH-
Hs JIMIAIB 1 aKTHBHICTIO (PepMEHTATHBHOT
AHTUOKCUIAHTHOI CHCTEMH 32 YMOB TpH-
BaJIOrO BILTUBY (heHOIMY.

MOISAKA

ABTOpDH  BHCIIOBJIIOIOTh  BISIYHICTD
30poiinum Cwitam YkpaiHH 3a 3aXHuCT i
MOYKJIMBICTh TPOJIOBKYBATH HAyKOBY JIi-
SUTBHICTb.
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