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MeToro po60TH € BU3HAUEHHS KUTTECTIMKOCTI, OCHOBHUX 3aKOHOMIPHOCTEH 3MiHU
MOPGh0(i310I0TIYHOTO CTATYCy Ta MEXKI1 aJallTUBHUX MOKJIMBOCTEH MOJIO/I1 KOPOITOBUX
pu0 3a 1ii mABUIIEHOT KOHIICHTpAIlli aMOHIMHOTO a30Ty 1 hochopy pocdatiB y BoIi.

OO0’€KTOM JTOCHIIKEHHS € KUTTECTIMKICTh, MOP(HO(I310JIOTIUHUN CTATYC H MEXI1
aJIaTUBHUX MOXIJIMBOCTEH MOJoOAl Kopoma 3BuuariHoro (Cyprinus carpio L), xapacs
cpibiscroro (Carassius auratus gibelio B), mitku 3Buuaitnoi (Rutilus rutilus L) i
KpacHomipku 3BuvaiiHoi (Scardinius erythrophthalmus L) 3a ngii  migBumeHux
KOHIICHTpAIIi} CIIOJIyK a30Ty Ta docdopy.

Y  poGOTi pO3IIASHYTO OCHOBHI 3aKOHOMIPHOCTI 3MIHM JKHUTTECTIMKOCTI,
MopdodizionoriyHoro Ta 0G10XIMIYHOTO CTaHy MOJIOJI KOPOMOBHX BH[IB puO 3a il
MIJBUILEHUX  KOHIIEHTpaliid aMoHiiiHOro a3zoty Ta Qocdopy docharie y
EKCIIEPUMEHTAJIbHUX Ta MPUPOJAHUX yMOBaxX. BuokpemsieHO HaWOUIbII 3HAYMMI Ta
oka3oBi MopoorivHi, Gi3ioaoriyHi, 610XIMIUHI MOKa3HUKHU, K1 BUKOPUCTOBYIOTHCS Y
CyYaCHUX 1XTIOJOTTYHUX Ta O10XIMIYHHUX JOCIIIKEHHSIX PUO.

Jlnsi BU3HAUEHHS JKUTTECTIMKOCTI Ta 3MiH (Di310JIOTIYHOTO CTATyCy MOJIO/I
KOPOIOBUX BHJIB puO OyJI0 TPOBEACHO TOCTPI Ta XPOHIUHI TOKCHKOJIOTIYHI
ekciepuMeHTH. O0’eKTaMu TOCTIIKEHb OYJIU IILOTOJITKH Kapacsi CpioisicTOro, Kopora
3BUYANHOTO Ta KPACHOMIPKHU 3BUYaiHOI. TOKCHUKaHTaMU CIIYTYBaJld XJIOPUJ aMOHIIO Ta
cymitl pochopHUX coJiel Kallilo Ta HATPIKO Y TOCTPUX JOCIIAX Ta XJOPUJl aMOHIIO Ta
MoHO(pochaT Kallilo y XpOHIYHUX eKcrepuMeHTax. BcTaHOBIIEHO, 10 XJIOPHU[ aMOHIIO
BUSIBJISIE O3HAKH OTPYTH HEPBOBO-TMAPATITUIHOI /111, a opTodocdaTu BOIOAIIOTH HU3BKOIO

TOKCHYHICTIO Ta HE € TOKCUKaHTaMH TIPSIMOi ii.



Ha ocHOBI JaHMX TOCTPUX TOKCHUKOJOTIYHUX JAOCHIIKEHb BCTAaHOBJICHO, IO
MOJIOJIb KOPOIIOBUX BHUJIIB 3a CTYMIEHEM CTIMKOCTI 10 TOKCUYHOI J1i MOYKHA PO3MOLITATH
HACTYITHUM YHMHOM: Kapach CpiOSsCTUI > KpacHOIIpKa 3BUYAHA > KOPON 3BUYAWHUN
(aMOHIMHMI a30T) Ta KOPOI 3BHYaHMK > Kapach cpiOisctuit (pocdop docdaris).
Bcranosineno 96 roa. netanbHI KOHIIEHTpallii, A Moioai kopoma Ta kapacs LCsp
cranoButh 29,2 ta 34,3 mr N/am 1 amMoHiHOro a30Ty BianosinHo Ta Bix 366,3 1 822,6
mr P/nv® nist oprodocdaris. DocdaTu BUABIAIN HU3bKY TOKCHUHICTB JUIsl pUO.

B excrmepuMeHTampHUX yMOBaxX 3a XPOHIYHOTO BIUIMBY aMOHIMHOTO a30Ty B
KoHIeHTpanii 10 15 mMr N/am® BMicT KOpTH30Jy, TUPOKCHUHY Ta TPUHOATHPOHIHY Y
TKaHMHaX KOpora 3pocTaB y 5,4—8,4 pa3u, a y MOJIo/Ii Kapacs 301JIbIIYBABCS JTUIIIE BMICT
KopTu3oiy y 1,4 pa3u NOpiBHSHO A0 KOHTPOIIO. Y BCIX TPHOX JOCHIIKEHUX BUJIB pUO
MOCHJIIOBABCS TITIKOJI3, @ B KPACHOIIPKHU TAaKOXK 1 aepoOHe nuxaHHsA. Takoxk BiAMIYEHE
CYTTEBE 3pOCTaHHs akTUBHOCTI JI® —y 2,7-9,0 pa3iB y monoai kapacs; Ha 40-47% y
KpaCHONIPKHU Ta Kopona. 3a [ux yMoB 30u1blryBanacs aktuBHIicTs ['/II" Ha 92% y kapacs
Tay 2—4 pa3u y KpacHOIPKH, a y KOpoIia BOHA, HaBIMaKH, 3HIKyBaacs Ha §1-83%.

3a xpoHiuHOro BIIIUBY (hochopy pocdartiB y ekciepuMeHTaIbHUX yMoBax 110 5,0
mr P/nm® y Mostoni pu6 crioctepiranocs 3HMKEHHS aKTHBHOCTI aHAEPOOHHX Ta aePOOHHX
nporieciB eHepro3adesnedyeHHs. AKTuBHOCTI JID 301mbiTyBanacsa y Moo koponay 3,0—
3,8 pa3u, y Kapacsi Ta KpaCHOIIPKHY BOHA JENI0 3MeHIITyBasiach. AKTUBHICTh ['JII" y kapacs
Ta KOPOIIa 3pocTayia y 2 pasu, a y KpacHOIIPKH JISII0 3HIKYBaJIACH.

Busineno BunocnenudiuHi 0coOOIUBOCTI 3MIHK MOP(OJIOTTYHOTO CTaTyCy MOJO/I1
Kapacsi, KpacCHOMIPKH Ta TUIITKA y TPUPOJHUX BOJOMMAaxX, 3a0pyJHEHUX aMOHIMHHM
azotom. Monoap kapacs Ta kpacHonipku mana y 11,0 ta 3,1 pa3u 6inbiry Macy Tijia, aHDK
pubHM 3 KOHTPOJBHUX BOJOMM, a TaKOX OUIBII JOBXHHU Ta BUCOTH Tija 1 JOBXHUHY
rojioBu. AHaniz MOpHOMETPUYHUX TIOKA3HHWKIB pUO BUSBUB JUIsI MOJIOAI Kapacs
JOCTOBIPHUW TO3UTUBHUN KOPEIAIINHUN 3B 30K MiXK KOHIEHTPALIE) aMOHIWHOTO
a30Ty Ta OKPEMHUMH MMOKa3HUKaMH (3a0p0OiTaibHa BiJCTaHb, MOCTIOPCAIbHA BiACTaHb Ta
JOBXMHA XBOCTOBOro ctebsa). [lmiTka HalOLIbIn Bpa3nuBa 0 il aMOHINHOTO a30Ty,

TEMIIU ii MacOBOT'O Ta JIHIHOTO pOCTY 3HM)KYBAJIMCh, HA BIJIMIHY BIJl IHIIUX BUIB.



[Tix miero gocdopy docdariB BigMIu€HO 301IBIIEHHS Y MOJIOJII TUTITKA Macu Tina
y 2,7 pa3u, IOBXKUHU Tila, TydyOa 1 TojoBU ¥ Bucota Tuia Ha 19-61%. 3Halinenuit
MMO3UTUBHHUMN KOPEJSAIIMHANA 3B'SI30K MIXK JOBXKHHOIO pUjia, 3a0p0iTaTIbHOIO BiJICTAHHIO,
JOBXMHOIO T'OJIOBM, HAMMEHIIOI BHCOTOIO TUIA, JOBXKUHAMH TPYAHUX Ta YEPEBHUX
TUTABIIB MOJIOAI TUTITKM Ta KOHIIEHTparliero dpocdopy pocdartis y Bogoiimi. st momosi
Kapacsi Ta Kopoma 13 BOJONM 3 MiABUIICHOI0 KOHIeHTpalieo ¢ochopy docdaris
JOCTOBIPHUX BIIMIHHOCTEH y MOP(OJIOTTYHUX IMOKA3HUKAX HE OYyJIO BIIMIYEHO.

JleTanbHO PO3TIITHYTO 3MIHU BMICTY JIESIKUX KOPTUKOCTEPOITHHUX Ta THPEOITHUX
TOPMOHIB, aKTUBHICTh (hepMeHTIB eHepretuunoro oominy (JIAI' ta CAL'), pochopHoro
(JI®) Ta azornoro oominy (I'/I["), BMicTy eHepreTuuHuX cyOCTpaTiB B TKAaHMHAX puld 3a
MIJBUILIEHUX KOHIIEHTpallid aMOHIHHOTrO a3oTy Ta ¢ocdopy ¢ocdaTiB B MPUPOIHIX
ymoBax. [loka3zaHo, 10 MiABUIIEHI KOHIEHTpAIlli aMOHIMHOTO a30Ty BHUKJIUKAIOTh
aJanTUBHY PEAKI1I0 MOJIOA1 pr0 Ha TOPMOHAJILHOMY PIBHI: BMICT KOPTU30J1Y, B TKAHUHAX
Kapacs cpibysscToro 3Hm»KyBaBcs A0 2,0 pasis, 1iei Bu1 OyB HAHO1IbII CTIHKUM 10 TAKUX
yMoB. [lomipHY CTIHKICTh BCTAaHOBJIEHO JJII KPACHOMIPKH, y HEi MiJABUIIYBABCS BMICT
KopTuzoiy 10 3,7 pa3iB Ta Tupokcuny Ha 14—20%, 3HUAKYBABCSI BMICT TPUHOATUPOHIHY
1o 74%. Haitbinpin Bpa3inuBoOwO 10 Jii MiJABUIIEHUX KOHIICHTPALli aMOHIHOTO a30Ty
BUSIBUJIACS TUTITKA, il TOPMOHAIBHUN CTATyC XapaKTEePU3yBaBCsS 3HIKCHHSIM BMICTY
KOPTHU30J1y Ta 301IbIIEHHSIM BMICTY TUPEOiJHUX TOPMOHIB.

3a BIUIMBY HaJAMIPHHUX KOHIIEHTpAIii aMOHIHHOTO a30Ty akTtuBHICTh JIJII" Ta AT
y 3s10pax Ta M’s3ax MOJIOJII kKapacs 3poctana y 1,8-2,3 pa3u Ta Ha 22—73% BIANOBIIHO,
axktuHicTs CJI, JI® 361nb11yBanucs nuie B 310pax. Y KpacHomipku akTuBHICTEH JIJII
ta I'JI[" 3menmyBanucsa 10 83% npu ictotHoMy 3pocTtanHi aktuBHOCTI C/I" Ta JI® no
JIEKUTbKOX pa3iB. Y Mool miiTku akTuBHICTE JIJI, JI®, I'II" icToTHO 3MeHITyBaIucs
10 87%, aktuBnicth CIII" 3pocTaina jo 2,6 pasis.

3a mii migBumieHoi koHueHTpaiii ¢ochopy docdariB y BomoiimMax HaOLIbII
CTIMKOIO BUSBUJIACS MOJIOJb Kopora. Bmict koptuzony, T3 ta T4 B 3s6pax 3pocTtaBy 2,3,
5,6 Ta 9,6 pa3iB BIAMOBIAHO MOPIBHAHO 10 KOHTposro. Kapachk xapakrtepusyBaBcs
MOMIPHOIO BUTPUBATICTIO /10 J1i1 IIOTO YNHHHUKA — BMICT KOPTHU30JTy 301IbITyBaBCs 110 7,7

pasiB. Haii6inpim BpaznuBoro 10 aii hochopy docdariB BusBUIACS MOJOIL IUIITKH, Y



SIKOT BIIMIYEHO 3HMIKEHHSI BMICTY KOPTU30JTY, MMPOTE 301IbIIIEHHS BMICTY TUPOKCHUHY Ta
TPUHOATUPOHIHY.

Axrtusnicts JIII', CAL', JI® ta I'II" y 3s06pax kopomna 30u1bIIyBaiacs; y MOJOI
Kapacs 1cToTHO 3poctana aktuBHicTh JIAI' ta CAI' nmo 4,6 pasiB, HE3HAYHO
nigBuiryBajgacs akTuBHICT, JI® Ta 3HmkyBamacs aktuBHicTe [JI[; a y mmiTku
crioctepiraiock ictotHe miaBumenHs aktuBHocTi JIAT Ta CAI' mo 2,9 pasiB y 310pax,
npote 3MeHIyBaigack akTuBHICTE JI® ta I'/II" no 88%.

[TokazaHo, mo B mporieci aganTarmii 0 HAAMIPHUX KOHIIGHTpAIlii aMOHIHHOTO
azory Ta dochopy docdariB MOJI0b KOPOIOBUX BHUIIB PUO BUKOPHUCTOBYBaja BCl 3
eHepretuyHi cyoctparu. [lepiodeproBo yTuiizyBaBcs TIIIKOTEH, Mi3HIIIE YU Pa3oM 3
HUM Jimiad. B ocTtanHIo yepry, Ha eHepreTuyHe 3a0e3MeUYeHHs aJalTUBHUX Peakiii Ha
3a0pyIHEHHSI, MOJIO/Ib KOPOIIOBHUX BU/IIB pUO BUKOPUCTOBYBAJIAa O1IKH.

Ha mnigcraBi mpoBeAEHUX JOCHIIKEHb BCTAaHOBJICHI JIETallbHI KOHIICHTpAIlil
aMOHiIHOTO0 a30Ty Ta docdopy GocdaTiB A1 KOPOMOBUX BHIIB pub. IX KUTTECTIHKICTD
3a MIABUINEHUX KOHIIGHTpAIid IIMX CIHOJYK ICTOTHO Bijapi3Hsiack. BuszHadeHo
Bugocnenudiudi  (pizionoro-6i0ximMiyHl Ta aJanTUBHI peakili y BIANOBIIb Ha
HECIPUATIIMBI YMHHUKU MOJIOA1 KOpOIia, Kapacs, KpaCHOMIPKH, IUTITKH.

Ha migcraBi oTpuMaHUX pe3yJbTaTiB MOKHA 3a3HAYWTH, L0 JOCIIKEHI JIEsIKI
010XIMIYHI MOKAa3HUKH, 30KpeMa BMICT rOpMOHIB Ta akTuBHICTh JI/I" Ta JI®, moxHa
BUKOPUCTOBYBATH JJii OIOMOHITOPUHTY Ta €KOJIOT1YHOI I1HJIUKAIlI CTaHy BOJHUX
00’exTiB. Lle, B CBOIO uepry, po3MIMpPIOE Ta JOMOBHIOE ICHYIOUY 1H(OPMAILIII0 CTOCOBHO
aJanTUBHUX PEAKIlil OpraHi3My KOpPOMOBUX BHJIB pUO J0 3MiH €KOJIOTIYHHUX YMOB
CepeloBUIlla ICHYBaHHS Ha MOP(HOJIOTIYHOMY, TOPMOHATILHOMY, (PEpPMEHTATUBHOMY Ta
010XIMIYHOMY PIBHSIX.

Kiarw4oBi ciioBa: Moioap KOponoBUx pud, OI0T€HHI CIIOIYKH, a30T aMOHIMHHMM,
docthop docdari, mMopdodizionoriyHuid CcTaTyc, TOPMOHU, EHEPrOEMHI CIOIYKH,

aAKTUBHICThH (DEPMEHTIB.



SUMMARY

Kofonov K. Morphophysiological status of juvenile cyprinids under the influence
of increased content of biogenic compounds in water

Dissertation for the degree of Doctor of Philosophy in specialty 091 "Biology" (09
"Biology") - Institute of Hydrobiology of the National Academy of Sciences of Ukraine,
Kyiv, 2021.

The work aims to determine the viability, the main regularities of changes in the
morphophysiological status, and the limits of the adaptive capabilities of juvenile
cyprinids under the influence of an increased concentration of ammonium nitrogen and
phosphorus phosphates in water.

The object of the study is the viability, morphophysiological status, and the
boundaries of the adaptive capabilities of juvenile common carp (Cyprinus carpio L.),
crucian carp (Carassius auratus gibelio B.), common roach (Rutilus rutilus L.), and
common rudd (Scardinius erythrophthalmus L.) under the influence of increased nitrogen
compounds and phosphorus.

The paper considers the main regularities of changes in juvenile cyprinids' viability,
morpho-physiological and biochemical state under the influence of increased
concentrations of ammonium nitrogen and phosphorus phosphates under experimental
and natural conditions. Our team identified the most significant and indicative
morphological, physiological, and biochemical indicators used in modern ichthyological
and biochemical studies.

The results of acute and chronic toxicological experiments give us information
about the survival level and changes in the physiological status of juvenile cyprinid fish
species. The objects of research were fingerling of crucian carp, common carp, and
common rudd. Toxicants were ammonium chloride and a mixture of phosphorus salts of
potassium and sodium in acute experiments and ammonium chloride and potassium
monophosphate in chronic experiments. Therefore, we could consider that ammonium
chloride exhibits signs of a nerve agent, and orthophosphates have low toxicity and are

non-direct toxicants.



Based on the data of acute toxicological studies, we established that juveniles of
cyprinids, according to the degree of resistance to toxic effects, can be divided as follows:
goldfish> rudd > carp (ammonium nitrogen) and carp> goldfish (phosphorus phosphates).
Also, our team were established 96-h lethal concentrations for juvenile carp, and crucian
carp LCso is 29.2 and 34.3 mg N/dm? for ammonium nitrogen, respectively, and from
366.3 and 822.6 mg P / dm? for orthophosphates. On the other hand, phosphates showed
low toxicity to fish.

During the chronic experiments, we recorded increased cortisol, thyroxine, and
trilodothyronine content by 5.4-8.4 times caused by ammonia nitrogen at a concentration
of up to 15 mg N/dm? in carp tissues. The hormones level is increasingly affected by the
chronic effect of ammonium nitrogen at a concentration of up to 15 mg N/dm3. In juvenile
crucian carp tissues, the cortisol content increased by 1.4 times compared to control. In
tissues of all three studied fish species, glycolysis increased, and in rudd also aerobic
respiration. There was also a significant increase in the ALP activity - 2.7-9.0 times
among young crucian carp; 40-47% in rudd and carp. These conditions caused the
increased activity of LDH by 92% in crucian carp and 2-4 times in rudd, while in carp, it,
on the contrary, decreased by 81-83%.

We observed that the chronic effect of phosphorus phosphates up to 5.0 mg P/dm?3
at experimental conditions in the juvenile fish decreased the activity of anaerobic and
aerobic energy supply processes. ALP activity increased in juvenile carp 3.0-3.8 times,
but in tissues of crucian carp and rudd, it slightly decreased. The activity of GDH in
crucian carp and carp increased 2.0 times, and in rudd, it slightly decreased.

Our investigations also discovered species-specific changes in the morphological
status of juvenile crucian carp, rudd and roach in natural reservoirs polluted with
ammonium nitrogen. Juveniles of crucian carp and rudd had 11.0- and 3.1-times greater
body weight than fish from control reservoirs and greater body lengths, heights, and head
lengths. Analysis of the morphometric parameters of fish exposed a significant positive
correlation between the concentration of ammonium nitrogen and individual parameters
(postorbital distance, post dorsal distance, and length of the caudal) for juvenile crucian

carp. Roach turned out to be the most vulnerable to the action of ammonium nitrogen. As



a result, the common roach temps of mass and linear growths decreased compared to other
species.

Under the influence of phosphorus phosphates, we found increasing in body mass
of common roach juveniles by 2.7 times and rising in the absolute fish length, body height
and length, head length at range 19-61%. The following result of the investigation is a
positive correlation between the length of the nose, orbital distance, the length of the head,
the smallest body height, the lengths of the pectoral and ventral fins of the juvenile roach,
and the concentration of phosphorus-phosphate in the water body. Furthermore, we have
not observed any significant differences in morphological parameters for juvenile crucian
carp and common carp from water bodies with an increased concentration of phosphorus
phosphates.

Changes in the content of some GCS and thyroid hormones, the activity of enzymes
of energy metabolism (LDH and SDH), phosphorus (ALP) and nitrogen metabolism
(GDH), the content of energy substrates in fish tissues at increased concentrations of
ammonium nitrogen and phosphorus phosphates in natural conditions are considered in
detail. Biochemical analyses showed that increased concentrations of ammonium
nitrogen cause an adaptive response of juvenile fish at the hormonal level: the content of
cortisol in the tissues of the crucian carp decreased up to 2 times, which means that this
species was the most resistant to such condition. On the other hand, moderate rate
resistance of common rudd was found, typified as the content of cortisol increased by 3.7
times and thyroxine by 14-20%. However, the content of trilodothyronine in common
rudd juvenile tissues was reduced to 74%. The most resistless to increased concentrations
of ammonium nitrogen was the common roach. Its hormonal status was characterized by
a decrease in cortisol content and an increase in the content of thyroid hormones.

Under the influence of extreme concentrations of ammonium nitrogen, LDH and
GDH in the gills and muscles of young crucian carp increased by 1.8-2.3 times and by
22-73%, respectively, the activity of SDH and ALP increased only in the gills. In common
rudd tissues, the activity of LDH and GDH decreased to 83%, with a significant elevate
in the activity of SDH and ALP up to several times. In juvenile roach, LDH, ALP, GDH
activity significantly decreased to 87%, the activity of SDH increased up to 2.6 times.



Under the influence of an increased concentration of phosphorus phosphates in
water bodies, carp juveniles turned out to be the most resistant. The content of cortisol,
T3 and T4 in the gills of carp increased 2.3, 5.6, and 9.6 times, respectively, compared
with the control level. Crucian carp are characterized as moderate resistance to this factor
- the content of cortisol in its tissues increased up to 7.7 times. The weakest to the action
of phosphorus phosphates was the common roach juveniles. We noticed that cortisol
content was decreased at common roach tissues. On the other hand, we found the
increased content of thyroxine and triiodothyronine in common roach tissues.

The activity of LDH, SDH, ALP and GDH in the gills of carp increased. In the
tissues of juvenile crucian carp, LDH and SDH activity significantly increased by 4.6
times, the activity of ALP increased slightly, and the activity of GDH decreased; while in
the common roach gills, was observed a significant increase at LDH and SDH activity up
to 2.9 times, but the activity of ALP and GDH decreased to 88%.

The investigation conducted that young cyprinid species fish used all three energy
substrates in the process of adaptation to excessive concentrations of ammonium nitrogen
and phosphorus phosphates. Initially, glycogen is utilized, later or simultaneously with
its lipids. Last, of all, juveniles of cyprinid fishes used proteins for the energy supply of
adaptive responses to pollution.

One of the results of our teamwork was lethal concentrations of ammonium
nitrogen and phosphorus phosphates for cyprinid fish species. However, their viability at
elevated concentrations of these compounds differed significantly. Also, we discovered
species-specific physiological, biochemical and adaptive reactions in response to harmful
environmental factors in juvenile carp, crucian carp, common rudd and roach.

Centred on the findings, we could note that some biochemical indicators, such as
the content of hormones and the activity of LDH and ALP, are potentially helpful for
biomonitoring and indicate different water bodies' ecological states. Also, the work, in
turn, expands and supplements the existing information on the adaptive reactions of the
organism of cyprinids to changes in the ecological conditions of the habitat at the

morphological, hormonal, enzymatic and biochemical levels.
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compounds, enzyme activity.
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