0. HONCHAROVA

PHYSIOLOGY AND BIOCHEMISTRY /
®I310/10r1A TA BIOXIMIA

Ribogospod. nauka Ukr., 2023; 2(64): 83-108
DOI: https://doi.org/10.15407/fsu2023.02.083
UDC 639.3

ASPECTS OF NEURO-HUMORAL
REGULATION OF FUNCTIONAL
ACTIVITY IN THE ORGANISM OF
FISH UNDER THE INFLUENCE OF
ABIOTIC AND BIOTIC FACTORS
(A REVIEW)

0. Honcharova, anelsatori@gmail.com,
Kherson State Agrarian-Economic
University, Kherson

Purpose. To make a comprehensive analysis
and review the main aspects of the formation
of the resistance of hydrobiont bodies under the
influence of various factors. To show the mecha-
nism of action of the main physiological and bio-
chemical processes in the context of understand-
ing the general functionality of hydrobiont bod-
ies. To summarize the basic concepts and opinion
regarding the activity of metabolic processes,
regulation of enzymatic activity in hydrobiont
bodies against the background of the conditions
of influence of abiotic and biotic factors.

Findings. An overview of modern scientific
publications is presented, showing the idea of the
hydrobiont body as a single functional system.
Supplemented by the author’s own judgments re-
garding the role of physiological and biochemical
processes in the formation of adaptive and com-
pensatory mechanisms of fish, the main mecha-
nisms of adjustment of vital processes in view of
the influence of stress factors. In general, open
literature data on the studies on the adaptive
capacity of hydrobiont bodies against the back-
ground of the introduction of adaptogens, devel-
opmental stimulants, and immunomodulators.
The general aspects of ways to solve the problem
in the context of increasing the resistance of hy-
drobiont bodies under various exposure condi-
tions, including growing conditions, are consid-
ered. Experimental studies were analyzed, in par-
ticular, the effectiveness of the influence of the
feed factor, technological elements of cultivation
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Mema. 30ilicHumu KomnaekcHUl aHaniz ma
po3eaaHymu npoesioHi acrnekmu opmy8aHHs
pesucmeHmHocmi opeaHiamy 2idpobioHmis 3a
YMO8 8r1/u8y Pi3HUX YUHHUKIi8. Po3kpumu nu-
maHHA MexaHizmy Oii 0CHosHUX hi3ion020-6i-
OXIMIYHUX rpoyecie 8 KOHMeKcmi po3yMiHHA
3020/0M (PYHKUiOHA6HOCMI OpeaHi3my 2i0po-
bioHmis. Y3aeanbHumu 6a308i moHAMmMA ma
npedcmasneHi cyOmeHHA wWooo akmusHocmi
memaboniyHux npouecie, pe2ynto8aHHA gep-
MeHMamueHoi akmusHocMi 8 opaaHismi 2iopo-
b6ioHmie Ha ¢oHi ymos enausy abiomu4yHux ma
biomuvHUX YUHHUKIB.

Pe3synemamu. lpedcmasneHo 02170 cyvac-
HUX Haykosux nybnikayil, AKi poskpusarome
yAB/1eHHA NPO 0P2aHi3mM 2i0pobioHmie AK €OUHY
hyHKYioOHAnbHY cucmemy. [Jono8HEeHO 8/1GCHUMU
CYOMCeHHAMU a8mopa 3Ha4yeHHs i3iono2o-6i-
oXiMiYHUX npoyecie y ¢opmyeaHHi adanmayili-
HO-KOMIMEHCamopHUX MexaHi3mie pub, OCHOBHUX
MEXQAHI3MI8 KOpe2yBaHHA HUMMEBOBAMIUBUX
npouyecie 3 02nA0y HA 8MaAUB CMpec-YUHHUKIB.
Y3azanbHeHo docmynHi nimepamypHi 0aHi w000
Hanpamie 0ocnioxeHHA adanmauiliHoi 30amHo-
cmi opeaaHiamy 2i0pobioHmie Ha ¢oHi enposa-
O0xceHHA a0anmozeHis, cmumynsamopie possum-
Ky, iMmyHomoOynamopis. Po3enaHymo 3a2asnbHi
acriekmu WsAxie 8upiweHHA MNUMAHHA 8 KOH-
mekcmi nidsuweHHA pe3ucmeHmHoOCcMi op2aHis-
Mmi 2iopobioHmis 3a pi3HUX yMo8 8r1usy, 8 Momy
qucni, i ymos eupouwyysaHHAa. [lpoaHanizoeaHo
eKcrepumeHmasnbHi - 00CniOHeHHsA, 30Kpema,
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on the general functional status of hydrobiont
bodies. The main physiological and biochemical
mechanisms of influence on metabolic process-
es, enzymatic activity and adaptive capabilities
of fish under the influence of biologically active
substances and the conditions of the aquatic envi-
ronment were studied. Aspects of neurohumoral
regulation in fiosh body are highlighted, which
reflect the general mechanism of action and
mechanisms for adjusting the vital functions of
the functional system of hydrobionts.

Practical value. The review carried out on the
presented topic can be useful for scientists, stu-
dents of higher education, practitioners, private
entrepreneurs who are related to the fishery in-
dustry, research works in aquaculture.

Key words: hydrobionts, organism, physi-
ological and biochemical processes, regulation
mechanism, abiotic, biotic factors.

PROBLEM STATEMENT
AND ANALYSIS OF LAST
ACHIEVEMENTS AND
PUBLICATIONS

Individual technological links of pro-
duction of aquaculture products are being
transformed and improved, innovative
solutions of such technologies are being
implemented. However, the problem of
the resistance of the body of hydrobionts
under the influence of a certain factor or in
the conditions of existence remains time-
less. In the context of the importance of the
formation of the mechanism of complex
biochemical and physiological reactions in
response to the action of such abiotic and
biotic factors, the question acquires practi-
cal relevance [1, 2, 3, 4]. First of all, it will
be appropriate to note the leading role of
physiological and biochemical processes
of different levels, structural organization,
plasticity and reactive response to stimu-
li. Undoubtedly, the improvement of the
technological elements of growing and
breeding the objects of aquaculture, the
introduction of modern solutions, IT tech-
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eghekmusHicmb  8aAUBY KOPMOB020 YUHHUKAG,
mexHoM02iYHUX enemeHmie B8UPOWYBAHHA HA
302anbHUl hyHKUYiOHAnbHUL cmamyc op2aHi3-
my eidpobioHmis. [locnioreHo OCHOBHI ¢hiziosno-
20-6i0XiMiYHI MexXaHi3Mu peaynreaHHA Mema-
boniyHUX npouyecis, hepmeHMamueHoi akmus-
Hocmi ma adanmauyiliHux moxciusocmeli pub
30 ymoe 8raugy 6ion102i4HO AKMUBHUX PEYOBUH,
napamempis 800Ho20 cepedosuuya. BucsimnaeHo
acnekmu Helipo2yMmopasnbHoi peaynsuii e opeaa-
Hi3mMi pub, [Ki sidobpaxcarome 3a2a16HUl Me-
XAHIi3M Oii ma mMexaHi3Mu KopeaysaHHA Humme-
80-8aMH(AUBUX PYHKUIl 2i0pobioHmis.
MpakmuyHa 3Havyumicme. 02190 3a npeo-
CMasseHo mMemMamuKkor moxe bymu Kopuc-
HUM 0718 Haykosuis, 300bysayie suwoi oceimu,
MPAKmMuKkie, NpueamMHux nionpuemuyis, iHmepecu
AKi € domuyHUMU 00 pubo2ocnodapcbKoi eanysi,
HayK0B80-00CNiOHUX pobim 8 ak8aKyAbMYPI.

Kntoyoei cnoea: 2idpobioHmu, opeaHism, i-
3i0n020-6ioximivHi Mpoyecu, MexaHiam pezynayii,
abiomuyHi, GiomuyHi YUHHUKU.

MMOCTAHOBKA NMPOBJEMH
TA AHAJI3 OCTAHHIX
JOCJIIKEHD I MMYBJIKALII

TpaHc(hOpMYIOTECS Ta YIOCKOHAIIO-
I0ThCS OKPEMi TEXHOJIOTI4YHI JJAHKH BUPOO-
HUITBA TPOAYKIII aKBaKyIBTYPH, BIIPO-
BaJKYIOThCS 1IHHOBALlIHI PIIICHHS TaKUX
TEXHOJIOTIH. BTiM, 1103a yacoM JIHIIAE€TH-
Csl MUTaHHS PE3UCTEHTHOCTI OpraHi3My
riIpoOIOHTIB B yMOBaX BIUIUBY I€BHOTO
YMHHHUKA 200 B yMOBax iCHyBaHHs. B koH-
TEKCTI BOKJIMBOCTI (OpPMyBaHHS MeXaHi3-
My KOMIUICKCHUX OioXiMiuHHX, (i3iomno-
TIYHUX PeakIliii y BiJMOBIIL HA IO TaKUX
a0loTUYHUX Ta OIOTMYHUX YUHHUKIB ITH-
TaHHS HAOyBa€ MPAKTUYHOI aKTyaJbHOCTI
[1-4]. Hacamniepen, pouiibHuM Oyae Bif-
MITUTH MPOBIJIHY POJIb B OPTaHi3Mi Tipo-
010HTIB (hi31010T0-010XIMIYHUX MPOLECIB
PI3HOTO PIBHS, CTPYKTYPHOI Oprasizarii,
IUIACTUYHOCTI Ta PEaKTHBHOI BiAIMOBiAL
Ha JII0 IMOJIpa3HHKiB. Be3ymMoBHO, yimo-
CKOHAJICHHSI TEXHOJIOTIYHHUX EJIEMEHTIB
BUpOIMYBAaHHS Ta PO3BEICHHSI 00 €KTIB
AKBaKYJIbTypPH, BIIPOBAKCHHsI Cy4acCHUX
pitens, IT-TexHONOTIH Yy BHPOOHUIITBO
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nologies in production - all this is inevita-
ble and natural. In this context, the hyd-
robiont body itself is a functionally active
system. Moreover, the level of response to
a certain factor (stimulus) depends on their
adaptation capabilities. Scientific works
focused on this topic reflect the important
role of regulators of adaptive and metabol-
ic processes in the body not only of intro-
duced fish (during acclimatization), but
also of any object of the aquatic ecosystem
in artificial and natural conditions of culti-
vation (during adaptation) [2,5]. Studies of
neurohumoral regulation with an emphasis
on the hormonal background, enzymatic
activity and parameters of development
and productivity of hydrobionts come to
the fore.

The question of the deep influence of
abiotic and biotic parameters on the func-
tional state of hydrobionts is gaining im-
portance. Numerous studies reflect the re-
sults of the authors, who emphasize both
the dominant role of climate parameter
transformations and the rational use of bi-
ological resources, the potential of water
areas, and the species composition of ich-
thyocenoses. Along with such judgments,
the role of the feed factor, biologically ac-
tive substances, nutritional supplements in
the growth, breeding and cultivation of hy-
drobionts in the conditions of recirculation
systems (RAS), tank and pond farms was
also reported [6-13].

The experimental studies demonstrate
a leading role in improving the parame-
ters of development rate, fattening ratio,
feed conversion, average daily growth
of hydrobionts precisely by indicators of
physiological and biochemical processes.
With such transformations, there is a re-
structuring at the cellular level of meta-
bolic parameters, enzymatic reactions, and
morphometric indices of blood. As a result
of the different level of plasticity of home-

— BCE II¢ € HEMUHYYNM, 3aKOHOMIipPHHM.
VY naHOMy KOHTEKCTI BJIaCHE OpraHi3M Tif-
pOOIOHTIB € (DYHKIIIOHAIEHO-aKTHBHOIO
cucremoro. IIpu yomy, piBeHb BigmoBizi
Ha TIEBHUM YMHHUK (NOAPA3HUK) 3aje-
JKATH BIJI IX aJanTallifHuX MOXKJIMBOCTEH.
HaykoBo-mocnigai poOoTH, 30pi€HTOBaHi
Ha JJaHy TEMAaTHKY, BiZOOpa)KaroTh Bax-
JUBY POJIb PErySTOPIB aganTaliiHuX,
METa0ONIYHUX MPOLECIB B OpraHi3mi He
JIUIIIE IHTPOAYIEHTIB (TP aKJIiMaTh3allii),
a U Oymp-sKOro 00’€KTa BOJHOI E€KOCHC-
TEMH B INTYYHHX Ta MPUPOTHHUX YMOBax
KyJIbTUBYBaHHS (Tpu ajamrarii) [2, 5].
Ha mepmmii mnan BUXOIATH J0CITKSHHS
HEHPOryMOpaiIbHOI Peryssmii 3 aKIeHTOM
Ha TOPMOHANBHOMY (DOHI, (hepMEHTATUB-
Hill aKTUBHOCTI Ta HapaMeTpax PO3BUTKY,
MPOIYKTUBHOCTI T'IpOOiOHTIB.

AKkTtyanpHOCTI HaOyBa€ NMUTAHHS TJIU-
OMHHOrO BIUIMBY a0lOTUYHHUX Ta O10THY-
HUX MMapaMeTpiB Ha QYHKIIOHATBEHUN CTaH
ripoOioHTiB. YHMCIEeHHI  JIOCHiKCHHS
BiIOOpaXKarOTh pe3yJabTaTH aBTOPIB, SKi
3IIHCHIOIOTH aKIICHT SIK Ha JOMIHYBaJIbHIH
poni TpaHchopMmarliii KIiMaTHYHUX Tapa-
METpIB, TaK 1 Ha PaliOHAILHOMY BHKOPHC-
TaHHI OlopecypciB, MOTEHITIAI aKBaTOPiH,
BHUJIOBOMY CKJIaJli ixTiomeHo3iB. Ilopsn 3
TaKMMHU CY[KCHHSIMH, BiIMI4€HO 1 POJb
KOPMOBOTO YMHHHKA, O10JIOTTYHO aKTHB-
HUX pedoBuH, BAJliB mpu miapouieHHi,
pPO3BElEHHI Ta BHUPOLIYBaHHI TiIpoOioH-
TIB B YMOBax PEHUPKYISMIHHUX CHUCTEM
(PAC), OaceliHOBHX Ta CTAaBOBHX TOCIIO-
napctB [6—13].

ExcniepumeHTanbHI  JOCIIKSHHS aB-
TOpIB JIEMOHCTPYIOTh TPOBIIHY POJIb
IIpH TIOJIIIICHHI MapaMeTpiB IIBUAKOCTI
PO3BUTKY, Koe(illieHTa BrOJ0BaHOCTI,
KOHBEpCil KOpMy, CepeaHbOT000BUX TPH-
POCTIB T1IpOOIOHTIB caMe MOKa3HUKIB (i-
310510r0-010XIMIYHUX TPOLECIB. 3a TaKUX
TpaHcopmaliiil BinOyBaeTbcs nepedynona
Ha KIITHHHOMY DiBHI METa0ONIYHUX IIO-
Ka3HUKIB, (PepMEHTATUBHHX PEaKIIii, MOp-
(ho—MeTpUYHMX 1HIIEKCIB KpoBi. B pe3yib-
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ostasis parameters in the hydrobiont body
to the action of the feed factor, climatic
changes, there is improvement or deteri-
oration, in general, of synthetic processes
in the body. At the same time, emphasis is
placed on the correlation of physiological
and biochemical parameters and on the
qualitative composition of aquatic envi-
ronment (hydrochemical, hydrobiological
parameters, etc.) [2, 4, 6].

It should be noted that in aquaculture,
during scientific and research works, the
question of the state of the physiological
and biochemical parameters of the body
of the studied cultured objects is always
relevant. The scientific works reflect the
results of experimental studies on the syn-
ergism of the concentration of biologically
active substances and morphometric pa-
rameters of biological fluids, tissue, bio-
chemical parameters of hydrobionts with
the influence of factors of abiotic and bi-
otic composition, etc. Moreover, as factors
there can be comprehensive elements of
influence: in addition to those listed above,
it is advisable to add stress, ecological and
biological incompatibility with the condi-
tions of aquatic ecosystem, genetic incom-
patibility, ichthyopathological signs, etc.

Summing up, it should be noted that
any setting of the experiment, observations
for the purpose of scientific research jus-
tifications must be timely and necessarily
comprehensive. Scientific and experimen-
tal studies of domestic and foreign authors
demonstrate the importance of the adequa-
cy of the development of adaptive reac-
tions at the biochemical and physiological
level, the development of stress reactions
in the process of adaptation of hydrobionts
to changes, the influence of abiotic and
biotic factors [14, 15, 16]. In the context
of the discrepancy between the plasticity
of the whole complex systems of the body
and the «strength» of the stimulus, it is im-
portant to study the endocrine regulation
of metabolism in depth. The authors at-

TaTi Pi3HOTO PIBHS IUIACTHYHOCTI Mapame-
TpiB rOMEOCTa3y B OpraHi3Mi rijpo0ioHTIB
JIO JIii KOPMOBOTO YHHHHKA, KIIMaTHIHUX
3MiH, BiI0yBa€ThCs MOJIMIIECHHS a0 IO-
TIpIICHHS 3arajioM CHHTETHYHUX TPOIIECIB
B oprasismi. IIpu 1iboMy akIeHT pOOUTHCS
Ha KopeJsii (i3i0a0ro-0i0XiMIiYHAX Ta-
pameTpiB Ta Ha SKICHOMY CKJIaJli BOAHOTO
cepenoBuma (TiIPOXiMivHI, Tiapobioo-
TiYHI IOKa3HUKHU TOWIO) [2, 4, 6].
3ayBa)knuMo, IO B aKBaKyIbTypi IMpu
HAyKOBO-JIOCIIAHUX pOoOOTax 3aBXKIU Mae
aKTyaJbHICTh THTaHHS cTaHy (¢i3iono-
ro—010XiMiUHMX MapaMeTpiB OpraHizMy
00’€KTIB, SIKI BHBYAKOTBhCA. HaykoBi Ji0-
POOKH aBTOPIB BiOOPaXaroTh Pe3yabTaTH
eKCTIEPUMEHTAIBHUX JIOCIIKCHb 00
Qi cHHepri3aMy KOHIIEHTpalii 0i0J0Ti4HO
AKTHBHUX PEYOBHH Ta MOP(HO—METPHIHNX
MTOKA3HUKIB 010JI0T1YHOT PiAMHU, TKAHUHH,
010XIMIYHHMX TIApaMeTpiB TiAPOOIOHTIB 3
CWJIOIO BIUIMBY YMHHHUKIB a0iOTHYHOTO Ta
OloTHYHOTO CKiIaxy Tomio. llpudomy, y
pONi YMHHUKIB MOXYTb OyTH pi3HOMAaHIT-
Hi €JEMEHTH BIUIMBY: KpIM IEperiueHuX
BHUINE, JOLUINBHO JOAATH CTPEC, EKOJIOo-
ro-010JIOTIYHY HEBIIMOBIIHICTE YMOBaM
BOJIHOT €KOCHCTEMH, T€HCTUYHY HEBiJIIO-
BIJHICTE, 1XTIOMATOIOTIYHI O3HAKH TOIIO.
ITincymoByro4HM, CmiJ BIAMITUTH, IO
Oynb-sIKa IOCTAaHOBKA €KCTIIEPHMEHTY, CIIO-
CTEPEKEHHS 3 METOI0 HAYKOBO-AOCIHIiTHUX
OOTPYHTYBaHb MarOTh OyTH CBOEYACHUMH
Ta 000B’s3k0BO BceOiuHMMH. HaykoBo-
eKCTIICPUMEHTAJIbHI JOCIIDKCHHS BITUN3-
HSHUX Ta IHO3EMHHUX aBTOPIB JIEMOH-
CTPYIOTh TIOJOKCHHS IIOAO BaKIIMBOCTI
aJICKBaTHOCTI PO3BUTKY aJalNTHBHUX pe-
akmid Ha OloxiMiuHOMY, (i310JIOTIYHOMY
PiBHI, PO3BUTKY CTpeC-peakiiii B mporeci
ajanTaiii rigpoOiOHTIB 1O 3MiH, BILIH-
By a0ioTMYHMX Ta OIOTHYHUX YHMHHUKIB
[14-16]. B KOHTEKCTI HEBIAMOBIIHOCTI
IUTACTUYHOCTI IUIMX KOMIUICKCHUX CHUC-
TEM OPTaHI3My «CHWJI» TIOJIpa3HUKa BaXK-
JIMBO TIIMOWHHO BUBYUTH €HIOKPUHHY pe-
TYISII0 00OMiHY. ABTOpH TIOB’SI3yHOTh II¢
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tribute this to the active synthesis of stress
hormones, such as cortisol. Taking into ac-
count that during adaptive reactions, any
organism of hydrobionts reacts inextrica-
bly, has a correlative relationship with the
regulators of physiological and biochemi-
cal processes, it is important to study their
reproductive capacity, productivity, speed
of development, etc.

It is known that under the conditions
of exposure to negative factors on the fish
body (when their body is not able to ad-
equately respond to a certain strength of
the «stimulusy), the hormonal background
changes primarily through the concentra-
tion of hormones secreted by the pituitary
gland, adrenal glands, thyroid gland, etc.)
[17, 18]. Therefore, in scientific research,
as a rule, the emphasis is on studying the
state of lipid, carbohydrate, and protein ex-
changes. Each of them has a specific rela-
tionship with a separate organ, target cell,
system. Therefore, when an «element»
new to the organism is incorporated into
a certain process, it can contribute to both
the improvement and deterioration of cer-
tain vital processes, act as an inhibitor or
catalyst of metabolic processes at various
stages of the ontogenesis of hydrobionts.
Practical results reflect exactly this prin-
ciple of action, correction of biologically
active physical, probiotic and other drugs
under the conditions of introduction to the
general farm ration of hydrobionts. Under
the conditions of the study of the level
of influence of man-made prerssure, cli-
matic transformations in modern realities
in the water area, complex analyzes with
appropriate forecasting of the likely conse-
quences on the ecosystem as a whole, ich-
thyofauna, hydrobiological condition, etc.,
come to the fore. Research from such a
perspective is usually systematic in nature,
is carried out taking into account consid-
erable nuances and is based on the need to
develop recommendations for improving
the situation in the future.

3 aKTUBHHM CHHTE30M TOPMOHIB CTpecy,
HaTpUKJIaa, KOpTu3ony. BpaxoByrouu, 1o
NP QAANTAIIHHAX peakiiaX OyIb-sKHi
OpraHi3M TipoOiOHTIB pearye HEpO3pHUB-
HO, Ma€ KOPEJSITHBHUHN 3B’SI30K 3 PEryis-
Topamu (hi31070r0-010XIMIYHUX MPOIIECIB,
Ba)XJIMBUM € BHBYCHHS X BiATBOPIOBAJb-
HOI 37aTHOCTI, IPOJAYKTUBHOCTI, IIIBH]KO-
CTi pPO3BUTKY TOIIIO.

Binomo, 1mo 3a yMoB BIUIMBY Ha puO
HETaTUBHUX YMHHHKIB (KOJIM 1X OpraHizm
HE 3[aTHHUI aJICKBaTHO Bi/IIOBICTH HA MEB-
HY CHJIy «IIOIpa3HUKa»), TOPMOHAIbLHUH
¢oH, B mepIy 4epry, 3MiHIOEThCS IIUITXOM
KOHIICHTPAIlill TOPMOHIB, 5IKi CEKPETYIOTh-
cs Tino¢izoM, HaIHUPHUKAMHU, HIUTOIIO-
JOHOIO 3a7103010 TOmIo) [17, 18]. Tomy B
HAyKOBO-TIPAKTUYHUX JOCIIDKCHHSX, SK
MPaBHJIO, AKIIEHT POOWUTHCS HAa BHBYCHHI
CTaHy JIMiJHOTO, BYIVIEBOJHOTO, OLJIKO-
Boro oOmiuiB. KokHMil 3 HUX Mae€ crienu-
(iYHICTH B3a€MO3B’A3KY 3 OKPEMHUM Op-
raHoM, KIIITHHOIO-MIIIEHHIO, CHCTEMOIO.
ToMmy, KoM HOBHI Il OpraHi3My «elie-
MEHT» BOYHOBYETHCSI B TNEBHHI IIPOIIEC,
BiH MOXE CIIPHATH SIK MONIIIICHHIO, TaK
1 TIOTIPIICHHIO OKPEMHX JKHTTEBOBAXK-
JIMBUX IPOLECIB, BUKOHYBAaTH POJIb 1HTi-
Oitopa abo Karamizaropa MeTa0OJIYHHX
MPOLIECIB HAa PI3HUX CTaAiIX OHTOTCHE3Y
rijpo6ioHTiB. [IpakTHyHI pe3ynbTatu Bi-
MOOpaKaloTh caMe TaKWi MPHHIUI i,
KOpEKIlii O10JIOT1YHO aKTHBHHX PEYOBHUX,
NpoOiOTHYHUX Ta IHIIMX IpenapaTiB 3a
YMOB BIPOBaPKEHHS J0 3arajbHOTOCIO-
JIapPCHKOTO PaLliOHy TiApOoOiOHTIB. 3a YMOB
JTOCITIJPKEHHSI PIBHS BIUIMBY TEXHOTCHHOTO
HABaHTAXKCHHs, KIIMATHYHHUX TpaHchop-
MaIliii B Cy4acHHX peallisix Ha akBaTopii,
MEPIIOYEPTOBOCTI HAOYBAIOTh KOMITJIEKCHI
aHaII3M 3 BiJIOBITHUM IPOTHO3YBaHHSIM
WMOBIpPHUX HACIHIJKIB Ui €KOCHCTEMH B
oMy, ixTiogayHH, TiApoOioIOTIYHOTO
cTaHy ToIO. Takoro paKypcy A0CIiIKeH-
Hs, 3a3BHYai, MalOTh CUCTEMAaTHYHUI Xa-
pakTep, 3AIMCHIOIOTHCS 3 YpaxyBaHHSIM
YUMaJNX HIOAHCIB Ta TPYHTYIOTHCS HA He-
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For any final goal (presentation of the
justification of the obtained results, devel-
opment of methodological recommenda-
tions for improving the state of the aquatic
environment, expanding or stabilizing the
ichthyocenosis, increasing the efficiency
production of aquaculture products, in-
crease in productivity or reproductive ca-
pacity, adaptation capabilities, resistance
of the organism of hydrobionts), it is nec-
essary to carry out complex studies of the
state of functional activity of the organism
of the object being studied, analysis of the
quality of the environment where it is lo-
cated, the favorable conditions for repro-
duction, accumulation body weight, etc.
The key role in the outlined processes is
played by the physiological state of the or-
ganism with the corresponding mechanism
of regulation of the life processes of hyd-
robionts, from which the formation of the
following, no less important parameters is
pushed forward.

HIGHLIGHT OF THE EARLIER
UNRESOLVED PARTS OF THE
GENERAL PROBLEM.
AIM OF THE STUDY

Reviewing this topic, comprehensive-
ly assessing the state of previously un-
resolved aspects, it is advisable to focus
on the leading role of rapidly developing
technologies, transformations of climat-
ic parameters, ecological and biological
changes of objects. Against the back-
ground of modifications of abiotic factors,
the improvement of certain links of the
physiological and biochemical state of the
body of hydrobionts occurs. The moment
of “physiological compliance”, adaptation
of hydrobionts to those abiotic and biotic
factors that create a certain habitat is im-
portant. At the same time, the problem of
monitoring both natural and artificial wa-
ter areas, transformed ones, including the

00XiJTHOCTI pO3pOOKH pEeKOMEHAIlIl IT0-
JIMIIEHHS cuTyanii y MaiOyTHbOMY.

3a Oy/b-sAKOi KIHIIEBOT METH (TIpe/ICTaB-
JICHHS OOTPYHTYBAHHS OTPUMAHUX PE3yIib-
TaTiB, po3p0o0Ka METOJINYHHUX PEKOMEH]Ia-
1ii 110/10 TOMIMIIEHHS CTaHy BOJHOTO Ce-
pPENOBUINA, PO3MIMPEHHS a00 cradimi3arii
IXTIOIIEHO3Y, MiJABUIICHHA €()EeKTUBHOCTI
BUPOOHHMIITBA TPOAYKII aKBaKyJIBTYPH,
301IbIIEHHsS] MPOAYKTUBHOCTI abo Bif-
TBOPIOBAJILHOI 37IaTHOCTI, aJanTamiiHuX
MOXKITUBOCTEH, PE3UCTEHTHOCTI OPraHi3My
riIpoOIOHTIB), HEOOXITHUM € TPOBEICHHS
KOMILJICKCHUX JIOCIIKEHb CTaHy (DYHKIi-
OHAJILHOI aKTUBHOCTI OpraHi3My 00’€KTa,
SIKMII BUBYAETHCS, aHANI3y SIKOCTi cepe-
JIOBUIIA, JI¢ BiH TNepeOyBa€e, CIPHUSITIHBO-
CTi YMOB JIJIsl BiITBOPCHHS, HAKOTUYCHHS
MacH Tita Toio. KirodoBy posib B OKpec-
JICHHX Tpolecax Mae (izioaoriuHui cTaH
OpraHi3My 3 BIIITOBITHAM MEXaHI3MOM pe-
TYJSILT IPOIECiB KUTTEAISIBHOCTI T1Ipo-
O10HTIB, BiJ] IKOTO HAJIAJTI BIAMITOBXYETHCS
(dbopMyBaHHS HACTYIHUX, HE MCHII BaX-
JIUBUX TIApaMETPIB.

BUAIVIEHHSA HEBUPIIIEHUX
PAHIIIE YACTHH 3ATAJIBHOI
INPOBJEMMU. META POBOTH

Posmisimaroun naHy TeMaTHKy, KOMII-
JIEKCHO OIlIHIOIOYM CTaH HEBUPIINIEHUX
paHile acrnekTiB, JOLIJIbHO aKIICHTYBaTH
yBary Ha IpoBiIHI{ poJIi came TeXHOJIOTiH,
0 CTPIMKO PO3BUBAKOTHCS, TpaHCPOp-
Maliil mapameTpiB KJIIMaTu4HOIO CTaHY,
€KOJIOro-0iooriuaMx 3MiH 00’ekTiB. Ha
¢dhoni Momudikamiii abiOTHYHUX YUHHUKIB
BiJIOyBA€THCS YIOCKOHAJICHHS TIEBHUX Jia-
HOK ()i310710r0-010XiMIYHOTO CTaHy Opra-
HI3MY Ti{po0ioHTIB. BakTMBUM € MOMEHT
«(i310JI0T19YHOT BiJMOBITHOCTI», aganTarii
ripoOioHTIB 10 THX a0iOTHYHHMX Ta 0io-
THYHUX YHHHHKIB, 5IKi CTBOPIOIOTH TICBHE
cepeqoBHIIe icHyBaHHs. [Ipu IboMy aKTy-
aJbHUM € TTUTaHHS MOHITOPHHTY, SIK MPH-
POJHMX aKBaTOpiH, Tak i MTYy4YHUX, TPaH-
c¢(hopMOBaHUX, B TOMY YHCJIi YMOB BHPO-
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conditions for growing hydrobionts in re-
circulating aquaculture systems (RAS), of
the tank type, is important. Such studies
predict the availability of high adaptation
capabilities of hydrobionts to innovative
solutions, which is currently relevant. In
the context of feeding conditions, in par-
ticular, with biologically active substanc-
es, a complex combination of several tech-
nological elements, this topic has practical
significance. One of the tasks for scientists
and practitioners is the selection of such
a method of rearing, which will ensure
high resistance of the body of hydrobionts
to negative factors of influence in natural
conditions, during cultivation (rearing) in
RAS, as well as in stagnant conditions,
natural water areas, reservoirs, or before
stocking to transformed reservoirs. In any
situation, in the process of adaptation, the
body of hydrobionts must show a level of
compensatory mechanisms to the oper-
ating factors. Under such conditions, the
functional system actively involves all
synthetic processes at various levels, in-
cluding enzymes of energy, protein, carbo-
hydrate and phosphorus metabolisms, etc.
It is worth noting that based on the level
of activity of a complex of enzymes and
hormones, it is possible to develop reason-
able conclusions about the adequacy, and
what is no less important, the timeliness of
the appropriate reactions of the organism
of hydrobionts to the action of abiotic and
biotic factors.

Taking into account the presented in-
formation on the topic, in order to fully
disclose the selected problem, the tasks
were as follows: to carry out a comprehen-
sive analysis and comprehensively consid-
er the main aspects of the development of
the resistance of the body of hydrobionts
under the influence of various factors. To
reveal the mechanism of action of the main
physiological and biochemical processes
in the context of understanding the func-
tionality of the body of hydrobionts in gen-

IIyBaHHs a00 MiJIPONICHHS T'iIpOOIOHTIB B
penupkyssiiiaux cucremax (PAC) baceid-
HOBOTO THITY. TaKi JTOCIiDKeHHS Tiepetoa-
YalOTh HAsSBHICTh BHCOKHX aJamlTalliifHUX
MOYKJIMBOCTEH T1JIpOOI0OHTIB /10 1HHOBAITIH-
HUX pillIeHb, L0 3apa3 € aKTyaJbHUM. Y
KOHTEKCTI YMOB TIATOMIBII, 30Kpema, Oi-
OJIOTIYHO aKTUBHUMH PEUOBHHAMH, KOMII-
JICKCHOTO TIOETHAHHS JEKITBKOX TEXHO-
JIOTIYHUX €JIEMEHTIB, JlaHa TeMaTHKa Mae
npakTHYHE 3HaueHHs. ONHIE0 3 33/1a4 , 110
[OCTAE Mepe]] HAYKOBIIMH, TPAKTUKAMHU, €
mia0ip caMe TaKoro Crocoly MiAPOIIeHHS,
SIKMI 320€31eUUTh BUCOKY PE3UCTCHTHICTh
OpraHi3My TiZpOoOiOHTIB 10 HETaTHBHUX
YMHHUKIB BIUIMBY y HPUPOTHHX YMOBAX,
npu BHpoIlryBaHHi (migporienHi) y PAC,
a TaKOXX y CTaBOBHX YMOBAaX, MPHPOIHUX
aKBaTOPISX, BOJOCXOBUINAX, a00 mepe;] 3a-
pubIeHHAM TpaHC(HOPMOBAHHUX BOJIOWM.
VY Oymp-sIKili cuTyarlii B mporieci ajamnTa-
il OpraHi3sM TipoOIOHTIB Ma€e MPOSBUTH
piBEHb KOMITCHCATOPHUX MEXaHi3MIB [0
JUIOUMX YMHHHKIB. 3a TaKUX YMOB (DyHK-
[IOHAJTbHA CHCTEMa aKTUBHO 3aJy4a€e BCi
CHUHTETHYHI TPOLECH Ha Pi3HUX PIBHSX, B
TOMY YHCII 1 ()EpPMEHTH EHEPreTHYHOTO,
01IKOBOTO, BYIJIEBOIHOTO Ta (hochopHOTO
0oOMiHIB Tomo. Bapro 3a3HaumTH, 110 32
piBHEM aKTHBHOCTI KOMIUIEKCY (hepmeH-
TiB, TOPMOHIB MOXHa (pOpMyBaTH OOTPyH-
TOBaHI BHCHOBKM OO aJICKBaTHOCTI,
Ta 10 HE MEHII BaXKITMBO, CBOEYACHOCTI
BIJIMOBIIHUX peakKiliii opraHiamy Tripo0i-
OHTIB Ha aif0 a0lOTUYHUX Ta OIOTHUYHUX
YUHHUKIB.

BpaxoByrouu mnpencraeieHy iH(popma-
IiI0 32 TEMAaTHKOIO, 3 METOIO IOBHOTO PO3-
KPHUTTS 0OpaHOTO IMUTaHHS, 3aBIaHHS OyITH
HACTYITHUMU: 3IHCHUTH KOMILICKCHUI
aHali3 Ta BCEOIYHO PO3MISHYTH OCHOB-
Hi acnekTu (popMyBaHHSA PE3UCTEHTHOCTI
OpraHi3My TiJJpoOiOHTIB 32 YMOB BIUTUBY
PI3HUX YMHHUKIB. PO3KpUTH muTaHHS Me-
XaHi3My Jii OCHOBHHX (hi3ionoro-6ioxi-
MIYHUX IPOIECIB B KOHTEKCTI PO3yMIiHHS
(YHKIIIOHAJILHOCTI OpPTaHi3My TiApoOioH-
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eral. To summarize the basic concepts and
presented judgments regarding the activity
of metabolic processes, regulation of enzy-
matic activity in the body of hydrobionts
against the background of the influence of
abiotic and biotic factors, taking into ac-
count the time factor, modern conditions
of parameter transformation.

STUDY RESULTS AND THEIR
DISCUSSION

Analyzing the results of scientific and
experimental studies by the author of this
article and other scientists, attention should
be paid not only to the actual parameters of
hydrobionts under the conditions of study-
ing the influence of a certain factor, but also
to the physiological and biochemical mech-
anisms of regulation of metabolic processes
[1,2,4,6,16]. When interpreting the selected
marker parameters of the functional state of
the body or developing reasonable conclu-
sions, complexity is also given by under-
standing the leading links in the course of
a particular process, as a result of which the
entire functional system in the body of the
object being studied is adjusted.

In aquaculture, such scientific experi-
ments are mostly devoted to the study of
the influence of the feed factor, conditions
of cultivation, growth of hydrobionts, as-
sessment of the favorable hydrochemical
environment of a certain water area, com-
parative characteristics of the effectiveness
of the influence of abiotic and biotic fac-
tors, etc. One of the vectors of research
on the analysis of the effectiveness of the
implementation of most cases of improve-
ment of feeding conditions are physiolog-
ical and biochemical experiments of enzy-
matic activity, the state of the gastrointesti-
nal tract of hydrobionts [22 — 25, 40].

Any organism is a functionally active
system that responds to an action (for it, it
is a threshold, suprathreshold force stimu-
lus). As a result, all processes at different
physiological and biochemical levels are

TiB 3arajgoM. Y3araibHUTH 0a30Bi TOHATTS
Ta NPEJCTaBleHI CY/DKEHHS I0/I0 aKTHB-
HOCTI METaOOJIIYHHUX TIPOIIECIB, PETYITFO-
BaHHS (DepPMEHTATHBHOI aKTHBHOCTI B Op-
raHi3Mi Tipo0OioHTIB Ha (P)OHI YMOB BILIH-
By a0i0THYHUX Ta OIOTHYHHUX YMHHUKIB 3
BpaxyBaHHSAM (aKTOpy 4dacy, Cy4acHHX
YMOB TpaHcGopMallii mapamMeTpis.

PE3YJIIBTATH AJOCJIIAXEHDb
TA IX OBTOBOPEHHS

AHAI3YyHOYM OTPHMaHI aBTOPOM JIAHOT
CTaTTi Ta IHIIMMHU HAyKOBISIMH DPe3yJbTa-
TH HAyKOBO-CKCIICPHIMCHTAILHUX  JOCIHi-
JOKeHb, 3BEPHEMO YBary HE JIMIIC Ha (ak-
TUYHI TIapaMeTpu TiIpoOIOHTIB 3a yMOB
BUBYCHHS BIUIMBY NEBHOTO YWMHHUKA, a i
Ha (Di3io0ro-0ioXiMiYHI MEXaHi3MH pPery-
nsimii Metabommiuaux mporecis [1, 2, 4, 6,
16]. 3miliCHIOIOUM IHTEpIpETAaIlii0 00paHnuX
MapKepHUX MapaMeTpiB (PyHKI[IOHATLHOTO
CTaHy OpraHiaMy abo (opMmyrouw OOIpyH-
TOBaHI BUCHOBKH, KOMIUIEKCHOCTI HaJ/Ia€ Ta-
KOXX 1 pO3yMiHHS TIPOBIIHUX JIAHOK Tiepediry
TOTO YH IHIIIOTO TIPOLIECY, B PE3YIBTATI IKOTO
BiZIOYBa€ETHCS KOPETYBaHHS 11101 (PyHKITIO-
HaJIbHOT CCTEMH B OpraHi3Mi 00’ €KTa, SKUii
JIOCITIJKYIOTb.

B akBakynberypi Taki HayKOBO-IOCIHIiJIHI
EKCIIEPUMEHTH 3/IeOUTBIIOT0 € JTOTHYHHUMHU
IO BUBYCHHSI BILIMBY KOPMOBOTO YHHHUKA,
YMOB BHPOIIyBaHHSI, MiPOLICHHS T11po0i-
OHTIB, OLIHKU CIPUATIUBOIO TiIpOXiMiy-
HOTO CepeJIOBUINa TIEBHOI aKBaTopii, Io-
PIBHSUTBHOT XapaKTEPUCTUKU €(DEKTUBHOCTI
BIUTMBY a0l0THYHUX, OIOTHYHUX YMHHHUKIB
tomo. OIHUM 13 BEKTOPIB JOCHIHKEHHS
I0/I0 aHaNi3y €()EeKTUBHOCTI BITPOBA[KEH-
HS1 OUIBIIOCTI KEHCIB yIOCKOHAJICHHS YMOB
MATONMiBII € (i310I0ro-010XiMiYHI eKcIie-
pUMEHTH  (PepPMECHTATHBHOI ~aKTUBHOCTI,
CTaHy IUTYHKOBO-KHIIIKOBOTO TPAKTy B Op-
rafi3mi ripoOioHTiB [22-25, 40].

Bynb-sikuii oprafizm € (QyHKI[IOHATb-
HO-aKTHBHOIO CHCTEMOIO, SIKa HAJa€ Bif-
MOBI/Ib Ha Air0 (s HEl 1e € MOJpa3sHUK
[IOpOroBOi, HaAMOpPOroBoi cuiu). B pe-

PHYSIOLOGY AND BIOCHEMISTRY



0. HONCHAROVA

regulated by the neurohumoral system. At
the same time, each vector has a specific
influence, which depends on the nature of
the occurrence and the final goal. For ex-
ample, in the study of metabolic process-
es, there are basic marker parameters that
allow assessing the activity of metabolism
(protein, carbohydrate, lipid, mineral ex-
changes), as well as analyzing the level
of enzymatic activity (substrate inhibitory
specificity, enzyme systems of the gastro-
intestinal tract (canal), muscular part, etc.).
Already as a result, based on the obtained
data, it will be appropriate to investigate
the rate of weight accumulation, the lev-
el of average daily growth of hydrobionts,
etc. Adhering to this algorithm of actions,
the body of hydrobionts can be consid-
ered as a multi-level complex functional
system, the links of which are sequential,
sometimes have correction with different
parameters,  physiological-biochemical
processes, and regulation mechanisms.

The level of plasticity of a certain spe-
cies of hydrobionts has effect on its adap-
tation to environmental conditions, to the
action of a certain factor, as well as the
possibility of reproduction, reaching the
commercial weight of optimal parame-
ters. Under the conditions of maintaining
the viability of juvenile hydrobionts and
the development of ichthyofauna in con-
ditions of man-made pressure, one of the
main factors that determines the level of
survival of fish seeds, especially during the
adaptation period after introduction, is the
influence of predatory species of hydrobi-
onts [26, 27].

Neuro-secretory innervation of the
vegetative centers occurs through the hy-
pothalamus — neurohypophyseal and
hypothalamus — adenohypophyseal sys-
tems, which together constitute the hypo-
thalamus — pituitary system in the body
of hydrobionts (Fig. 1).

Before reviweing the classification and
role of some hormones in more detail, it

3yJbTaTi, Ha pi3HOMY (hi3i0NOTIYHOMY, Oi0-
XIMIYHOMY PiBHI BCI IPOIIECH PETYIOIOTh-
cs HEHpOTyMOpaIbHOIW cucTtemoro. [Ipu
L[bOMY KOXXHUI BEKTOp Ma€ crenu(piuHiCTh
BIUIMBY, SIKa 3QJIC)KUTH B MPHUPONU BU-
HUKHEHHS Ta KiHIleBOi MeTH. Hampukias,
TIPH JIOCITIJKEHHI MeTa00IIYHUX TPOIIECIB
€ OCHOBHI MapKepHi MapaMeTpH, sKi HaJa-
IOTh MOYKJIUBICTH OL[IHUTHA aKTUBHICTH Me-
Taboi3My (O1IKOBOTO, BYIJIEBOAHOTO, Ji-
ITiJTHOTO, MiHEPaJILHOTO OOMIHIB), 8 TAKOX
[IPOAHaNI3yBaTH PiBEHb (PEpPMEHTATUBHOL
aKTUBHOCTI (CyOCTpaTHO iHTi0yBaJdbHOI
cnenugiuHoCTi, (EPMEHTHUX CHCTEM
[IUTYHKOBO-KHIITKOBOTO TPakTy (KaHaIy),
M’SI30BOi 4acTWHU ToIlio). Bike sk pe-
3yJbTaT, CIIMPAOYNCh HA OTPUMAaHI JaHi,
JOUITBHUM Oyzie OCHIAUTH IIBUAKICTD
MaCOHAKOITMYCHHS, PIBEHb CEPEIHBOMIO-
00BUX MPUPOCTIB TiJPOOIOHTIB TOIIO.
JIOTpUMYIOUHCh TaKOTO aJTOPUTMY JiH
,OpPraHi3M TipoOiOHTIB MOXKHA PO3IIsia-
TH SIK OaratopiBHEBY CKJIaJHY (YHKIIO-
HaJIbHY CHCTEMY, JIAaHKH SIKOI € ITOCIIi/I0B-
HUMH, THOII MarOTh KOPEKI[I0 3 PI3HUMH
napaMerpamu,  (izi010ro-610XiMiYHUMH
MporecamMu, MexXaHi3MaMH PETYJISIII.

Bin piBHA MIaCTUYHOCTI MEBHOTO BUILY
T1IPOOIOHTIB 3aJICKUTh HOTO aamnTaltisi J10
YMOB CEpEe/OBHIIA, O Aii MEBHOTO YHH-
HUK4, a TaKO)X MOXKJIMBICTh BIJITBOPCHHS,
JIOCSTHEHHSI TOBapHOI MacH OINTHUMaJIbHHUX
napaMeTpiB. 32 YMOB MIATPUMAHHS KHUTTE-
3AATHOCTI MOJIOZI TiApoOioHTIB Ta (hopmy-
BaHHS iXTiohayHH B YMOBAaX TEXHOTCHHOTO
HABAHTAXKCHHS OJIHAM i3 OCHOBHUX YMHHU-
KiB, SIKH{ BHU3HAYa€ PiBEHb BIKUBAHHS T10-
CaJIKOBOTO MaTepiaiy, OCOOIUBO MPOTATOM
aJlanTanifHoOro Mepiofy MiCHIs THTPOIYKITIT,
€ BIUIUB XWKUX BB T1iApOOIOHTIB [26, 27].

HeiipocekperopHa iHHepBaillis Berera-
TUBHUX IIEHTPIB BiI0yBa€ThCA uepes rinora-
JaMo-HewporinodizapHy Ta TinoTaizamo-a-
JICHOTINO(I3apHy CUCTEMH, IO Y CYKyI-
HOCTI 1 SIBJISTIOTH TiMOTajaMo-TinmodizapHy
CHCTEMY B OpraHi3Mi ripo0ioHTiB (puc. 1).

[lepen tuM, SIK pO3TIISIHYTH OLTBIN Jie-
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hydrochemical,
hydrobiological,
temperature regimes

Lateral line seismic sensor system
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Hypothalamic-neurohypophyseal system
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Fig. 1. Flow chart of neurohumoral regulation in fish body: hypophysis — hor-

mones — blood (developed by the author)

will be appropriate, as an example, to ana-
lyze the mechanisms in fish body, which
work as a whole coordinated system. The
basic physiological and biochemical pro-
cesses determine the physiology of hy-
drobionts in general, their productivity,
reproductive capacity, and the speed of
development in ontogeny. Physiologically,
it is reasonable that all processes are based
on the reflection and processing of signals
arriving to a specific target cell, receptor
field, or other “place of information analy-
sis and synthesis.” The target organs in the
body can be the adrenal glands, kidneys,
hematopoietic organs, the nervous system
itself, and the immune system. For exam-
ple, when hydrobionts are under the influ-
ence of negative factors of the ecosystem
(pollution, man-made pressure, intoxica-
tion, etc.), such substances and compounds
penetrate through cells, organs, organ sys-
tems to the digestive, respiratory, excreto-
ry systems, etc. In turn, the restructuring
of metabolic processes and homeostatic
balance in general occurs according to the
“chain” reaction with the vector of preser-
vation of vital functions in hydrobionts [32
—-35,39].

TambHO KiacH(DIKaIilo Ta PONb JSSKUX
TOPMOHIB, B SIKOCTI MPHUKIALY, IOLITb-
HUM Oyle MpoaHaTi3yBaTd MEXaHi3MH
B Opraismi pu0, SIKi CIPalbOBYIOTh SK
3nmarojpkeHa cucrema. Otke, 0a3oBi (Bizi-
0JI0r0-010XiMiuHI MpPOIECH BHU3HAYAIOTH
3arajioM (i3ioJorit0 T1IPOOIOHTIB, IXHIO
MIPOAYKTUBHICTh, BiJTBOPIOBAJIbHY 3/aT-
HICTb, IIBUJIKICTh PO3BUTKY B OHTOTCHE31.
@i3i0/10TiYHO € OOTPYHTOBAHHUM, IO BCI
mporecu 0a3yroThest Ha peduiekcii Ta 00-
poOIIi CUTHAIB, SIKI HAJXOJSATh J0 MEBHOL
KIIITHHH-MIIICH], PEIIENITOPHOTO MOoJist abo
IHIIIOTO «MicLg aHaJlizy Ta CHHTe3y iH(Op-
Marii». OpraHaMH-MIIIEHSIMHU B OpraHi3Mi
MOXYTb OyTH HAJHUPHUKU, HUPKH, KPO-
BOTBOPHI OpraHH, BJacHE HEPBOBA, IMYH-
Ha cucteMa. Hampukiaz, koiau rigpo6ioH-
TH 3HAXOMSATHCS ITiJ] BIUINBOM HETaTUBHHUX
YUHHUKIB ~ E€KOCUCTEMH  (3a0pyJHEHHS,
TEXHOTCHHE HaBAHTAKCHHS, IHTOKCHKAIis
Ta iH.), Bi10yBA€THCS MPOHUKHEHHS TaKUX
PEUYOBHH, CIIONYK Yepe3 KIITHHH, OpraHy,
CHCTEMH OpTaHiB PEYOBHH 10 TPaBHOI,
JIMXAJLHOI, BUAUIBHOI CHCTEMH TOIO. B
CBOIO YEpry, 33 «IAHIFOTOBOIOY» PEAKIIIE0
PO3TOYMHAETBCS TIepedyaoBa MeTadoiy-
HUX TPOIIECIB Ta 3arajjoM roMe0CTaTUYHOT
PIBHOBAru 3 BEKTOPOM 30€pEIKCHHS KUTTE-
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All processes in fish body occur direct-
ly based on unconditional and conditioned
reflexes. For this, every organism, without
exception, has a reflex arc [19,20]. This
anatomical structure consists of specific
links, groups, formations including: re-
ceptor; sensitive (afferent) neuron; central
nervous system (CNS), interneuron; motor
(efferent) neuron; working organ (muscle,
gland, etc.). In this context, the neurohu-
moral effect on certain organs and the func-
tioning of systems is decisive. In general, it
should be noted that hydrobionts are func-
tionally active in certain hydrochemical,
hydrobiological and other conditions, de-
pending on the strength of stimuli, which
exert a permanent or variable influence on
individual systems (Fig. 2).

Generalized factors, which affect the
functional state of the body of any hyd-
robiont, have a certain species specificity,
depend on the conditions of cultivation,
biological and economic pecularities of
the objects of study. At the same time, the
plasticity and inertness of nerve centers in
the body of hydrobionts, the level of gen-
eration of specific biologically active sub-
stances in the bloodstream, etc. are impor-
tant [36, 37, 38].

Thus, the regulation of metabolic pro-

Climat change

Physiological system

BUX (pyHKII# y rigpodionTis [32-35, 39].

Peasizarist Bcix mpoleciB B OpraHi3Mi
puo 37iicHIOETRCS Ge3mocepe/IHbO Ha 0asi
0e3yMOBHUX Ta YMOBHUX pediekciB. Jlis
[ILOTO B KOYKHOMY OpTaHi3Mi, 0€3 BHHATKY,
€ pednextopna nyra [19, 20]. Lle anaro-
MiYHE CTPYKTypHE YTBOPCHHS CKJIaIa€Th-
cs 31 crnenupivYHUX JAHOK, YIpYyIyBaHb,
YTBOpEHb, 30KpEMa: pEIENTOop; UyTIH-
Buil (adepeHTHU) HEHPOH; LEHTpab-
Ha HepBoBa cucrema (IIHC); BcraBHUi
HEHpoH; pyXoBUil (edepeHTHHIT) HEHPOH;
poGouwmii opran (M’si3, 3ay03a Tom). B
JTAHOMY KOHTEKCTi HelporymopanabHuit
BILIMB Ha TICBHI OpraHu, (PyHKI[IOHYBaHHS
CHUCTEM € BU3HAYaJIbHUM. 3arajiom, Clif
BIIMITUTH, IO TiIpOOIOHTH € (YHKIIIO-
HaJIbHO-aKTUBHUMH B IEBHUX T1IpOXiMiy-
HUX, T1IPOOIONOTIYHUX Ta THIIUX YMOBaX
B 3aJICKHOCTI BiJl CUIM MOAPAa3HUKIB, AKi
YUHATH MMOCTIHHMIA a00 3MiHHUH BIUTUB Ha
OKpeMi cucTeMu (puc. 2).

BesymoBHO, y3aranpHeHI YMHHHUKH, 10
BIIMBAIOTh HAa (DYHKLIOHAJIBHUMA CTaH Op-
raHi3My OyJIb-sIKOTO TiJIpo0OiOHTa, MaroTh
MeBHY BHJOCTEUU(DIYHICTD, 3aJeKaTh Bij
YMOB KyJIbTHBYBaHHS, 010JIOTTYHO-TOCIIO-
JIAPCHKUX 0COOMMBOCTEH 00’€KTIB MOCIi-
keHHA. [Ipy mboMy BaXKIIMBHM € TIIac-
TUYHICTb Ta IHEPTHICTh HEPBOBUX LIEHTPIB
B OpraHi3Mi T1IpOOIOHTIB, piBEHb IeHEepa-

Ecological responce

N

Temperature ‘ reproduction
Homeostasis
Oxygen | @
Neurohumoral development
system

adaptation

Fig. 2. Generalized factors that affect the overall functional state of the hydrobi-

ont body (developed by the author)

ISSN-L 2075-1508 FISHERIES SCIENCE OF UKRAINE « Ne 2/2023

93




ASPECTS OF NEURO-HUMORAL REGULATION OF FUNCTIONAL ACTIVITY IN THE ORGANISM
OF FISH UNDER THE INFLUENCE OF ABIOTIC AND BIOTIC FACTORS (A REVIEW)

cesses is one of the important parameters
that depends on a considerable number of
factors. For example, the ecological con-
ditions of the water area are directly cor-
related with the ability of the fish body
to provide neurosecretory innervation of
the vegetative centers of the brain and the
limbic system in response to each of the
stimuli (hydrochemical parameters, troph-
ic pecularities of the water area, etc.).

It is common knowledge to understand
the actual essence of neurohumoral regu-
lation of physiologically important pro-
cesses in the body of hydrobionts, which
takes place through the medulla oblongata,
middle cerebellum, intermediate and ante-
rior parts of the brain. Thus, depending on
the dominant, the impulse reaches a certain
part of the brain of hydrobionts, after which
it is processed, transformed, synthesized
and innervates the body system through
afferent, efferent, feedback neurons and
synapses [19, 20, 21]. In the context of
neurohumoral regulation of the functions
of hydrobionts, it is also worth mentioning
the physiological processes that shape, for
example, the reproductive capacity of hy-
drobionts in response to the factor of the
aquatic environment where they are (oxy-
gen concentration, temperature, pH, etc.).
Among such vital processes, the matura-
tion of fish gonads, the transition of gonads
from the final IV and V stages (readiness of
fish to ovulation) should be noted. Today,
in the conditions of climatic transforma-
tions, this becomes especially relevant. An
important condition for the full implemen-
tation of each of the described processes is
the presence of the entire complex of fac-
tors for creating a favorable environment
in the water area. In particular, the absence
of at least one makes the decisive effect of
the next one impossible. Therefore, syn-
ergistic activity of the complex of all pa-
rameters, balancing and compliance with
the maximum permissible limits of each of

mii crenu@iqHnX O10JIOTIYHO aKTHBHUX
PEUOBUH Yy KPOB’SIHOMY pycii Tomo [36—
38].

TakuM YHHOM, PETYIIOBaHHS METabo-
JIYHAX TIPOIECIB € OJHUM 13 Ba)KIIUBUX
napameTpiB, SKAH 3aJICKUTh Bil YMMaIIOL
HU3KM YWHHWKIB. Hanpukianm, exoyoriv-
Hi YMOBH aKBaTOpIii MPsIMO KOPEIIOIOTh i3
3JIATHICTIO OpraHi3My pHO 3a0e3NeUuTH
HEHPOCEKPETOPHY IHHEPBALlil0 BEreTaTHB-
HUX [IEHTPIB MO3KY Ta JIIMOIUYHOT CHCTEMH
y BIANOBib HA KOXKHUH 3 TOAPA3HUKIB
(rigpoximivHI TapameTpH, TpodidHi 0co-
OIMBOCTI aKBaTOPIii TOMIO).

3arajabHOBIZIOMHM € PO3YMIiHHS BIac-
HE CYTHOCTI HEHpOryMopaibHOI perys-
i (i310J0TIYHO BAKIMBHX IPOIECIB B
opraHismi TiipoOioHTIB, sika BifOyBaeTh-
csl yepe3 JOBracTUH, CepeHii, MO30YOK,
MIPOMIXHUH 1 IepeAHii BTN TOJTOBHOTO
MO3Ky. Tak, B 3aJIeKHOCTI BiJl JIOMIHAHTH,
IMITYJIbC HAJXOAUTH JI0 TIEBHOTO 3 BiJUIIIIB
MO3KY TiJJpOOiOHTIB, IMiCIs YOro 00pooIIs-
€ThCsI, TPaHC(HOPMYETHCS, CUHTE3YETHCA
Ta yepe3 apepeHTHI, eepeHTHI, HeHpOoHH
3BOPOTHBOTO 3B’ 513Ky Ta CHHAIICH IHHEPBYE
cuctemy oprasizmy [19-21]. B xoHTekcTi
HelporymopanbHoi  perymamii  (yHKIiH
riIpoOIOHTIB BapTO 3raJiaTh i (i3i0N0TiyHI
mpouecH, ki GopMyIoTh, HAIPUKIA[, Bif-
TBOPIOBAJIBHY 3IaTHICTH, PETPOTYKTUB-
HICTb T1IpOOIOHTIB y BiAMOBIb HA YUHHUK
BOJJHOTO CEpeIOBHINa, /I¢ BOHU mepedyBa-
I0Th (KOHIIGHTpALlis KUCHIO, TEMIIepaTypa,
pH tomo). Cepen Takux >KUTTEBOBAXKIH-
BUX IPOLECIB CIIiJ] BIIMITUTH J03DiBaHHA
CTaTeBUX MPOAYKTIB pHO, Tepexia cra-
TEBUX 3aJ103 JI0 3aBepmianbHux IV Ta V
cramiii (rotoBHICTE pub 10 oByislii). Ha
CBOTOJHI, B YMOBax KIIMAaTHYHHUX TpPaH-
chopmartii, e HabyBae 0COOIMBOI aKTY-
aJbHOCTI. BaXKITMBOIO YMOBOIO MTOBHOI pe-
aJri3aiii KOKHOTO 3 OKPECICHHX MPOIIECiB
€ HAsIBHICTh B aKBaTOPii BCHOI'0 KOMILIICKCY
YUHHUKIB [UIT CTBOPEHHS CIIPHUSATIHNBOTO
cepeqoBuIa. 30KpeMa, BiJICYyTHICTh XOda
OM OIHOTO YHEMOXIIMBJIIOE BHPIIIATBHY
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them is extremely important. According to
the parameters of ecological tolerance (the
ability of the fish body to adapt to changes
in environmental conditions), it is possible
to conduct complex studies, to substantiate
the obtained results in specific abiotic and
biotic conditions.

Therefore, the secretion of hypotha-
lamic releasing hormones in response to
the action of any stimulus contributes to
the activation of the hypothalamic-pitu-
itary system, which in turn ensures the
transport of biologically active substances
to the adenohypophysis. At this moment,
the releasing factor is activated and the
synthesis and secretion of the correspond-
ing tropical hormones by the peripheral
(endocrine) glands of hydrobionts takes
place. The basic aspects of such a complex
physiological and biochemical process are
decisive in ensuring homeostatic balance
in the body.

Gonadotropic hormone (follicle-stimu-
lating and luteinizing (glycoprotein)) has a
direct effect on the reproductive function
of fish males and females, particularly on
the development of eggs and sperm. In fe-
males, under the influence of follitropin,
the development and maturation of folli-
cles in the ovaries (oogenesis) occurs, in
males - the development and maturation
of sperm (spermatogenesis). It is definite-
ly worth emphasizing that, in addition to
the neurohumoral regulation of the se-
cretion of releasing hormones, the course
of all other processes is reflected in the
composition and morpho-functional char-
acteristics of blood. In particular, blood
provides transportation of hormones to tar-
get organs and other systems. The level of
their concentration and the speed of such
biochemical reactions depends on a whole
complex of factors. At the same time, there
is a certain correlation with the qualitative
and quantitative characteristics of both the
environment and the objects located in a

JIiF0 HACTYIMHOTO. ToMy, BKpail BaKITUBOIO
€ CHHEpriYHa aKTHBHICTb KOMIUIEKCY BCiX
napaMeTpiB, OaJaHCyBaHHS Ta BiIIOBII-
HOCTI TPaHUYHO JIOMYCTUMHM MEkKam
KO)KHOTO 3 HHX. 3a IapameTpaMu eKoJo-
T1YHOI TOJIEPAHTHOCTI (3aTHOCTI OpraHis-
My pU0 aJanTyBaTUCs JIO 3MiH YMOB cepe-
JIOBHUINA) MOXKHA TPOBOJMTH KOMILICKCHI
JIOCITIJDKEHHSI, OOTPYHTOBYBaTH OTpUMaHi
pe3yIbTaTh B KOHKPETHUX a0iOTUYHHUX Ta
O10THYHUX YMOBaX.

Otxe, cekpelis rinoTrajaMidHuUX pHU-
JI3WHT-TOPMOHIB Yy BIJNOBiIh Ha IO
Oy/b-sIKOTO MOAPA3HHUKA CIPUSIE aKTUBAIIIi
rinoTajaMo-rinoizapHoi CHCTEMH, sKa,
B CBOIO 4epry, 3a0es3ledye TPaHCIOPTY-
BaHHS OIOJIOTIYHO aKTUBHUX PEYOBUH [0
azeHorinodizy. B nieit MoMeHT miaKitoua-
FOTBCSl PWITIBHHT-(PAKTOp 1 BiAOyBa€eThCs
CHHTE3 Ta CEKpELisl BIAMOBITHUX TPOIMHUX
TOPMOHIB TEepUPEPUIHUMHU  (CHIOKPUH-
HUMH) 3ai03aMH TigpoOioHTiB. ba3osi
ACTIEKTH TaKOTO CKIIQIHOTO (Hi31010T0-010-
XIMIYHOTO TIPOLIECY € BU3HAYAIbHUMU TPH
3a0e3IeueHHl TOMeOCTaTHYHOI PIBHOBAru
B OpraHi3Mmi.

Ha BiaTBOproBasibHY (QYHKINIO caM-
1[iB Ta caMOK pub Oe3rnocepenHil BIUIMB
YUHHUTh TOHAJIOTPOITHUI TOpMOH ((oJi-
KyJOCTHMYJIIOIOUUN Ta JIFOTCIHI3YIOUHit
(TmikompoTein)), 30KkpemMa Ha (popMyBaH-
HSl IKpU Ta clepMH. Y caMOK Mif BIUIU-
BoM (oiiTponuHy BigOyBa€ThCS PO3BH-
TOK Ta JI03piBaHHS (DOJIKYIIB B S€UHUKAX
(oorenes), y camiiB — (OpMyBaHHS Ta
JI03piBaHHS CIEpMiiB  (CIepMaToreHes).
BesymoBHO, BapTO aKIIEHTYBATH, IO OKPIM
HelporymopanbHoi  perymsinii — cexperii
PWIIBMHT-TOPMOHIB, TIepedir BCiX 1HIIUX
MIPOIECiB BiJOOpaxkaeThCs Ha CKIaaAl Ta
Mop(ho-QyHKITIOHATBHIA XapaKTePUCTHII
KpoBi. 30KpeMa, KpoB 3a0e3reuye TpaH-
CIIOPTYBaHHS TOPMOHIB JI0 OpraHiB-Millle-
Hell Ta iHmuX cucteM. PiBeHb iX KOHIIEH-
Tpamii Ta MBUAKICTh TaKUX OlOXIMIYHUX
peakuiif 3aJeXUTh Bif LiJTOr0 KOMIUIEKCY
9iHHUKIB. [IpH 11bOMy BiJIOyBa€THCS TICB-
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specific water area. In the context of not
only physiological-biochemical, morpho-
logical or other, but also parameters of
hydrochemistry. For example, in the con-
text of the development of reproductive
capacity, during the maturation of gonads
in fish males and females, the rate of ox-
ygen consumption and release of carbon
dioxide and ammonia (as end products of
metabolism) will have a significant dif-
ference. Moreover, the conditions affect-
ing the functional state of the hydrobiont
body will always contribute to a certain
correction of physiological and biochem-
ical processes. For example, the growth of
juvenile hydrobionts in a RAS will con-
tribute to the improvement of the resist-
ance of their body to the action of factors
after the stocking of water areas with such
juveniles, and the transformational signs
will be typical for introduced fish. Under
the conditions of the use of adaptogens,
dietary supplements, the body of grown-
up juveniles will have a high resistance
to new factors of the aquatic ecosystem
after stocking [6, 9, 16]. Currently, not all
breeding programs are rational in the con-
text of investment in additional resources
followed by stocking. Everything depends
on the type of hydrobionts, the conditions
of the natural water body and, in general,
on the purpose of such an event.

Thus, it can be concluded that the gen-
eral specific appropriate reaction of the
fish body creates a general background on
which all other reactions in the body of
hydrobionts develop and largely depend
on it. The ability of the fish body in a cer-
tain range to adapt to new conditions or to
respond to stress factors, sharp changes
in the parameters of the aquatic environ-
ment, largely depends on the complex of
individual physiological mechanisms, on
the level of resistance of their body [28].
Numerous studies by foreign authors re-
flect the important role of the adaptive

HUH KOPETSIIHUN 3B’ 30K 3 SIKICHUMH Ta
KUTbKICHUMH O3HaKaMHU SIK CEpeOBHIIA,
Tak 1 00’€KTIB, AKI 3HAXOAATHCS B KOH-
KpeTHill akBartopii. B koHTekcTi He nuie
(hi310J1010-010XIMIYHUX, MOP(OIOTIUHIX
abo 1HMUX, a H mapameTpiB rifpoximii.
Hanpuknan, B KOHTEKCTI (QOpMyBaHHS
BiJITBOPIOBAJIHOT 37[aTHOCTI, B MEPioj BU-
3piBaHHS CTATEBUX MPOIYKTIB Y CAMIIIiB Ta
CcaMOK pHrO MOKA3HUK CIIOKUBAHHS KUCHIO
Ta BWIUICHHS BYIJICKUCIIOTO Ta3y 1 amia-
Ky (SIK KiHIIEBUX NPOXYKTiB 0OMiHY) Oyre
Marty 3HauHy pizHumio. [Ipn gomy ymoBwH,
K1 BIUIMBAIOTh HA (DYHKI[IOHAJIBHUN CTaH
OpraHi3mMy TiJpoOiOHTIB, 3aBXIU OYyIyTh
CHPUSITH MEBHINH Kopekuii ¢izionoro-6io-
XIMIYHUX mporeciB. Hanpuknam, migpo-
mieHHs Moozl Tigpobiontie y PAC Oyxe
CIIPHUATH TIONIMIICHHIO PE3UCTEHTHOCTI
iX opraHi3My 10 Aii YMHHHKIB Micns 3a-
pHUOJICHHST TaKOK MOJIOJUIF0 aKBaTopii, a
TpaHcopMaliiiHi 03HaKM OyAyTb THIO-
BHUMH JUIsL IHTPOIYIICHTIB. 32 YMOB BHKO-
pucranns ananroreHiB, BA/liB, opranizm
MIJPOIIEHOI MOJIOAI OyJe MaTH BHCOKY
PE3UCTEHTHICTh JI0 HOBUX YMHHHKIB BOJI-
HOT €KOCHUCTEMH ITicisl 3apuOiieHHs [6, 9,
16]. Hapasi He BCi mporpaMu miJipoIeHHs
€ palioHAILHUMH B KOHTEKCTI 1HBECTHIIIH
B JIOJIATKOBI PECYpCH 3 HACTYITHUM 3apH-
OneHHsM. Bce 3anexxuTh BiJl BUIY TiIpo-
010HTIB, yMOB IPUPOJHOT BOJONMHU Ta B3a-
raJii BiJl IOCTaBJICHOT METH TAKOTO 3aXOJTy.

TakuM YUHOM, MOXKHA 3pOOUTH BH-
CHOBOK, 1110 3arajbHa crernudiuHa Bijmmo-
BiJ[HA peakIlisi OpraHiaMy puO CTBOPIOE
3arajJbHAN (POH, HA STKOMY PO3BHUBAIOTHCS
Ta BiJ SIKOrO 6araro B 4YOMY 3alieKaTh ycCi
IHIN peaxiii B OpraHi3Mi TiJpoOiOHTIB.
3naTHICTh OpraHizMy pu0 B NEBHOMY Jia-
Ma30HI aJIalTyBaTUCs JO HOBHX YMOB, a00
pearyBaTu Ha CTpeC-4MHHUKH, Pi3Ki mepe-
magy TapaMeTpiB BOXHOTO CEPEIOBHIINA
3HAYHOIO MIPOI0 3aJIE)KUTh BiJl KOMIUIEKCY
THIMBITyaTbHUX (PI310JIOTIYHAX MEXaHi3-
MiB, BiJl piBHSI pE3UCTEHTHOCTI IX OpraHis-
My [28]. UucneHHi JTOCTIKSHHS 1HO3EM-
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system in the hydrobiont body. Depending
on the influence of factors to which the
organism will be able to adapt or adapta-
tion will not occur, successive stages of
adaptation and compensatory reactions are
developed. Undoubtedly, stress can be one
of the body’s responses. According to the
definition of the phenomenon itself, stress
is a non-specific protective, adaptive, neu-
rohumoral reaction of the body in response
to the action of stimuli of different strength
and nature, which, in turn, can significant-
ly weaken indicators of homeostatic bal-
ance (homeostasis) [55-58, 59, 60, 61].
In this context, it should be noted about
the significant role of physiological and
biochemical processes of self-regulation
of the body of hydrobionts, its interaction
with the environment under the influence
of biotic and abiotic factors. Along with
the outlined markers, organs of the diges-
tive tract are also important indicators of
the functional state of the body. In the con-
ditions of stressful pressure on physiologi-
cal parameters and processes, a certain re-
activity is typical of the intestine, stomach
and digestive glands of hydrobionts, which
in turn is consistent with the reserves of
the general functional capacity of their
organism. It is well known that the study
of the level of adaptation mechanisms to
factors of various origins is one of the key
aspects for a comprehensive analysis of
the interaction of the hydrobiont body and
the aquatic ecosystem. In aquaculture, the
morphological and histological parameters
of hydrobionts are the most relevant in
such scientific and practical studies, along
with those outlined [28, 29, 30, 31].

The functional status of the hydrobiont
body is a kind of platform for the course
of complex processes at different levels of
organization, in particular, biochemical,
physiological, morphological, histological,
etc. During acclimatization of hydrobionts
to new conditions, adaptive and compen-

HUX aBTOPIB BiZI0OpaKarOTh BAKIIMBY POJIb
B Oprasiami ripoOiOHTIB ajanTtaiiifHoi
CHUCTeMH. B 3aJeXHOCTI BiJl BIUIMBY YWH-
HUKIB, 10 SKMX OpraHi3Mm Oyjae 371aTHUM
MIPUCTOCYBATHCS, a00 aJanTailis He Bif-
OyneTbes, 3A1HCHIOETECST (OPMYBAHHSI 110-
CJIIIJOBHUX €TallB aJanTariifHOo-KOMIIEH-
caTopHUX peakiiil. besyMoBHO, ofHi€IO 3
BIJIMIOBiJIEH OpraHi3My Moxe OyTH cTpec.
3a BU3HAYCHHHSM BJIACHE CAMOTO SIBUIIA,
cTpec sBIsie CO00K0 Hecenu(piuHy 3axuc-
HY, aJalnTUBHY, HEHPOryMOpalbHA peak-
Ii}0 OPTaHI3MY Y BIAMOBIH Ha JIIFO Pi3HUX
3a CHJIOIO Ta MPHUPOJIOI0 MOAPA3HUKIB, 1110,
B CBOIO Uepry, 3/[aTHI 3HAYHO MOCIa0IFOBa-
TH MOKa3HUKU TOMEOCTAaTUYHOI PiBHOBAru
(romeocrazy) [55-61]. B nanomy KoHTEK-
CT1 CJiJl BIAMITUTH 3HA4YHY POJIb (pi3iono-
ro-010XiIMIYHUX TIPOIECIB CaMOPEryJIsIlii
oprasismy rifipoOioHTiB, Horo B3aeMomii
3 HaBKOJIMIIHIM CEPEIOBHUIIEM ITiJl BILIH-
BOM O1OTMYHUX Ta a0iOTUYHUX YMHHHUKIB.
[opsin i3 okpecieHUMH MapKepamH, Op-
TaHU TPABHOTO TPAKTYy TAKOXK € BaXKIIU-
BUMHU 1HJIUKATOpaMu (yHKITIOHAIBHOTO
cTaHy oprai3amy. B ymoBax cTpecoBux
HaBaHTaKEHb Ha ()i310JIOTIYHI MapaMeTpH
Ta TPOLECH, s KHIICUHUKA, NUTYHKY Ta
TpaBHUX 3aJI03 TIIPOOIOHTIB XapakTepHa
MEBHA PEAKTUBHICTh, IO, Y CBOI dYep-
Ty, Y3TODKYETBCS 3 Pe3epBaMHU 3arajbHOL
(yHKIIOHATBHOT 3[JaTHOCTI iX OpraHi3my.
3arajabHOBIZIOMO, IO JIOCIIKEHHS PiBHS
aJanTalifHUX MeXaHi3MiB J0 UYWHHHKIB
PI3HOTO OXO/KEHHS € OTHUM 3 KITIOYOBHX
ACIIEKTIB JUIs KOMIUICKCHOTO aHai3y B3a-
€MOJIi1 opraHi3My TipoOiOHTIB Ta BOJHOI
CKOCHCTeMH. B akBakymbTypi MpH Takux
HayKOBO-TIPAKTUYHUX JTOCITIPKCHHIX HaH-
OLUTBII aKTyaJIbHUMH, MTOPSIZT 3 OKPECICHHU-
MH € MOP(OJIOTIYHI Ta TiCTOJNIOTIYHI mapa-
METpH TiipobioHTiB [28-31].
OyYHKIIOHATTBHUA CTaTyC OpraHi3my
ripoOIOHTIB € CBOEPITHOIO MIAT(HOPMOIO
JUTsl TIepeOiry KOMITJICKCHHUX IPOIECiB Ha
pi3HUX pIBHSX Oprasisaiii, 30kpema, 6io-
XiMigHOMY, (i3ziooriaHOMY, MOpdoIToTiv-
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satory mechanisms may not work. Under
such circumstances, stressful ethology be-
gins, which is not normal for the body of
hydrobionts in optimal environmental con-
ditions [14, 19, 20, 21].

Based on the biological characteristics
of fish, specific neuro-humoral centers are
developed in their body, which are separate
structures of the central nervous system,
which already directly transmits nerve im-
pulses to endocrine organs. This «nerve
path» (brain — gland) is passed by every
impulse according to the principle of a re-
flex arc. For example, under conditions of
influence of different temperatures on the
body of hydrobionts, temperature adapta-
tion with different threshold indicators will
be developed. So, hormonal regulation has
a control apparatus. The central structure
of the nervous system, which regulates the
functions of the endocrine apparatus, is the
hypothalamus. This function of the hypo-
thalamus is related to the presence in it of
groups of neurons that have the ability to
synthesize and secrete special regulatory
peptides — neurohormones. The hypothal-
amus is both a nervous and an endocrine
center [19, 20, 47-501].

The basic aspects of the regulation of
physiological functions in the body of hyd-
robionts ensure the maintenance of home-
ostatic balance through the interrelation-
ship of nervous and humoral mechanisms.
For example, cortisol content is a marker
indicator of functional changes, the con-
centration of which increases in response
to various forms of stress factors. This
hormone regulates the functional activity
of organs, in particular, the liver, glycogen
in muscles, increases metabolic activity,
stabilizes or, on the contrary, destabiliz-
es the reproductive function. Under any
conditions, physiological and biochemical
substantiation will only supplement and
provide in-depth ideas about the effective-
ness of the effect or the general state of the

HOMY, TicTojiorivHOMy ToImo. [Tpm akui-
Maru3auii rigpoOiOHTIB 10 HOBUX YMOB
aJIanTaIifHO-KOMIICHCATOPHI  MEXaHI3MH
MOXYTb HE CHpAIfOBAaTH. 3a TaKUX 00cCTa-
BUH PO3IOYMHAETHCSA CTPECOBa €TOJOTis,
sIKa HE € HOPMOIO JAJIsl OpraHi3My ripo0i-
OHTIB B ONTHMAJIbHAX YMOBaX CEpEIOBH-
ma [14, 19-21].

Buxonsguu 3 010JIOrYHUX OCOOIMBOC-
Teil pud, BinOyBaeTbes (HOpMyBaHHS Clie-
IUGIYHUX HEHPOTYMOpPAIBLHUX IIEHTPIB B
iXHbOMY OpraHi3Mmi, sKi SIBJISIOTH COOOIO
OKpeMi CTPYKTYpPHI YTBOPEHHS IIEHTPaJh-
HOi HEpBOBOI CHCTEMH, sIKa BKe Oe3Imo-
CepeIHbO TIepeae HEPBOBI IMITYIBCH [0
CHJOKPUHHUX opraHiB. Lleil «HepBoBUIt
nursix» (MO30K — 3alio3a) MPOXOIUTH
KO)KHHMH IMITYJIBC 32 IPUHIUIIOM pediiek-
TopHOI nyru. Hanpukiaz, 3a yMOB BIUIUBY
pi3HUX TeMIeparyp Ha OpraHi3M rigpo0i-
OHTIB Oyne (GopMyBaTUCh TeMIIEpaTypHa
ajianTais 3 pi3HUMH ITOPOTOBUMH TTOKa3-
HuKam#. OTke, TOPMOHAJIbHA PETyIIsIis
Mae amapar KepyBaHHS. LleHTpanbHOIO
CTPYKTYpOIO HEPBOBOI CHCTEMH, IO pe-
rymoe (QYHKIIT eHAOKPUHHOTO arnapara, €
rinotasiamyc. Lsg ¢yHKIisS TinmoTamamyca
TIOB’s13aHa 3 HasBHICTIO B HLOMY TPYII Heli-
POHIB, IO MAalOTh 3/aTHICTh CHHTE3YBaTH
Ta CEKPEeTyBaTH CIIELiallbHI PEryIsTOpHi
MeNTHIM — Hedporopmonw. ['inoTanamyc
€ OJJTHOYaCHO HEPBOBUM Ta €HJOKPHHHHUM
nentpom [19, 20, 47-50].

BbazoBi acnektu perymsuii ¢isionoriu-
HUX (YHKIIHA B OpraHi3Mi T1JIpoOiOHTIB 3a-
0e3nevyroTh MiATPUMAaHHS T'OMEOCTaTH4-
HOT PIBHOBar" NUISXOM B3a€MOBITHOIICH-
HSl HEPBOBUX 1 T'YMOPAJIBHUX MEXaHI3MiB.
Hampuknaz, BMICT KOPTH30Iy € MapKep-
HUM MOKa3HUKOM (yHKIIOHAJIBHUX 3MiH;
KOHIICHTpAIlis HOTo 3pOoCTae y BiJIIOBIIb
Ha pi3HI ¢opMu cTpec-uMHHUKIB. Llei
TOPMOH PETyJIIoe (PYHKI[IOHATIbHY aKTHB-
HICTb OpraHiB, 30KpeMa, NEYiHKH, BMICT
IJTIKOTEHY y M’si3aX, 3011bIIy€e MeTaboIiv-
HYy aKTHBHICTb, CTa0lmi3ye abo, HaBIAKU
LJIECTa0Ti3ye PENpOAYKTHBHY (YHKIIFO.
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body of hydrobionts, parameters of their
productivity, etc.

Considering today’s conditions, trans-
formational changes in climatic param-
eters all over the world, problems of im-
proving the adaptive and compensatory
capabilities of hydrobionts, increasing
their resistance to the influence of abiotic
and biotic factors are relevant and have
practical value and scientific significance.
Specific adaptation is the process of adap-
tation of the body to any «adequate» factor
in the external environment. These are, for
example, temperature changes (cooling,
heat), climate changes (introduction, trans-
portation of objects from one region to an-
other), vaccination, etc. In the process of
evolution, a non-specific adaptation devel-
oped — the process of development of one
factor under the influence of other factors
analogous to the first. Such a process is de-
cisive in the preservation of species, pop-
ulations, and their viability under extreme
conditions of sufficiently long duration. As
studies show, such aspects are important in
the development of strategic plans for the
development of aquaculture for each coun-
try, optimization of technological aspects
of production of aquaculture products,
introduction of adaptogens, biologically
active feed additives, etc. [41-46, 51, 52,
53, 54].

CONCLUSION AND
PERSPECTIVES OF FURTHER
DEVELOPMENT

The body of hydrobionts is a single
complex functional system, each parame-
ter of which is interconnected with another
and regulated by neurohumoral pathways.
The center of regulation of stability of
homeostatic balance must provide an ad-

3a Oymb-sSKUX YMOB (hi3i0J10r0-010XiMi4-
HE OOIpPYHTYBaHHS JIMIIE IONOBHHUTH Ta
HAJacTh TIHOWHHUX YSBIEHb NMPO edek-
TUBHICTb BIUIMBY a00 3arajbHUN CTaH Op-
raHi3My TiApoOIOHTIB, MapaMeTpH iX Mpo-
JIyKTUBHOCTI TOIIIO.

BpaxoBytounn  yMOBH  CHOTONCHHS,
TpaHcQopMaIiiHi  3MiHM  KJIIMaTH4YHUX
MapaMeTpiB y BCbOMY CBITi, TUTAHHS I10-
JIMIICHHS a1anTanifiHO-KOMICHCATOPHUX
MOYKJIMBOCTEH TipOOIOHTIB, IiIBHICHHS
X pe3UCTEHTHOCTI JI0 BIUTUBY a0il0THUHUX
Ta OIOTMYHMX YUHHHKIB € aKTyaJlbHUMH
Ta MAKOTh MPAKTUYHY I[IHHICTh Ta HAYKOBE
3HadyeHHs. CrienudivyHa ajanraiiis sBise
c0000 MPoLIeC NPUCTOCYBAHHS OPraHi3My
0 Oymb-sIKOTO «aJeKBAaTHOTO» ISl HBO-
r0 YMHHUKA 30BHIIIHHOTO CEPEIOBHIIA:
3MIHH TeMIeparypH (TIOXOJOAaHHs, CIie-
Ka), 3MIHM KJIiMary (IHTPOMYKIisl, TpaH-
CIIOPTYBaHHS 00 €KTIB 3 OJHOTO PETiOHY
B 1HIIMK), BaKUWHAIA Tomlo. Y MpoIe-
ci eBourollii BUpoOWIacs HecrenugpiyHa
ajanTanis — rnporec (oOpMyBaHHS OJHOTO
YUHHIKA 32 YMOB BIDTHBY 1HITHX YNHHUKIB
aHaJOriyHUX 0 mepiroro. Takuil mpouec
€ BU3HAYaJbHUM Y THUTaHHI 30€peKCHHS
BU/IIB, OMYJIALIHN, IX KUTTE3AATHOCTI MIPH
eKCTpEeMaNbHIX YMOBAX JOCTaTHHO TPUBa-
501 aii. SIk MOKa3yroTh TOCIiIXKEHHS, TaKi
ACTICKTH € BaXKJIMBUMHU TIPH pO3poOIli cTpa-
TEriYHUX IIAHIB PO3BUTKY aKBaKyJIBTYpU
JUTSI KOYKHOT KpaTHH, OTITUMI3allii TeXHOJIO-
TYHUX acMeKTiB BUPOOHUIITBA MPOAYKII
aKBaKyJIBTYPH, BIPOBA/DKCHHS amanTore-
HiB, 010JIOTIYHO AKTUBHHMX KOPMOBHX JO-
0aBok To1o [41-46, 51-54].

BUCHOBKU TA NEPCIIEKTUBHU
MHOJAJBIIOTO PO3BUTKY

Oprani3m rigpoOioHTIB sBISE COOOIO
€IVHY CKJIaTHy (QYHKI[IOHAILHY CHUCTE-
My, KOXHHUI 3 mapaMmeTpiB Skoi € B3ae-
MOTIOB’SI3aHUM 3 IHIIHM Ta PETYIIOETHCS
HeHporyMmopanbHuM Huiaxom. LleHtp pe-
TYJISIIIT  CTalOCTI TOMEOCTAaTHYHOI piB-
HOBaru Mae 3abe3neuyBaTH aJeKBaTHY
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equate response to the influence of a stim-
ulus (abiotic or biotic factor). Under con-
ditions of inconsistency, a state of stress
occurs in hydrobionts. The ability of the
body to respond with the same type of
systemic non-specific reaction to various
stress factors determines the level of ad-
aptation capabilities of hydrobionts. The
general non-specific adaptation reaction
of the body creates a general background
against which all other reactions in the fish
body develop and largely depend on.

The study of physiological and bio-
chemical processes of adaptation against
the background of the influence of various
factors (technological, climatic, genetic,
etc.) is of great importance for understand-
ing the processes of self-regulation of the
body of hydrobionts, its interaction with
the environment under the influence of
factors. Understanding the essence of the
processes occurring in the body of hyd-
robionts provides an opportunity to more
effectively choose the technological as-
pects of improving a certain technology
in aquaculture. Innovative solutions in
the industry can contribute to increasing
efficiency from their introduction into the
technological map, provided that the bi-
ological features of hydrobionts and the
level of their adaptation capabilities are
taken into account. At the same time, the
body of hydrobionts can respond in the
form of a stress reaction, which will be an
indicator of the lack of positive adaptation
to the implemented technological cases
of improving the course of physiological
and biochemical processes. Because some-
times the body of hydrobionts needs to be
prepared for certain changes, to increase
resistance to the likely negative effects of
individual elements. The functionality of
the fish body is determined by the com-
plexity of all processes aimed at support-
ing vital functions, self-preservation and
adaptive and compensatory capabilities.
Undoubtedly, the activity of the course of

peakKIliro Ha BIUIMB MOJIpa3HHUKa (a0ioTHY-
HOTrOo 200 010TUYHOTO YMHHHKA). 32 YMOB
HEBIJIMOBITHOCT] Y TiApOOIOHTIB BiJ0y-
Ba€ThCS CTaH CTpecy. 3MaTHICTh OpraHiz-
My BIJIMOBIJIaTH OJHOTHITHOK CHCTEM-
HOIO0 HECHEeIU(IUuHOI0 peakiliero Ha pi3Hi
CTpeC-YMHHUKN BH3HAYa€ DPIBCHb anai-
TalifHUX MOXJIMBOCTEH TiIpOOIOHTIB.
3aranpHa HecrnenudiuHa ajanraiiiHa
peaxiiisi opraHizMy CTBOPIOE 3arajJbHUil
($oH, Ha SKOMY PO3BHUBAIOTHCA 1 BiJl IKOTO
6arato B YOMy 3aJIe:KaTh yCl 1HII peakiii
B OpraHismi puo.

BuBuenns ¢izionoro-6ioxiMiuHUX
MPOIIECIB aJlanTallii Ha T BIUTUBY Pi3HUX
YUHHUKIB (TEXHOJOTIYHUX, KIIMAaTUIHUX,
TCHETHYHUX TOI0) Ma€ BEITUKE 3HAUCHHS
JUISL PO3YMIHHSI TPOLECIB CaMOpPETyJIsii
opraHisMy TipoOiOHTIB, HOTO B3aEMO-
nii 3 HaBKOJMIIHIM CEepeloBUIIEM Tij
BINTHBOM YUHHHKIB. PO3yMiHHS CyTHOCTI
MPOIIECiB, sIKi BiOYyBaIOTHCSI B OPraHi3Mi
riApoOiOHTIB, HAJa€ MOXIHUBICTh e(dek-
TUBHIIIE MiJiOpaTH TEXHOJOTI4HI acHeK-
TH YJOCKOHAJICHHSI TIEBHOI TEXHOJIOTIi B
AKBaKyJIbTypi. IHHOBaIiliHI pilleHHS B
rajgys3i MOXYTh CIHPHSATH ITiJIBHUIICHHIO
e(eKTUBHOCTI BiA IX BIPOBAIKECHHS Y
TEXHOJIOTIYHY KapTy 3a YMOB BpaxyBaHHS
OioyoriyHUX O0CcOONMMBOCTEN TigpPOoOioH-
TiB, PIBHA 1X aJanTamiifHUX MOXJIUBO-
creil. OQHOYACHO 3 MM, OPTaHi3M Tif-
pOOIOHTIB MOXXE HaJaBaTH BIAMOBIIL Yy
BUIVISII CTpec-peakiii, mo Oyae iHauKa-
TOPOM BiJICYyTHOCTI TIO3UTHBHOI aarTaiii
IO BIIPOBAJPKEHUX TEXHOJIOTTYHUX KEHCiB
MOJIIITIIEHHST Tiepebiry  ¢izionoro-6ioxi-
MIYHHUX TIPOLECiB, OCKUIBKM 1HOMI opra-
HI3M T1Ipo0iOHTIB MOTPIOHO MIATOTYBATH
IO TIEBHUX 3MiH, MiJABUIIUTH PE3UCTCHT-
HICTh JI0 WMOBIpPHOI HEraTHBHOI Jii OK-
pemux eneMeHTiB. DYHKIIOHAJIBHICTh
opraHiaMy puO BH3HAUYAETHCS 33 KOMII-
JICKCHICTIO BCIX NPOLECIB, HAIlICHUX Ha
MIATPUMKY JKATTEBOBKIUBUX (PYHKIIIH,
caM030epexeHHs Ta aJanTalilfHo-KOM-
MIEHCATOPHUX MOXJIMBOCTEN. be3yMOBHO,
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metabolic processes, in particular, physi-
ological and biochemical ones, identifies
the parameters of homeostatic balance in
the body of fish.
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