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Influence of Hypoxia and Hypercapnia
on Fatty Acid Composition of Lipids in White Muscles
of Common Carp Cyprinus carpio

Pecbepar: JocnigkeHHs yvacTi XUPHUX KUCIOT TKaHWH pub y npoLecax peakTUBHOCTI opraHiamy 3a Aii eK30reHHUX YMHHUKIB €
HeobXiQHOK NaHKOK Y BUMBYEHHI KIMITUHHUX MexaHi3MiB rinobioTuyHoro Bnnvey. MeTofom rasoBoi xpomartorpadii BU3Ha4YeHo cknag
Ta KiNbKiCHUIA BMICT XMPHUX KUCNOT 3aranbHUX ninigis 6inMx m’s3iB kopona ykpaiHCbkoi nyckatoi nopoau. lpeHTudikosaHo 28
KUPHUX KUCMOT Ta BUSIBMIEHO NEpepo3nOoAin iX KiNbKiCHOro BMICTY 3a FNOKCU-TinepkanHiyHOro BAAMBY 3i 3HWXEHHAM TemnepaTypu
cepepoBuLla (LWTYYHUIA rino6io3). BcTaHOBNEHO 3HWXEHHS CyMapHOro BMICTY HacM4yeHux Ta 36inblUeHHS BMICTY HEHaCU4eHMUX
KUPHUX KMCNOT NepeBaXHO 3a paxyHOK NOofiHEHACUYEeHUX KUCMNOT poanH -3 Ta ®-6. MpunyckaeTbes, WO NiATPUMAHHS ONTUMarbHOro
cniBBiOHOLWEHHA @-3/-6 B ymMOBax eKkCcrnepuMeHTY BigOyBaeTbCs LUMNSIXOM yyacTi aumn-ninigHux o-3- ta o-6-gecatypas. BussneHi
Moamdikauii BMICTY XXUPHUX KMCrOT minigiB 6innx m's3iB kopona, MMOBIPHO, 3anyyeHi 40 KMITUHHOrO MexaHi3aMy Ail rino6ioTu4Hux
UYMHHWKIB (rinokcis, rinepkarHisi, rinoTepMist) Ha opraxiam pub.

KntouoBi cnoBa: xupHi kucnotu, 6ini m's3u, kopon, WTy4HWUIA rino6ios, rinepkanHisi, rinokcis.

Pedepart: ViccnegoBaHue yvacTusi XMPHbIX KUCMNOT TkaHel pbi6 B MpoLeccax peakTUBHOCTM OpraHu3mMa npu Aenctsuun
9K30TeHHbIX (PAKTOPOB — BAXHOE 3BEHO B U3YYEeHWUWN KMETOYHbIX MexaHW3MOB rmnobuotuyeckoro Bosgencteusi. MeTogom ra3oBoi
XxpomaTorpadumn onpepeneHbl COCTaB U KONMMYECTBEHHOE COAEepXaHWe XUPHbIX KUCMOT obwmnx nunuaos 6enbix MbilwL, Kapna
YKPauHCKOM YellynyaTton nopoabl. NaeHTndunumnpoBaHo 28 XuMpHbIX KUCAOT 1 YyCTaHOBNEHO nepepacnpeaeneHne nx Konm4ecTBEHHOro
cofepXaHus npu rMnokcu-runepkanHUYeckomM BO3AENCTBUM CO CHUXEHMEM TemnepaTypbl cpefbl (MCKYyCCTBEHHbIN rnunobunos).
YCTaHOBNEHO CHMXEHWE CYMMapHOro COAEpPXaHWUS HaCbIWEHHbIX ¥ POCT COAEPXaHWUS HEeHacCbIWEHHbIX XUPHbIX KUCINOT npeu-
MYLLECTBEHHO 3a CYeT MOSNIMHEHACHILEHHbIX KUCNOT cemen ©-3 n ®-6. MNMpepnonaraeTtcs, YTo NoAAepxaHne onTUManbHOro
COOTHOLWEHUA ®-3/w-6 B YCNOBMAX UCCNEAOBaHUSA OCYLLECTBASETCA Npu yvyacTuu aumn-nunuaHbiX o-3- Ta o-6-gecatypas. Ycra-
HOBMEHHble MoAudVKaLUM CoAEPXaHUSA XUPHBIX KMCOT NMNUAOB 6enbix MbiWL, Kapna, BO3MOXHO, BOBIEYEHbl B KNETOYHbIN
MEeXaHu3M AeiCTBUS rMnobnoTnyecknx akTopoB Ha opraHuam pbio.

KnioyeBble crnoBa: XupHble KUCMOTbl, 6enble MbILLbI, Kapmn, UCKYCCTBEHHbIA rMnobrosa, rmnokcusi, rmnepkanHus.

Abstract: Study of the involvement of fish tissue fatty acids into the organism reactivity caused by an influence of exogenous
factors is crucial for investigation of cell mechanisms underlying hypobiotic effect. Gas chromatography was used to estimate the
composition and quantities of fatty acids of total lipids in white muscles of the Ukrainian scaly carp species. Twenty eight fatty acids
were identified and their quantitative redistribution was revealed under hypoxic-hypercapnic action following a decrease in the
environmental temperature (artificial hibernation). The decrease in total content of saturated and an increase in the one of unsaturated
fatty acids was mainly due to the -3 and -6 polyunsaturated acids family. The optimum ®-3/®-6 ratio under the studied conditions
was supposedly maintained due to acyl-lipid ®-3 and w-6-desaturase activity. Modified content of total lipids fatty acids in carp white
muscles was likely a part of the cell mechanism of hypobiosis factors action in the fish organism.

Key words: fatty acids, white muscles, carp, artificial hibernation, hypercapnia, hypoxia.

HocnimkenHas apanTamii TBApUHHUX OpraHi3MiB
710 YMOB JIOBK1IJIS (3HHIKEHHS TEMIIEPATYPH, T1ITOKCIs
TOII0) 3AJIMIIAETHCA aKTYaJIbHOIO MPOOIEMOIO TEOpe-
THUYHUX Ta NPUKJIAIHUX Ol0JI0TYHMX JOCIIKEHb. Y pHO
y TIPOLIECi eBOMIOLIT BUPOOMIIMCS MEXaHI3MH MIPUCTO-
CYBaHHS J10 BIUTUBY CTpec-(hakTOpiB BOAHOTO CEpeio-
BUIIIA HA MOJICKYJISIPHOMY, KIIITHHHOMY, 010XIMIYHOMY,
(hi3iosOTiYHOMY, MTOBEIHKOBOMY Ta IHIIUX PIBHAX
opranizamii [2, 7]. OqHUM 13 TaKUX ajganTamiifHuX
MEXaHi3MIB € TIepexii TBApUHHHUX OPTaHi3MIB y CTaH
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The investigation of adaptation of animal organisms
to environmental conditions (low temperature, hypo-
xia, efc.) has remained an actual problem of theoretical
and applied biological studies. During the evolution the
fishes acquired the mechanisms of adaptation to the
influence of stress factors existing in an aquatic envi-
ronment at molecular, cell, biochemical, physiologi-
cal, behavioral and other levels of organization [6, 16].
One of these adaptation mechanisms is the transition
of animal organism to a state of a reduced activity
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3HIKEHOT )KUTTEIISUTBHOCTI (TIMOO10THYHUI cTaH, ab0
rino0io3), sIKUH BiApPI3HAEThbCS 1epeOya0BoI0 (izio-
noriunux QyHKHiH 1 6ioximMiuHux mpouecis [9]. Ilpu
(hopMyBaHHI rinOOIOTUYHOTO CTaHy SIK Y TOMOHOTEpM-
HUX, TaK 1 MOWKUIOTEPMHHUX TBapuH BiI0yBalOTHCS
CTPYKTypHO-(PYHKIIIOHANBHI Moaudikaiii OiIKiB Ta
mimigie [11, 13].

3 ypaxyBaHHSM yMOB iCHyBaHHsI puO 0COOINBY
poJIb y 1X Oi0XiMIYHIM amanTarii BAKOHYIOTH JIITLAH [ S—
8], 30kpema e crocyerhes xkupHuX kuciaor (FKK) —
HaWO1IBLI JIa0LILHOTO KOMITOHEHTA JIIIITHUX MOJIE-
KyJ1, SIK1 IIIBUJIKO PEaryloTh Ha €K30T€HHI BILUTUBH Cepe-
noswuia [7]. BapTo 3a3Ha4uTH, 110 3QJTy9ICHHS )KUPHUX
KHUCJIOT JI0 aIallTaIlifHIX MIPOIIECiB, SIKi BiIOYBAIOTh-
csl B OpraHi3mi pu0 3a BIUIMBY 3HIKEHOI TemIiepa-
Typu (rimorepmii) [1, 5, 14], nmpu3BoAUTH, 30KpeMa,
710 301IbIICHHS BMICTY TOMI€EHOBHUX YKUPHUX KUCIIOT
(ocobmuBO M-3- Ta M-6-KUCIOT), HIO CIPSIMOBAHO
Ha 3a0e3MnedYeHHs] HeoOXiaHOI B’ A3KOCTI 0i0M0TiYHMX
MeMOpaH KJITHH Ta MiATPUMAaHHS TEIIOBOTO TOMEO-
cTasy opraizmy [3, 7]. IIpore ciig BpaxoByBaT# 0Co0-
JIUBOCTI BIUTUBY TiMTOKCIi-TiMEepKamHii y ITO€THaHHI 3 Ti-
MIOTEPMIEI0 Ha JIMiAHY KOMIIOHEHTY KIITHH PI3HHX
OprasiB TBapHH, 30kpema i pu6 [12].

OCKIJTbKY JKHAPHI KHCIIOTH Y SAKOCTI CTPYKTYpPHHUX
KOMIIOHEHT Oi0JIOT1YHUX MEeMOpaH Ta eHepreTUIHUX
cyOctparis [ 18] OepyThb y4acTh y mpouecax peakTHB-
HOCTi opraHizmy 3a Jii YNHHUKIB HaBKOJHUIIHHOTO
cepenoBuia [17, 19], To AOCHiIKEHHS KUPHOKHC-
JIOTHOTO ITPO(]1ITIO TKAHUH PUO, SIKI 3HAXOIATHCS B IO~
010TMYHOMY CTaHi, € IEPCIEKTUBHUM Ta aKTyaJIbHUM.

Mertoto poboTu Oyno AOCTIIKEHHS SIKICHOTO Ta
KUTBKICHOTO CKJTaJTy )KUPHUX KUCIIOT 3aralbHUX JIIITi/TiB
01X M’s31B KOporia yKpaiHChKO1 JIyCKaToi HOpOH 3a
TIIMOKCH-TINEPKAITHIYHOTO BILUTUBY MPH 3H)KEHH] TEMITe-
paTypu cepeJoBHIIA.

Marepianu Ta MeTOaU

ExcniepuMeHTH poBOAMIIM Ha KOPOIax YKPaiHCh-
koi siyckaroi nopoau (Cyprinus caprio L.) Macoro
250-270 1, sxux oTpuMyBaiH 3 [BaHiBCbKOrO PHbO-
koMOinaty KuiBcekoi obnacti. Puly BimmoBmoBamu
B OCIHHI MepioJ i JuIg ajanTailii mpoTIroM TphOX Ai0
yTpuMyBaiu B Oaceitni 06’emom 2 000 nm*. TBapun
po3ninuim Ha ABi Tpynu (n = 5 'y KoxHii): 1 (KOHT-
poibHA) — prba 3HaX0onnIacs B aKTUBHOMY CTaH1 KHT-
TeISUTPHOCTI; 2 (ocimiaa) — puba mepedyBana y cra-
HI IITYYHOTO Tino0io3y (BIJIUB TiMTOKCIi, TimepKamHii
[IpH 3HIKEHHI TemnepaTypu 1oBkiwis) [13]. s mpo-
BEJICHHS €KCIIEPUMEHTY pUO MOMIIITYBaIN Y 3aKPUTHN
CKIISTHHI aKBapiyM i3 TemriepaTyporo Boau 8...10°C,
710 SIKOTO TI0/IaBAJIM Ta30BY CyMill AIOKCHAY BYTJICIIIO
Ta KHCHIO y cHiBBigHOWIEHH] 1:1 mpoTsarom miBTOpH
TOJIMHU NPH MIBUAKOCTI poxyBanHs 150-200 cm?/xB
(ua 50-100 am® Bon). B yMoBax 3HIKEHOT TeMIie-
parypu Ta HapocTarouoi rimokcii-rinepkanHii puou
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(hypobiosis), which specificity is a re-arrangement of
physiological functions and biochemical processes [ 18].
Development of hypobiotic state is associated with
structural and functional modifications of proteins and
lipids both in homoiotherms and poikilotherms [9, 12].

Taking into account the habitat conditions in fish,
the lipids play a significant role in biochemical adap-
tation [14—17], in particular, this concerns fatty acids
(FAs), the most labile component of lipid molecules
rapidly responding to exogenous environmental in-
fluences [16]. It should be noted that the involvement
of fatty acids into adaptation, occurring in fish organism
due to the effect of lowered temperature (hypothermia)
[20, 14, 1], leads notably to an increased content of
polyene fatty acids (especially ®-3 and ®-6 acids),
providing thereby the required viscosity of biological
cell membranes and maintaining the thermal homeo-
stasis of the body [8, 16]. However, it is necessary to
consider the peculiarities of hypoxic-hypercapnic in-
fluence jointly with hypothermia on the lipid compo-
nent of cells of various organs of animals, including
fish [10].

Since fatty acids as structural components of biolo-
gical membranes and energy substrates [7] are invol-
ved into the organism reactivity due to the effects of
environmental factors [5, 11], the study of the fatty acid
profile of fish tissues being in hypobiosis, is perspective
and relevant.

The research aim was to study the qualitative and
quantitative composition of fatty acids of total lipids of
Ukrainian scaly white carp under hypoxic-hypercapnic
influences when the environmental temperature was
reduced.

Materials and methods

Experiments were carried out in the Ukrainian scaly
carps (Cyprinus caprio L.) weighing 250-270 g, which
were obtained from Ivanivka Fish Processing Plant of
the Kyiv region. The fish were caught in autumn and
were kept in a 2,000 dm* pool for three days to adapt.
The animals were divided into two groups (n =5 each):
1 (control) — active fish; 2 (experimental) — fish under
an artificial hypobiotic state (the influence of hypoxia,
hypercapnia, with the decrease of environmental tem-
perature) [12]. For the experiment the fish were placed
into a closed glass aquarium with a water temperature
of 8...10°C, supplied with the gas mixture of carbon
dioxide and oxygen in 1:1 ratio for half an hour at a
blowing rate of 150-200 cm*/min (at 50—-100 dm* wa-
ter). Under conditions of lowered temperature and
increasing hypoxia-hypercapnia fish gradually switched
to a hypobiotic state (suspended animation).

Fish of groups 1 (control) and 2 (at the 6™ and 24"
hour of exposure to artificial hypobiosis) were dissec-
ted and the white muscle tissues were extracted. Ho-
mogenization and extraction of lipids were performed
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MTOCTYIIOBO MEPEXOIMIH y TiMOOIOTUYHUH CTaH (3HH-
JKeHa KUTTEMISUTBHICTD ).

Pub6 rpyn 1 (konTponb) i 2 (Ha 6- 1 24-y roguHu
eKCIO3UII{ IITY4YHOr 0 T1100i03y) npenapyBajiy Ta BU-
Jy4anu TKaHUHU Oinnx M si3iB. IIpoBoanim romore-
Hi3allil0 Ta eKCTPaKLito JimiaiB XJ0podhopM-MeTaHoO-
JIOBOIO cymimmiio 3a MmetogoM doya [16]. Otpumy-
BaJIM METHJIOBI €TEpPH >KUPHUX KHUCIOT 32 METOJIOM
W.W. Christi [15] Ta anami3yBainu ix Ha Ta30BOMY XPO-
marorpadi «Trace GC Ultray («Thermo Scientificy,
CHIA). Po3gineHns mpoBOIWIN Ha BUCOKOTIOJISIPHIMA
KaruisipHii xpomarorpadiunii koot «SPTM - 2560y
(«Supelcoy, CILIA). st inenTH}iKaLlii KHCIOT BUKO-
PHCTOBYBAJIM CTaHJIAPTHY CyMiIll METHJIOBHX €TEpiB
xupHUX kuciaot «37 Compone FAME Mix» («Su-
pelcox») [10] (3). s KiNbKICHOT OLIHKY 1HTUBI Ty ab-
nHux KK 3actocoByBanu mMeTon HOpMYBaHHS ILIOLI
mika Ta npeactasisin BigHocHu BMicT XKK y Bincot-
Kax 70 TX 3arajibHOI KIJIBKOCTI.

OTpuMaHi pe3yabratd 00poOIISIN METOIOM Ba-
plamiifHol CTaTUCTUKH 3 BUKOPUCTAHHSAM t-KPHUTEPIFO
CrplofieHTa Ta 32 JONIOMOTOI0 KOMIT FOTEPHOI MpOor-
pamu «Excel» («Microsofty, CILIA). 3mian BBayKanucs
CTaTUCTUYHO 3Hauymmmu 3a p < 0,05.

Pe3yabTatu Ta 00roBOpeHHA

MeToaoM BHCOKOUYTIMBOI ra3opiinHHOI XpoMa-
Torpadii B OL1mx M’A3ax KOpoIa y CTaHi aKTUBHOI KHT-
TeRisIbHOCTI (rpymna 1) inenTrgikoBaHo 28 KUPHUX
KHCIIOT. BUsABIIEHO KOPOTKO-, CEpeIHbO- Ta IOBIOJIaH-
iorosi JKK. Cepen Hacrnuenux sxuprux kuciot (HXKK)
nominysam nanbmiturosa (C, ) Ta creapunosa (C g )
kucnotu (22,5 Ta 5,6% BianosinHo). Henacuueni >xupHi
kucnoru (HHXXK) 6ynn HeomHOpiTHIME: MOHOHEHA-
cuueHi xxupHi kucnotn (MHXKK) Haii6inem npeacras-
Jieni nanbmitoneinosoro (C,, | ) ta oneinosoro (C | )
kuciotami (4,7 Ta 19,3% BiANOBIAHO), Cepe ToJTiHe-
HacnueHux >kupHux kucnot (ITHXKK) mepeaxanu
minonesa (C, ., ), efikosarpienosa (C, , ), apaxino-
nosa (C, , ), efixozanenracnosa (C, . ), 10K03a-
rexcacnosa (C,, . ) xucnoru (14,1; 3,70; 3,8; 7,6 Ta
8,1% BignoBiaHO). [HIII KUPHI KUCIIOTH MICTHIIUCS Y
HeBeNMKid KinbkocTi (Tabn. 1). KoedimienT HeHacu-
yenocti (HXKK/HHXK) nopisatoBas 0,47.

[Mix gac gocmimxenns XXK-cnekrpa 3aranbHux Ji-
Ii11B O1THX M’ 5131B KOPOTIa 32 TIMOKCH-TIIePKATHIYHOTO
BuBy (I'T'B) HEe BcTaHOBIIEHO SIKICHUX 3MiH IIOJ0
KOHTpOJTIO, mmysia JKK JmimiaiB, omMHaK BiIMid€HO TTepe-
PO3IOLN iX BMICTY 00 KOHTpOITEO (Tab. 1). BinOy-
Basiocst 3MeHIeHHs cymapHoi kinmpkocTi HXKK, 30xpema
3a paxyHok 3Hmkenns smicty C, . C . . C . C_ .
ClS:O’ Czo;o’ CZI:O’ sz;o’ C23;o’ C24;0 KHCIIOT, Ha 6- Ta
24-y TOOVHY TiMTOKCH-TINIEPKAITHIYHOTO BIUIUBY y Ce-
pembomy Ha 41,7 Ta 65,9% BIAMOBITHO MOPIBHSHO 3
KoHTponeM (puc. 1). MoxXJIMBO, 1€ OB SI3aHO 3 IX BUKO-
PHCTaHHSM Y SIKOCTi eHepreTuyHoro cyocrpary [9, 17].
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with chloroform methanol mixture according to the
Folch method [4]. The fatty acid methyl esters were
prepared according W.W. Christi [2] and analyzed by
means of Trace GC Ultra gas chromatograph (Thermo
Scientific, USA). The separation was carried out
with a high-polar capillary chromatographic column
SPTM-2560 (Supelco, USA). Acids were identified
using the standard mixture of methyl esters of fatty
acids 37 Compone FAME Mix (Supelco) [3]. For quan-
tification of individual FAs, the method of area norma-
lization was used and the relative content of FAs was
represented as the percentage to their total amount.

The obtained results were processed by the method
of variation statistics using Student’s t-criterion and
Excel software (Microsoft, USA). Changes were con-
sidered as statistically significant at p < 0.05.

Results and discussion

By means of highly sensitive method of gas-liquid
chromatography we identified 28 fatty acids in carp
white muscles during active vital state (group 1). Short,
medium and long chain FAs were found. Among the
saturated fatty acids (SFA) palmitic (C, ) and stearic
(C ) acids (22.5 and 5.6%, respectively) dominated.
Unsaturated fatty acids (UFAs) were heterogenous,
e. g. monounsaturated fatty acids (MUFAs) were
mostly represented by palmitoleic (C,,, ,) and oleic
(Clq.10) acids (4.7 and 19.3%, respectively), among
the polyunsaturated fatty acids (PUFAs) the following
acids dominated: linoleic (C ¢ , ), eicosatrienoic (C,, ),
arachidonic (C,, ), eicosapentaenoic (C, , .), doco-
sahexaenoic (Cw) (14.1,3.70, 3.8, 7, 6 and 8.1%, respec-
tively). Other fatty acids were found in small quantities
(Table 1). Unsaturation ratio (FAs/UFAs) was 0.47.

Investigation of the FA spectrum of total lipids of
carp white muscles under hypoxic-hypercapnic ef-
fect found no qualitative changes in respect of the
control of a pool of FA lipids, however, there was a re-
distribution of their content versus the control (Table 1).
There was a decrease in total amount of UFAs, in
particular due to a reduced content of C,,, C
CIG:O’ C17:O’ ClS:O’ CZO:O’ CZI:O’ CZZ:O’ C23:0’ C24:0 aCidS
to the 6™ and 24" hour of hypoxic-hypercapnic effect
in average by 41.7 and 65.9%, respectively, relative to
the control (Fig. 1). This may be due to their expen-
diture as an energy substrate [18, 5].

Total content of UFAs was increased due to a rise
in the level of MUFAs and PUFAs if compared with
the control (Fig. 1). Under hypoxic-hypercapnic effect
the unsaturation ratio (FAs/UFAs ratio) decreased to
the 6" and 24™ hour if compared to the control and
was 0.23 and 0.12, respectively.

It has been established (Fig. 1) that total content of
MUFAs at the 6™ and 24" hours of hypobiotic expo-
sure was increased due to a rise in the content of C
C.,.C C.,C C C
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Puc. 1. BmicT HacM4eHnx Ta HEHaCUYEHMX XUPHUX KUCIOT 3aranbHux Ninigis 6inux m’asiB kopona B HOPMi (KOHTPOIb)
Ta 3a rinokcu-rinepkanHiyHoro snnuey (TB), BiACOTOK Big 3aranbHOro BMICTY >XUPHMX kucroT (n = 5): O — Z HXK,
[ | —Z HHXXK, & —2 MHXK, , &2 - Z MHXK; * — pi3HMUs CTaTMCTMYHO 3Ha4yLLa BIAHOCHO KOHTponto, p < 0,05.

Fig. 1. Content of saturated and unsaturated fatty acids in carp white muscle lipids in norm (control) and after hypoxia
and hypercapnia (HH), % of total fatty acid content (n = 5): 01— >, SFAs, Ml -2, UFAs, Y, MUFAs, B - Y, PUFAs;

*—p < 0.05 vs. control.

Cymapnuii Bmict HHXKK 30inburyBaBcs 3a paxy-
nok miasumeHHs pisag MHXXK ta ITHXKK nopiBasHO
3 KoHTpoJieM (puc.l). 3a TIMOKCH-TiMepKaTHITHOTO
BITUBY KoedirieHT HeHacuaeHocTi (BemmunHa HXKK/
HHXXK) Ha 6- ta 24-y ronuHu 3MEHIIMBCS ITOPIBHSIHO

as compared to the control by 12.0 and 18.0%,
respectively, and the level of PUFA increased at the
expense of FA families of -6 and ®-3 by 24.7 and
39.9%, respectively. Total content of PUFAs of the
-6 family at the expense of C C C

18:2006° 18:306° 20:206°

3 koHTpOosieM 1 ctanoBuB 0,23 Ta 0,12 BiAMOBITHO. C e Croune INCreased by 31.6 and 48.6%, respec-
tively, and total PUFA content of
the ®-3 family to the 6™ and 24"
o 40 - hours of hypoxic—hypgrcapnic
° g 35 34_194 effect enhanced respectively by
%g 3(2',_13* T 16 and 27.8% due to C .,
2 3 30 L C2_0:3m3’ C20:5m3’ C22:6w3 acids

XT 25 22,90 . 2290+|  (Fig.2). _
o2 T 20,64 Among the main PUFAs of
52 20 17,80 the ©-3 family C,,,.. C,, .,
5= 15 acids (Tgble 1) prevgll, W'hl'Ch
o have a high metabolic activity
€° 10 [13]. It has been established that
53 their content increases under
3 § 5 hypoxic-hypercapnic effect, and
0 taking into account their im-
KoHTponb 6 roavH 24 roguHu portance in thermal stabilization
Control ekcriosuuii I'MB ekcriosuuii I'MB of the lipid component of cell

6 h of HH 24 h of HH

Puc. 2. Bwmict ®-3 Ta ®-6 noniHEHaCU4YEHNX XUPHMX KUCIOT 3ararnbHuX nini-
AiB 6inux mM’a3iB Kopona B HOPMi (KOHTPOINb) Ta 3a rinoKCK-rinepKanHiYHOro
snnuey (I'TB), BigcoTok Bi4 3aranbHOro BMICTY XUPHUX KUCNOT (n = 5):

O - Z -6 (2 n-6), & —2 -3 (2 n-3); * — pi3HMLA CTAaTUCTUYHO 3HauvyLwa

BiAHOCHO KOHTponto, p < 0,05.

Fig. 2. Content of w-3 and -6 polyunsaturated fatty acids in carp white muscle
lipids in norm (control) and after hypoxia and hypercapnia (HH), % of

total fatty acid content (n = 5): O — D w6 (2 n-6), H -2 o3 (2 n-3);

*— p < 0.05 vs. control.
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membranes, these changes can
be directed to regulation of vis-
cosity of biomembranes and,
accordingly, functional activity of
membrane-bound enzymes. Si-
milar changes in the content of
docosahexaenoic acid were ob-
served under the influence of va-
rious factors (temperature lo-
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BcranoBneno, mo cymMapHUN BMICT
MHXXK na 6- 1 24-y ToqrHN €KCIIO3UIII{
rino0io3y 3011bLIyBaBCs 32 PaXyHOK M-
sumienns smicry C, ., C,. ,C ., C_,
C18:1m9’ C20:1w9’ 22:109° C24:1 KHCIIOT I10-
piBHSHO 3 KoHTposieM Ha 12,0 Ta 18,0%
BinmoBiaHo, a pierp [THXK 36imbmry-
BaBcs 3a paxyHok KK ponnn -6 Ta -3
Ha 24,7 Ta 39,9% BignosigHo (puc. 1).
Cymapnwuii BMicT [THXK pognan w-6 3a
PaxyHOK C18:2m6’ C18:3m6’ C20:2w6’c22:2w6’
C .40 KHCIOT 3poCTaB Ha 31,6 Ta 48,6%
BinmoBigHO, a cymapauit BMicT [THXKK
ponvuHu ®-3 Ha 6- Ta 24-y TOAWHMU Ti-
MOKCH-TIMEPKAITHIYHOTO BILIUBY 3a pa-
XyHOK C18:3(03’ C20:3(03’ C20:5(03’ C22:6(D3 KHC-
not 30inburyBases Ha 16 ta 27,8% Bin-
noBigHO (puc. 2).

Cepen ocnoHux ITHXXK poaunu
3 nepesaxawts C, . .. C, - Kuc-
notu (TabmuIs), SKi MalOTh BUCOKY Me-
TabOoJIYHy aKTUBHICTH [4]. BcTanoBneHO
3pocTaHHS iX BMICTY 3a TiMOKCH-Tinep-
KalHIYHOTO BILIMBY, 4 BPaXOBYIOUH 1X
3HaYEHHS B TepMoOCTadimi3arii jimigHol
KOMITOHEHTH KJIITUHHHUX MeMOpaH, IIi
3MiHHM MOXYTh OyTH HaIlpaBJIeHi Ha pe-
ryJsito B’si3kocTi 6iomeMOpaH Ta, Bif-
MOBiTHO, Ha (PYHKIIOHATILHY aKTUBHICTb
MeMOpaHo3B’s13aHuXx Qepmentis. Ilo-
JOHI 3MIHHM BMICTYy JIOKO3areKCacHOBOT
KHCJIOTH CIIOCTEPIranucs 3a BILUTUBY Pi3-
HUX YMHHUKIB (3HWKEHHS TeMIIepary-
PH, T IBUIIEHHS COJIOHOCTI 00 THCKY TO-
1110), 10 T03BOJTMIIO HAa3BATH L0 KUCIIOTY
«xucnmoToro amanramii» [4]. Cepen oc-
noBHuX [THXKK poannm w-6 Haitbinbmmx
3MiH 3a3Hasa apaxigonosa (C, , ) Kuc-
siora (Talmnuiis), sika, BXOJSYH JI0 CKIIAIy
KIITHHHUX MeMOpaH, B3aEMOII€ 3 O1JIKO-
BUMHM KOMITIEKCAMH Ta BIUIMBAE HA (QyHK-
LIOHYBaHHS PELENTOPIB, TPAHCIOPTHUX
1 CHTHAJIbHHX CHUCTeM [5].

Binomo, mo IMTHXK — nonepeaaunku
010JIOTiYHO aKTUBHUX peuoBHH [3, 14].
[Toxigammu apaximonoBoi ®-6 [THXK e
psAa TpOoMOOKCaHIB 1 JIGHKOTPHEHIB, SIKI
MTOCHJTIOIOTH TPOHUKHICTH MEMOpaHu Ta
BUKJIMKAIOTh 3aNlalIbHI sIBUIIA, 8 MeTa0o-
mitn ®-3 [THXK, sxi € anTHarperanTa-
MU Ta IPOTHU3ANAITEHUMH PEUOBHHAMM,
CpUsIOTH cTabinizanii memOpan. Tomy
BaKJIMBO ITiATPUMYBATH (Pi31070r14HE CIiB-
BiaHOLIEHHS ®-3/m-6 [THXK.

PesynbraTy HaMMX JOCHTIHKEHb CBif-
4aTh, 110 Ha 6- Ta 24-y TOAUHU E€KCIIO-

14:1°
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YKupHOKMCIOTHUIA cknag 3aranbHux ninigie 6invx m’si3iB kopona 3a
rinokcu-rinepkanHiyHoro BNNMBY, BiCOTOK Bif 3ararnibHOro BMICTY
XUPHUX Kncnot, M £ m (n = 5).

Fatty acid composition of total lipids in carp white muscles
under influence of hypoxia and hypercapnia, % of total fatty
acid content, M+ m (n = 5).

EkcnepuMmeHT, roaguHa ekcnosmuii
HupHi knucnomm, % KoHTponb Experiments, exposure hour
FAs, % Control
6 24
14:0 0,60 + 0,13 0,51 + 0,13 0,48+ 0,13
14:1 0,20 + 0,04 0,29 + 0,04 0,33+ 0,03*
15:0 0,30 + 0,04 0,22 + 0,06 0,17+ 0,05
15:1 0,30 + 0,05 0,41 + 0,05 0,46+ 0,05*
16:0 22,50 + 0,81 11,28 + 1,26* 4,25+ 0,48*
16:1 4,70 + 0,46 5,70 + 0,46 6,30 = 0,42*%
17:0 4,70 + 0,46 5,70 + 0,46 6,30 + 0,42*%
17:1 0,40 + 0,03 0,49 + 0,03 0,54+ 0,02*
18:0 5,60 + 0,59 4,60 + 0,63 4,20 + 0,63
18:109 19,30 + 0,84 20,10 + 0,84 20,35+0,86
18:20w6 14,10 £ 0,67 15,76 + 0,63* 16,3+ 0,63*
20:0 0,40 + 0,06 0,31 + 0,07 0,25+ 0,06
18:3w6 0,70 = 0,06 2,20 + 0,38* 2,80 = 0,42*%
20:109 1,30 = 0,25 2,30 + 0,33* 2,80 = 0,29*%
18:3w3 1,70 = 0,12 2,40 £ 0,19* 3,30 + 0,33*
21:0 1,50 = 0,25 0,93 + 0,16 0,87+ 0,16*
20:206 0,30 = 0,07 0,41 = 0,09 0,48 + 0,08*
22:0 0,20 + 0,04 0,13 + 0,03 0,10 + 0,03
20:3w6 3,70 = 0,60 5,81 + 0,63* 6,83 + 0,68*
22:109 0,50 += 0,08 0,64 + 0,09 0,70 + 0,08
20:303 0,40 + 0,06 0,90 + 0,20* 1,40 + 0,34*
20:406 3,90 + 0,42 5,63 + 0,35* 7,28 + 0,70*
23:0 0,30 + 0,05 0,21 + 0,04 0,16 + 0,04
22:206 0,20 + 0,04 0,32 + 0,05 0,35 + 0,06*
24:0 0,20 + 0,02 0,13 + 0,03* 0,11 + 0,03*
20:503 7,60 + 0,59 8,30 + 0,59 8,70 = 0,50*
24:1 0,50 + 0,13 0,567 + 0,13 0,62 + 0,13
22:606 8,10 = 0,41 9,04 + 0,35*% 9,60 + 0,29*
Mpumitka: * — pi3HMUA CTAaTUCTUYHO 3Hayylwa BiAHOCHO KOHTPOM,

p < 0,05.

Note: * — the differences are statistically significant if compared with
control, p < 0.05




3UIIi1 TIMOKCHU-TIMEPKAITHIYHOTO BIUTUBY HA OpTaHi3M
pub BenmuunHa BigHOMIeHHs (M-3/®0-6) mns [THXKK
JimiAiB 01X M’s131B 3MEHILyBaJlacs IOPiBHSHO 3 KOHT-
ponem Ha 11,5 1 14,0% BinnosigHo nopsiz i3 OiIbLI 3HAY-
HUM 301JIbIIEHHSM BMICTY ®-3 1 -6 KUPHUX KUCIIOT.
Taka nuHamika Moke OyTH MOB’s13aHa 3 MPOLECAMH
Jiecarypalilii Ta enoHrarlii JKUpHUX KUCIOT [1].

Binomo, 1110 3MiHa CTyTNIeHsS HeHACHYEHOCT1 YKUPHHUX
kucnot (ocobnmBo 3a paxyHok [THXK poann ®-3 Ta
-6) MOYKe BiZIOYBaTHCS IIJISIXOM y4YacTi alliJI-JIITTHUX
®-3- Ta ®-6-mecaTypas, SKi 3MIHACHIOIOTH PEAKIIio
Jecaryparii KHPHUX KUCIOT y TMOJOXKEHHIX 3 1 6
BianosigHOo [20]. IIpo TXHIO aKTHUBHICTH CBITYUTH
3MiHa BeJTMIMHH 1HACKCIB Aecaryparii (BiTHOIICHHS
C,0607'C g3 Ta CZOAM/Cl?:zm). BigHomenus CZQAM)/

I820e K€ BiZOOpaKa€ piBEHb MEPETBOPEHHS JIHO-
JIeBOi KUCJIOTH B apaxiIOHOBY, 1S OLTHX M’ 31B Kopora
3pocio Ta Ha 6- Ta 24-y TOAMHU €KCIIO3HLii CTaHo-
Buyio 0,36 Ta 0,42 BiNOBIIHO, TOM SIK Y KOHTPOJIBHIH
rpyni e nokasHuk gopisHoBas 0,28. BimHomeHHs
C,, 605/ C 5303 AKE BimOOpaXkae piBeHb MeTabOI3MY
KHCIIOT POJUHU -3, 3HU3UIIOCS Ta Ha 6- Ta 24-y TOTH-
HHU €KCITO3UIIii JopiBHIOBaO 3,77 # 2,88 BiAMOBiIHO,
TOJ1 IK Y KOHTPOJIBbHIN TPy cTaHOBUIIO 4,76.

OTxe, 3a TIMOKCU-TIMEPKAITHIYHOTO BIUIUBY B JIi-
migax OLIMX M’si3aX KOpOIIa CIIOCTEePITaroThCs 3MiHU
AKTUBHOCTI allWJI-JIIMITHUX ®-3- Ta M-6-1ecatypas.
[loni6Hi 3MiHM aKTHBHOCTI JIecarypas 3a Jil WTyd-
HOTO Tirmo0io3y CHOCTEPIraloThCs 1 B IHIINX OpraHax
pud [1, 4, 12]. ﬁMOBipHO, AKTUBHICTb IIUX BHCOKO-
cneunpivyHauX GEepMEeHTIB 32 J1ii 30BHIIIHIX YMHHUKIB
CIIpsSIMOBAaHa Ha IiITPUMaHHs ONITUMAILHOTO PiBHS BiJ-
HOWEHHS (M-3/M-6) 3a paxyHOK KOHTPOJIO BMICTY
IMHXK.

Takum ynHoM, ockiabku [THIXKK Oe3nocepentbo
OepyTh y4acTh y perynsiii OiapIIOCTI KIITHHHHUX
nporiecis, To BusiBieHi 3mMiau criektpis [THXKK poxnn
-3 Ta -6 3a TINOKCH-TINEPKAHIYHOTO BIUIUBY (IITYY-
HOTO Ti1100103y) MOXHA PO3IIISIATH SIK MOOLITI3AIII0
aIaITUBHUX PEaKiii OpraHi3my.

BucHoBknu

[Iposeneni gocmimkenns XK-cnekrpa 3arans-
HUX JIMiAiB OUTMX M’s31B KOpoma CBiA4aTh Mpo Iie-
PEPO3IIOILT BMICTY )KUPHUX KUCIIOT B YMOBAX TTIOKCH-
TiMepKaHiYHOTO BIUIMBY PH 3HIKEHHI TEMIIepaTypu
(tuTyuHuit rino0io3), U0 TPU3BOIUTH IO 3HWIKEHHS
BMICTY HAaCHYCHMX Ta IMIABUIICHHS HCHACHYCHUX
KUPHUX KUCNOT. Haitbinpimmx 3min 3a3nat0Ts [THXXK
ponuH ®-3 Ta M-6, a came: TOKO3areKCaeHOBa, KO-
3aliCHTa€HOBA Ta apaxiJlOHOBa KHUCJIOTH, sIKI BOJIO-
JUIOTh BUCOKOKO METa0OII9HOI0 akTUBHICTIO. [lepen-
0avyaeThCs, 110 MITPUMAaHHS ONITUMAJIBHOT BETHUYUHI
CHIBBIIHOIICHHS M-3/()-6 MOXe BiI0yBaTUCS IUISIXOM
3aJTy4eHHs alluII-JIi THIX 0-3- Ta ©-6-1ecaTypas, a 1e
€ OJTHUM i3 TIPOsIBiB Oi0XiMiYHOI afjanTarii. Busiieni
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wering, increasing salinity or pressure, efc.), which
allowed this acid to be defined as an ‘adaptation acid’
[13]. Among the main PUFAs of the ®-6 family, the
largest changes occurred in arachidonic (C,, ) acid
(Table 1), which, being a part of cell membranes,
interacted with protein complexes, affecting the functio-
ning of receptors, transport and signaling systems [ 14].

It is known that PUFAs are precursors of biolo-
gically active substances [8, 1]. Arachidone -6 PUFA
derivatives are a series of thromboxanes and leuko-
trienes that enhance the permeability of the membrane
and cause inflammation, and the w-3 PUFA meta-
bolites, which are anti-platelets and anti-inflammatory
agents, contribute to the stabilization of membranes.
Therefore it is important to maintain the physiological
ratio of ®3/w6 PUFAs.

The results of our studies indicate that at the 6
and 24™ hours of hypoxic-hypercapnic exposure on
fish organism the ratio of (®-3/®-6) in case of white
muscle lipid PUFAs decreased if compared with the
control by 11.5 and 14.0%, respectively, along with a
more significant rise in the content of ®-3 and ®-6
fatty acids. This dynamics may be related to desatu-
ration and fatty acid elongation [20].

It is known that a change in the unsaturation deg-
ree of fatty acids (especially at the expense of PUFAs
of -3 and ®-6 families) can occur due to the parti-
cipation of acyl-lipid ®-3 and ®-6-desaturases, which
perform the desaturation of fatty acids at positions 3
and 6, respectively [19]. Their activity is evidenced by
the change in the values of desaturation indices (C , ./

22:6w3
Clgay and C,, J/C ratio). The ratio C2_  /

1s20e Which showsliﬁ%ﬁconversion rate of 1in814e(ni60
acid to arachidone one, for carp white muscles in-
creased, and to the 6™ and 24" hours of exposure was
0.36 and 0.42 respectively, whereas in the control
group this index was 0.28. The ratio C,  /C .
which reflects the level of metabolism of the family
-3 acids, decreased, and at the 6™ and 24" hours of
exposure was 3.77 and 2.88 respectively, while in the
control group that was 4.76.

Consequently, the changes in activity of acyl-lipid
-3 and ®-6-desaturase are observed in lipids of whi-
te carp muscles after hypoxic-hypercapnic effects. Si-
milar changes in the activity of desaturases under
artificial hypobiosis are found in other organs of
fish [20, 13, 10]. The activity of these highly specific
enzymes under the influence of external factors is
likely aimed at maintaining an optimal (®-3 / ®-6) ratio
by control of PUFAs content.

Thus, since PUFAs are directly involved into re-
gulation of the majority of cellular processes, the ob-
served changes in the ®-3 and ®-6 families PUFA
spectra under hypoxic-hypercapnic effect (artificial
hypobiosis) can be considered as mobilization of bo-
dy adaptive responses.
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moaudikarii BmicTy JKK mimiaiB 611ux M’ 318 Kopora
MOXHa nosiciuTy 3aiydeHHsaM KK no cucrem peak-
THBHOCTI OpraHizMy 3a Aii rino0ioTHYHNX YUHHHKIB, 110
3a0e3meuye ONTUMaJIbHy poOOTYy BCiX METa0OIIUHUX
MPOLIECIB.
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Conclusions

The performed studies of the FA spectrum of carp
white muscles total lipids indicated a redistribution of
the content of fatty acids under hypoxic-hypercapnic
effect following a decrease in temperature (artificial
hypobiosis), which led to a reduction of the satura-
ted and an increase of unsaturated fatty acids con-
tent. The -3 and ®-6 PUFAs underwent the most
prominent changes, in particular docosahexaenoic,
eicosapentaenoic and arachidonic acids, characterized
by a high metabolic activity. It is assumed that the
optimal ®-3/-6 ratio could be maintained by acyl-lipid
®-3 and w-6-desaturases, and this is a manifesta-
tion of biochemical adaptation. The revealed modifi-
cations of the content of FA lipids of white carp could
be explained by the involvement of FAs into systems
of reactivity of an organism under the effect of hypo-
biosis factors, that provided an optimal performance
of all metabolic processes.
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