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Oxygen Tension in Blood, Skeletal Muscles and Tissue Metabolism
Peculiarities of Liza aurata Risso Under Experimental Hypothermia

B ycIoBusiX SKCIIEpUMEHTA UCCIISI0BaHO BIMSIHUE TEMITepaTyphl B quanasone 1...15°C Ha HanpsbKeHHe KUCIopoia U HalpaBIICHHOCTh
MeTabOoIMYECKHX MPOLIECCOB B CKENETHBIX MbIIIax kedanu-cuuruis (Liza aurata Risso). [lokaszano, uro runorepmus (5°C 1 HUKe)
BBI3bIBAJIA PA3BUTHE TKAHEBOW rUnokcuy. OHa HOCHUJIa BTOPUYHBIN XapaKTep U NPOSBISUIACH B YBEJIMUEHUH YHCIIa THIIOKCHYECKUX 30H
B MBIIIEYHOH TKaHU, CHIPKEHHHN CPEIHEMBIIIEYHOTO ¥ BEHO3HOT'O HAIIPSDKEHUS KUCTIOPOa POz' 3T0 NPUBOAMIO K YCHUIICHUIO aHA3POOHBIX
IIPOILIECCOB B MBIIIIAX, O YEM CBUJETEIbCTBOBAIN YBEIMUEHUE COACPIKAHU TaKTaTa, CHUKeHue ypoBHs AT®, a Takke yMeHbIlIeHHe
BemuuHbl pH BeHo3HO# kpoBu. [Ipu Temneparypax Onu3kux k 5°C B oprann3me Ke(anu-CHHIHIIS OTMEYai pa3BUTHE KOMITCHCAIIMOHHBIX
IPOLIECCOB, KOTOPBIE NPOSBIISUINCH B IIOJTHOM MJIM YaCTUYHOM BOCCTAHOBJICHUHU HANPsDKEHHS KMCIOPO/a B MBIIIIIAX M BEHO3HON KPOBU
IPY NapajyieIbHOM [OJaBJICHUH aHA3POOHBIX mporieccoB. UxX a3 dhekTHBHOCTh yTpaunuBaiach ¢ HOHMKSHUEM TeMIICPaTyphl, a pH
1...2°C oHH BBISIBIICHBI HE OBLTH.

Knroueswie cnosa: runotepmus, CKeJIETHBIE MBIIIILIBL, HAIPSHKEHUE KUCIOPO/Ia, TKAHEBAst TUITOKCHSI, aHadPOOHbIE IPOLIECCHI, MOPCKHE
PpBIObL.

B yMoBax eKcIiepUMEHTY IOCIiJKeHO BILIMB TeMmepaTypu B fiama3oHi 1...15°C Ha HanmpyKeHHs KHCHIO i CHPSMOBaHICTb
MeTaboJIIYHNX HPOLECIB Y CKeIeTHUX M’ s13ax Kedaii-cuuruist (Liza aurata Risso). [Tokazano, o rimorepmist (5°C Ta HUx4e) BUKIMKaIA
PO3BHUTOK TKaHUHHOI Tinokcii. Bona mMana BropuHHuil Xapakrep i BUSBIsIacs B 301IbLICHH] KIJIBKOCTI TITOKCUYHUX 30H Y M’530Biit
TKaHWHI, 3HIKEHHI CepeHbOM SI30BOI'0 Ta BEHO3HOT'O HAMIPY)KEHHS KUCHIO POz' e mpu3BOIMIIO 1O MiJCHIICHHS aHACPOOHUX MIPOLIECiB
y M’si3ax, IPO IO CBIAYMIIM 301IbIICHHS BMICTY JIaKTaTy, 3HIKEeHHsI piBHI AT®, a Takox 3MeHIIeHHs 3HaueHHs pH BeHO3HOT KpoBi. 3a
Temieparyp O6nu3bkux 10 5°C y opranizmi kedaiti-CHHIIS BiIMIYEHO PO3BUTOK KOMITEHCALIIHHUX IPOLIECIB, SIKi BUSBIISUIICH Y IOBHOMY
a00 YaCTKOBOMY BiJIHOBJICHHI HAIPY)KEHHsI KHCHIO Yy M’sI3aX 1 BEeHO3HIl KPOBI IIPH MapaJieIbHOMY IPUTHIYSHH] aHaepOOHUX NPOLECB.
Ix edexTuBHiCTH BTpauanack 3i 3HUKEHHAM TeMIeparypH, a ipu 1...2°C ix He 6y/o BUABJIEHO.

Kniouosi croesa: rinotepMisi, CKeNeTHI M’ 5131, HALIPY)KESHHsI KUCHIO, TKAHMHHA TIIOKCisl, aHaepoOHi poriecu, MOPChKi puou.

Influence of temperature within 1...15°C range on oxygen tension and metabolic processes orientation in skeletal muscles of Liza
aurata Risso was investigated under experiment conditions. It was shown, that hypothermia (5°C and lower) caused the development
of tissue hypoxia. This phenomenon was of secondary character and was connected with increase of number hypoxic zones in a
muscular tissue, decrease muscle and venous POz' It resulted to activation of anaerobic in muscles. It reflects a rise of the lactate
content, decrease of ATP level and also fall of pH value in venous blood. At temperatures close to 5°C in a mullet organism marked
development of compensation processes. They have been shown in full or partial restoration PO2 in muscles and venous blood at
parallel suppression anaerobic processes. Their efficiency was lost with temperature fall. At 1...2°C they were not revealed at all.

Key-words: hypothermia, skeletal muscles, oxygen tension, tissue hypoxia, anaerobic processes, sea fishes.

ConeprxaHue TEIUIONIOOUBBIX BUIOB PHIO ITPH TEM-
riepaType Boabl HIxKe 5—7°C 9acTo COMpPOBOXKIACTCS
pa3BuTHEM ac(HUKCHU. ITO COCTOSTHIE HEPEIKO BO3HH-
KaeT y pbI0 Ha PHIOOBOMHBIX XO3SHCTBAX W SBIISACTCS
MIPUYMHOIN MacCOBOM rudeiy mocajoqHoro MaTepraa
[6, 11]. HanHas peakmus B OMpEaSICHHON CTEIEHU
napajokcajibHa, TaK KaKk pa3BUBACTCS MPU CHUKCHHUU
MOTPEOHOCTH OpPraHUu3Ma B KUCIOPOE U MOBBIIICHUN
€r0 PaCTBOPUMOCTH B BOJIE, TKAHEBBIX U IIUPKYJISAIHOH-
HBIX Cpeiax.
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The keeping of homoiothermal fish species at water
temperature below 5-7°C is frequently accompanied
with the developing of asphyxia. This state appears as
often as not in fish in fishing farms and is the cause of
mass death of stocking material [6, 11]. This reaction is
paradoxical in a certain extent, since it develops during
reduction of organism need in oxygen and increase of its
solubility in water, tissue and circulation media.

It has been shown that hypothermia may cause
significant reorganization of tissue metabolism in

'Institute of Biology of the Southern Seas of the National Acad-
emy of Sciences of Ukraine, Sebastopol, Ukraine

2Sebastopol National Technical University, Sebastopol, Ukraine
* To whom correspondence should be addressed: 2, Nakhimova
ave., Sebastopol, Crimea, Ukraine 99011; tel.:+380 692 54 3456;
e-mail: alekssoldatov@yandex.ru

PROBLEMS
OF CRYOBIOLOGY
Vol. 19, 2009, N23



[Toka3zaHo, 4TO THUIOTEPMUST MOXKET BBI3BIBATH CY-
IIECTBEHHYIO PEOPraHU3aIMIO0 TKAHEBOTO METabO0ITH3-
Ma y IOWKHJIOTEPMOB B HAlpaBICHUU aHAa3POOHBIX
npoueccoB. B ycnoBusx runorepmMun y ppio 0TMEYEHO
MOBBIILICHUE COJIEPIKAHUS JIAKTaTa IIPH OJTHOBPEMEH-
HOM CHIDKEHHH YPOBHA MeTaboiuToB nukia Kpebca
(okcanoanerara, Majiara, O-KeToriyTapara) Ha (oHe
YMEHbBIIECHUSI CyMMBI aICHUJIOBBIX HYKJICOTHIOB H
SHEPTreTUIECKOTO 3apsana kierku [1, 3].

OcoObIli HHTEpEC NPEACTaBIsSST HHAYKIUA 00pa-
3oBanus HIF-1 (hypoxia inducible factor) B ycnoBusix
HU3KHUX TemmepaTyp [15]. CpaBHUTENBHO HEABHO
JAHHBIN QakTop ObUT MASHTU(UIHUPOBAH B ILIa3Me
kpoBH (opeeii [23]. U3BectHo, uto HIF-1, Hapsiny ¢
JOPYTHMH JIOKYCaMy T€HOMa, SKCIPECCUPYETCSI TUITOK-
cueii [13, 17]. D10 03HAUAET, UTO TUIIOTEPMUS TOJIKHA
HA3MEHATh KUCIIOPOAHBIA PEKUM TKaHEH.

Lenb paboThI — UCCIIEIOBAHUE B YCIOBUSIX DKCIIE-
pUMEHTa BIMSHUSA THIOTEPMHHU HA HaIpsKEHHE
KHCJIOPO/a B CKEJIETHBIX MBILINAX, apTepUaIbHON H
BEHO3HOU KPOBH, a TAKXKE COJIEPKaHHE Psiia TKAHEBBIX
MeTaboInTOB y Kehaar-CHHTHIIS.

Marepnaabl n metoabi

B pabote ucmons30Baiy B3pOCIBIX 0co0el keda-
nmu-cuHTIIA (Liza aurata Risso) 000ero 1mosia B Bo3pac-
Te 3—4 NeT B COCTOSIHUU OTHOCHUTENBHOTO (PU3UOIOTU-
geckoro nokosi. Bec Tena prios! coctasmnsin 140-250 T,
umHa — 22-27 cMm.

DKCNepUMEHTHI ObUTH BHIMOHEHBI B aKBapUyMax
BMecTUMOCTBIO 1,5 M?. KoHTpOnbHYtO rpyriy phib co-
Jeprkanu npu temneparype Boasl 15 £ 1°C. B xone
OIIbITa TEMIIEPATYPY CHUKAIH cO cKopocThio 0,2°C/u
ot 15 o 1°C, ocTamsisi B mporiecce CHHYKEHUS TPYIIIBI
ocobert mpu 10+ 1,5+ 1u 1 + 1°C. Ilocne atoro uc-
CIIEOBANIM AJaNTaLMIO K YKa3aHHBIM TEMIIepaTypam
B TeueHue 40 cyTok. Peructparuio nokasarenei, oT-
00p Ipo6 KpOBH U TKaHEH mpoBoawH Ha 1-5, 14—-15 1
41-46-e cyTku comepxkaHus. B skcnepuMeHTe Kax-
JI0H OTIBITHOM IpyTIIe pHIO COOTBETCTBOBAIA KOHTPOIIb-
Hasl.

[IpoOs1 apTepranbHO 1 BEHO3HOI KPOBH MOTyYaIl
COOTBETCTBEHHO IyHKLHKEH T0pcaibHON a0pThI (aorta
dorsalis) u XBOCTOBOU BeHbI (Vena caudalis) B mmpuir
o] CJIO¥M BazenmmHOBOTO Macia [16]. OOpa3Iisl MbI-
[IeYHON TKaHU OTOMpay U3 O0NbIIoN Oenoi 60KOBOMH
(musculus lateralis magnus) 1 MOBEPXHOCTHOM
KpacHOU OoxoBoii (musculus lateralis superficialis)
MBIIIII], PACTIOJIO’KEHHBIX 1103311 CITHHOTO TIJIAaBHHKA.
B mMomeHT oTO0pa mpod U perucTpaluy mokasarenen
MIPUMEHSIIN YPETAHOBYIO aHECTE3HIO [9].

Hanpspkenne kucaopoia B MBIIIIIAX U3MEPSUITN TPH
TTOMOIITN OCTEKJIOBAHHBIX ITATHHOBBIX MUKPOIJIEKTPO-
JIOB C TraMeTpoM KoH4umka 4—6 MkM. VX m3roraBmm-
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poikilotherms towards anaerobic processes. Under
hypothermia in fish there has been noted a rise in the
content of lactate at simultaneous reduction of Krebs
cycle metabolite level (oxaloacetate, malate, alpha-
ketoglutarate) on the background of the decrease in
the sum of adenyl nucleotides and energetic cell charge
[1, 3].

Of special interest is the induction of HIF-1 (hypo-
xia inducible factor) formation under low temperatures
[15]. Quite recently this factor was identified in blood
plasma of trout species [23]. It is known that HIF-1
along with other genome loci is hypoxia expressed
[13, 17]. This means with hypothermia should change
oxygen regimen of tissues.

The research aim is to study under experiment the
effect of hypothermia on oxygen tensions in skeletal
muscles, arterial and venous blood, as well as the
content of some tissue metabolites in golden mullet.

Materials and methods

In the research there were used golden mullet adult
individuals (Liza aurata Risso) of both sexes aged
from 3 to 4 years in the state of relative physiological
quiescence. The fish body weight was 140-250 g,
the length was 22-27 cm.

The experiments were carried-out in 1.5 m? aqua-
riums. The control group of fish was maintained at
temperature of water 15 + 1°C. During the experiment
the temperature was reduced with the rate of 0.2°C/h
from 15 to 1°C, remaining during the reduction the
groups of individualsat 10+ 1,5+ 1, 1 £ 1°C. After-
wards there was investigated the adaptation to the
mentioned temperatures for 40 days. The recording
of the indices, blood and tissue sampling were
performed to 1-5, 14-15, 41-46 keeping days. In the
research each experimental group corresponded to
the control.

The samples of arterial and venous blood was
derived correspondingly by the puncture of dorsal
aorta (aorta dorsalis) and caudal vein (vena
caudalis) into a syringe under the layer of liquid
petrolatum [16]. The samples of muscular tissue were
derived from large white lateral (musculus lateralis
magnus) and superficial red lateral (musculus
lateralis superficialis) muscles located behind the
back fin. At the moment of samples’ deriving and
recording of the indices there was used urethane
anaesthesia [9].

Oxygen tension in muscles was measured using
vitrified platinum microelectrodes with the tip diameter
of 4-6 pm. They were produced, worn-out and calib-
rated on the previously described method [2]. To intro-
duce the electrodes the skin was pierced to the depth
of 7-8 mm (white muscle) and 3—5 mm (red muscle),
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BaJIM, COCTApPUBAJIN U KaJIHOPOBAJIH 110 METOLY, OIH-
caHHOMYy pasee [2]. JIns BBEAECHUS 3IEKTPOIOB KOXKY
MIPOKAJIBIBAIM Ha TyOHHY 7—8 MM (Oernas MpILILa) U
3—5 MM (KpacHasi MBIIILA), IPEABAPUTEIHHO YIAINB
yemryto. 11o xomy IBMXKEHUS 3JEKTPoAa MPOBOAMIN
otnenbHbie u3Mepenus (100 mis xaxmoro Tuma
MbIIIeYHO# TKaHu). uddy3noHHBIH TOK KUCIOpoaa
pu noTeHImane nojspusanuu 0,55-0,65 V peruct-
PUPOBANH C TOMOIIBIO YCHITUTENS IIOCTOSHHOTO TOKA
OP-925 (“Radelkis”, Benrpusi). B xauectBe Bciomo-
raTeJIbHOTO 3JEKTPOJa NIPUMEHSIN CTaHIAPTHBIHI
KaJIOMENbHBIN 371eKTpo. [laHHbIe, MONIy4YeHHBIE OT
pasHbIX 0co0eH, 00bEANHSIIN U CTPOWIH CyMMapHbIe
THCTOTpaMMBI paciipenencHus P, > @ TAKIKe paccn-
TBIBAJIM CPEIHEB3BEILICHHYIO BCJ'II/I‘{I/IHy P.o )

F.o, = k, Fo, * kP, w0y’
ek, nk,— K03 (PUILIMEHTHI COOTHOIICHUS KPACHBIX
1 OenbIX MbIIII B Tene peid, %; P, u P, — Hanps-
KEHHUE KHCIOPOJIa B KPACHBIX H 6em)1x Mmmuax
Hanpsokenue kuciopoa B mpobax apTepHalibHOI
P ) 1 BEHO3HOH (P ) KpOBH, a TaKX€ BEINUYNHY
pH I/I3Mep${J'II/I Ha aHaJm3aTope OP-210 (“Radelkis”,
Benrpust). CpennexanuuisipHOE HAIIPSKEHUE KUCTIO-
pona (P, 02) paccuuThIBaNy Mo ypaBHeHHIO bapkpod-
Ta:

134-02 + 2Pc02
3

ITo BenuuuHam P ) Rt P <0, OTPEAEIISII BENMUHY
reMaTonapeHngaTosHoro rpazmeHTa (P. w0, ):

0, =

P

Pc-mOZ = COZ - PmOZ'

Konuentpaunto AT® B MplIIax OLEHUBAIH 110
merony Jlammpexra u Tpotimonbaa [5], 0CHOBaHHOTO
Ha COYETaHUH ABYX (EPMEHTATUBHBIX PEaKIHil C
y4acTHeM T'eKCOKMHAa3bl U TII0K030-6-pocdaraerun-
porenasbl. B paboTe ncnonp30Bany cTaHgapTHEIE TIpe-
napatel 3TuX (hepmenTos (“Sigma”, CIIIA) akTuBHOC-
Th10 500 1 1000 U cootBercTBeHHO. CoepKaHME JIaK-
TaTta B KPOBH M MBIIIEYHONW TKaHU OMPEAEISITH 10
(hepMeHTaTHBHOMY METORY X0XOpCTa [5] ¢ TOMOIIHI0
npenaparta Jakraraernaporenassl (“‘Lachema”, Yexus).

Craructuueckas 00paboTtka u rpadudeckoe ohop-
MJIEHHE MOJIYyYEHHBIX PEe3yJbTaTOB MPOBEAEHHI C
pUMeHeHHeM cTanaapTHoro nakera Grapher (Bepcus
1.25). PesynpraTel mpencTaBieHsl B BUIE X * SX .
3HAaYUMOCTh Pa3JINYHUM OLEHUBAIU NPHU IMOMOLIN
Henapamerpudeckoro U-kputepus Manna-Yurthu [7].

Pe3yabTatbl M 00CyxA€HHe
XapakTep U3MEHEHUH, BBI3bIBAEMbBIX TUIIOTEPMUEN
B OpranmimMe Kedaiu, 3aBUCENl OT BEIMYMHBI TEMIIe-
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removing preliminary removal of scale. Along the
electrode movement there were done the measu-
rements (100 for each type of muscular tissue). Diffu-
sive oxygen flow at polarization potential of 0.55—
0.65 V was recorded using the direct current amplifier
OP-925 (“Radelkis”, Hungary). As an additional
electrode there was applied the standard calomel
electrode. The findings from different species were
joined and the summarized diagrams of P, distribution
were built, as well as there were calculated the weight
average value (Pmoz)'

+ kP

= kl R‘O 2 wO ’

Pmo2
where k| and k, — the coefficients of the ratio of red
and wh1te muscles in fish, %; P 0, and P , —oxygen
tensions in red and white muscles.

Oxygen tension in the samples of arterial (P, )
and venous (P, ) blood as well as pH value was
measured with tlle analyzer OP-210 (“Radelkis”,
Hungary). Mean capillary oxygen tension (P, , ) was
calculated on Barcroft equation:

P

Py, +2P
0, =

c02
3

On the values P O, and P, there was found the
value of hemato- parechymatous gradient (P__):

P

Pc-mOZ - "02 - IDmOZ'

ATP concentration in muscles was assessed on
the method of Lampreht and Trautschold [5], based
on the combination of two enzyme reactions with
participation of gexogenase and glucose-6-phosphate
dehydrogenase. In the research there were used stan-
dard formulations of these enzymes (Sigma, USA)
with activity of 5000 and 1000 U, correspondingly.
The content of lactate in blood and muscular tissue
was found on Hohorst enzyme methods [5] using
lactate dehydrogenase (Lachema, Czechia).

Statistical processing and graphical presentation
of the findings are given using the standard software
Grapher (version 1.25). The results are given as
x £ Sx. The significance of differences was
estimated with non-parametric U-criterion of Mann,
Whitney [7].

Results and discussion

The character of hypothermia-caused changes in
mullet depended on the value of temperature gradient
and its adaptation duration to new temperature
conditions.
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paTypHOTO TpalieHTa 1 MPOAOJIKUTEILHOCTH €€ a/iall-
TaIl K HOBBIM TEMIIEPATYPHBIM YCIOBHSM.

Temnepamypa 10°C. CHUXEHHE TeMIepaTypsl
BOJbI B nuamnasone 10-15°C cyiiecTBeHHO BIUSIO Ha
aprepuanshoe (P , ) u Benosuoe (P , ) HaIpsDKCHUE
Kucnopoza (Tad. 13 [lanHble T0KA3aTEITH HE H3MEHsI-
JUCH B TEUEHHUE BCEro nepuopa HabmogaeHui (41—
46 cytok). Pacuer cpennexanumisipuoro (P, ) u
cpemHeMbIeuHoro (P ) HaIpsKEHUS Kncnopo;[a
TOKa3aJl, 9To €ro ymnmauml CKEJIETHBIMHU MBIIIIIAMHU
IPOMCXOIHIIA IIPU MPEKHEM IPajUeHTe [, , CymecT-
BYIOLIEM MEKIY KPOBBIO U MBIIIEYHON TKaHbIO. Be-
nnyuHa P w0, COCTABIISANA B CPEIHEM OKOIO 60 rlla.

B pacnpe;[eneHI/m Fy, B MBILIIAX TAKXKE HE HaOo-
JlaI CYIIECTBEHHBIX I/ISMCHCHI/II/I (puc. 1, 2). Yucno
TUIIOKCHYECKHX 30H (MeHee 8 Tl]a) B KpacHBIX MBIIIIIaX
0CTaBaJIOCh Ha YPOBHE KOHTPOIBHBIX 3HadeHNH (3—8%),
B O€JBIX MBIIIIAX OHO HECKOJIBKO CHMKANOCh (46—
54%), 4TO CBUIETENbCTBYET 00 YMEHBIICHNH YHCIIa
TUIIOKCHYecKnX 30H Ha 11-19%.

[Tpu remneparype Boasl 10°C KoHIEHTpaLHs JIaK-
TaTa B KPOBH M MBIIIIAX, apTEPHOBEHO3HAs Pa3HULA
no pH (pH, ) y ocobeli kedanu octaBanich Ha ypoOBHE
KOHTpOJBHBIX BenmunH. Conmepxanue AT B MpITmax

Temperature 10°C. Water temperature reduction
within the range of 10-15°C significantly affected
arterial (P, ) and venous (P, ) oxygen tension
(Table 1). These indices did not alter during the whole
observation period (41-46 days). The calculation of
mean capillary (P, ) and mean muscular (P, , ) oxy-
gen tension has shown that its utilization by sf<e1etal
muscles occurred at previous gradient P, > existing
between blood and muscular tissue. The value P,
made in average about 60 gPa.

In distribution of F, 1n muscles no changes were
observed as well (Fig. 1 , 2). The number of hypoxic
zones (less than 8 gPa) in red muscles remained at
the level of the control values (3—8%), in white musc-
les it decreased slightly (46-54%), that testifies to
the decrease in the number of hypoxic zones by 11—
19%.

At water temperature of 10°C the concentration
of lactate in blood and muscles, arteriovenous differen-
ce on pH (pH, ) in mullet individuals remained at the
level of the control values. ATP content in muscles also
did not differ statistically and significantly (Table 2).

Temperature 5°C. Arterial oxygen tension during
the experiment kept at the level of the control values

-m0,

Tabmauna 1. HanpsokeHne KUciopoa B KPOBH U MBIIICYHON TKAHH Ke(aTi-CHHT IS
B YCIIOBHAX 3KCIIEPUMEHTAIBHOM THIIOTEPMUHT

Table 1. Oxygen tension in blood and muscular tissue of golden mullet under experimental hypothermia

YcnroBHS 9KCIIEpUMEHTa Hamnps>xerne kucaopoaa,rila
Experimental conditions Oxygen tension, gPa
Kposs MBIIIbI
Temneparypa,’C AMATEABHOCTB,CYT Blood Muscles
Temperature, °C Duration, days
n Pa()'z Pv()'z P(‘()'z n Pm’z Pw()2 Pv()Z P(‘ —mO2
15 KOHTPOAB 8 114,2+5,6 48,2+2,5 70,3%+3,1 5 28,2+0,8 7,28+0,20 10,0+0,1 62,6+4,4
1-5 7 110,3=4,1 51,2%+2,1 70,9=1,4 5 27,9+0,6 | 8,34=0,60 10,9+0,6 58,3+1,3
10 14—15 8 118,3+4,7 53,0+1,8 74,8+1,6 5 27,1+1,1 7,90=+0,50 10,4+0,5 62,4+1,6
41— 46 6 115,6+4,6 49,7+2,5 71,7+23 5 26,6+0,5 8,48=+0,70 10,8+0,6 59,123
1-5 6 118,4=3,1 38,4+=1,4 65,1+1,9 5 16,8+0,5 5,99=+0,59 7,4%=0,5 57,9=+2,1
5 14—15 8 119,6*2,9 43,1+19 68,6+2,2 5 23,8+0,6 5,95+0,31 8,3%=0,3 57,3%+2,6
41—46 8 123,0+3,2 44,3+1,7 70,5+2,1 5 26,9+0,7 6,91+0,35 9,5+0,3 60,6+2,6
1-5 6 115,6+3,4 29,1=1,5 57,9%2,0 5 14,3+0,4 6,21+0,42 7,3+0,4 50,2+2,4
1-2
14—15 7 114,7+2,8 29,4=1,4 57,8+1,8 5 15,0=0,7 5,75+0,48 7,0%+0,3 50,4%+2,6

Mpumeyanusi: n — konuyecTBo ocobdeit; P, , P,

CpeIHeKanUIIPHOE HaNpshKeHe kuciopoaa; P P

109> 1 w0y
HaIpsDKEHUE KUCI0POa; PL 0,

Notes: n — number of individuals, Pao P, —
P _ —oxygen tension in red and white muscles; P,

dzmuscular tissue.
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oxygen tension in arterial and venous blood; P,
—mean muscular oxygen tension; P_

293

— HaIpsDKCHHE KUCIOpOAa B apTepHajbHON M BEHO3HOHW KpOBH; P{O2 -
~ HaNPSDKEHHE KUCIIOPO/IA B KPACHBIX U Oenbrx Mpnmax; P
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TaKXKe He MPEeTepPIeBANI0 CTATUCTUYSCKN 3HAYMMBIX
n3MeHeHui (Tabm. 2).

Temnepamypa 5°C. AprepralbHOE HANPSKCHUE
KHCJIOpOJIa B TEUCHHUE OMBITA OCTABANIOCh Ha YPOBHE
KOHTPOJIFHBIX 3HaueHuH (Tabmn. 1), a BeHO3HOE B
HayaJIbHBIN mepuon agantanuu (1-5 cyTku) cHuxa-
nochk Ha 9,8 rlla (p < 0,01). DTo mpoucxoamso Ha (hoHe
YMEHBIIIEHHUS CPEHEMBIIIICYHOTO U CPETHEKAITMIIISIP-
HOTO HampspKeHHs Kuciaopona. B cpaBHEeHMH ¢ KOHT-
POJEHBIMU BEIMYHHAMH B KPaCHBIX MbIIILAxX F,
ymensbInanock Ha 40% (p < 0,001), B 6enbix —Ha 18%
(p<0,01). ITpu 5T0M 1 y3uonHbIi rpaguent P 0
He u3MeHsiics. Habmonanacs TeHIeHIUs K YMEHbIIIe-
HUIO 3Ha4YeHUH P ) (He oonee 5 rlla).

Ananms pacnpeneneHMﬂ F,, B MBIIICYHOI TKaHH
MmoKasaJl yBeJIMYeHUE yuclia THITOKCHUECKHX 30H
(puc. 1, 2). B kpaCHBIX MBIIIIIAX MAKCHMYM pacrpese-
JICHUS CMEUIAJICsl OTHOCHTEIBHO KOHTPOJIBHBIX AaH-
HbIX Ha 10 rlla BiaeBo. Ync0 THIIOKCHYECKUX 30H (Me-
uee 8§ rlla) ysenuunBanock B 2,6 pa3a U COCTaBIISIIO
13% ot o01ero ynucna u3MepeHuil. AHaTOTHYHBIE U3~
MEHEHUsI IPOUCXO/IVITH B OITBIX MBIIIIaX. Makcumym
pacmpeznesnenus Obl1 cMelieH Ha 2 rlla BneBo, a 3Haue-
aus meree 8 rlla nocturamm 32%, uro Ha 88% Oonblire,
4yeM y 0co0eil KOHTPOJIbHOU TPy IIIHL.

(Table 1), and venous £, in initial period of adaptation
(1-5 days) reduced by 9. 8 gPa (p<0.01). This occurred
on the background of reduction of mean muscular and
mean capillary oxygen tension. In comparison with
the control values in red muscles R, decreased by
40% (p<0.001) and by 18% in white ones (p<0.01).
herewith the diffusive gradient P, did not alter.
The trend to a reduction of P, Values was observed
(not more than 5 gPa).

Distribution analysis of F,, in muscular tissue has
shown the rise in the number of hypoxic zones (Fig.
1, 2). In red muscles the maximum of distribution shif-
ted in respect of the control data by 10 gPa leftwards.
The number of hypoxic zones (less than 8 gPa) increa-
sed in 2.6 times and made 13% from total measure-
ments. The same changes occurred in white muscles.
The distribution maximum was shifted by 2 gPa
leftwards and the values less than 8 gPa reached 32%
that by 88% higher than in the individuals of the control
group.

During adaptation to the temperature of 5°C within
5 days the rise in lactate content in mullet skeletal
muscles was noted by 39-46% (p<0.001) (Table 2).
Simultaneously the concentration of lactate in blood
increased up to the level of 164.5£13.0 mg/1, that by

Taomnua 2. Koanenrpamus AT, makrara v pH KpoBH B MBIIITIaX Ke(alu-CHHT WIS
B YCJIOBUSX DKCIIEPUMEHTATBHON TUTIOTEPMHUH

Table 2. Concentration of ATP, lactate and pH in muscles’ blood of golden mullet under experimental hypothermia

v AT®, MKMOAB/T CBIPOTO
CAOBWSI 9KCIIEpUMEHTa Boca AaKTat, MI/T CBIpOTO Beca (A KpOBH) pH
Experimental conditions ATP, mmol/g of raw mass Lactate, mg/g of raw mass (I of blood)
TeMH‘fIéaTypa' AAATEABHOCTD,
Tem erature, CYT n T w n w a n a v a—v
E,C ' | Duration, days
15 Kggﬁg(")’l“’ 8 | 1,60=0,21 | 4,09=0,18 | 8 | 1,69=008 | 1,88+=0,09 | 110,4=68 | 8 | 780=0,03 | 7,78=0,03 | 0,018%0,004
1-5 5 | 1,70=0,22 | 4,10=0,18 | 5 | 1,64=0,07 | 1,92=013 | 1059=76 | 7 | 791=0,03 | 790=0,03 | 0,014=0,004
10 14—15 6 | 1,72+0,19 | 4,02%0,12 | 6 | 1,72+0,11 | 1,82=0,08 | 111,8%89 | 8 | 793%0,02 | 7,92+0,02 | 0,014%0,004
41—46 5 | 1,64%0,20 | 3,94=0,18 | 5 | 1,58=0,07 | 1,84=0,14 | 103,7%=6,9 | 6 | 7,90+0,02 | 7890,02 | 0,013=0,004
1-5 6 | 098=0,17 | 284=014 | 6 | 2,35=0,12 | 2,75%=0,13 | 164,5=13,0 | 8 | 7,89%0,02 | 7,84%0,02 | 0,043%0,004
5 14—15 7 | 1,49+0,18 | 324=0,15 | 7 | 1,99=0,12 | 259009 | 1358%67 | 8 | 794=0,02 | 792=0,02 | 0,0180,003
41—46 5| 1,58%0,22 | 3,38=0,15 | 5 | 1,82%=0,07 | 2,52=0,11 | 121,7%7,1 | 7 | 7,98+0,03 | 797=0.03 | 0,011=0,003
1-5 5 | 092%0,10 | 2,48%=0,16 | 5 | 2,92=0,17 | 3,84=0,18 | 216,3=14,7 | 6 | 7,92+0,02 | 787=0,02 | 0,045%0,004
1—2
14—15 5| 078=012 | 1,84=0,16 | 5 | 3.86=0,18 | 4.76=0,16 | 276,7=149 | 7 | 7,94=0,02 | 790002 | 0,043%0,004

IpuMevaHusi:n — KOIUICCTBO 0COOCH; #, W — TaHHBIC OTHOCHTEIBHO KPACHBIX M OEJBIX MBIIII COOTBETCTBEHHO; @, V —
OTHOCHTENBHO apTepUaIbHON U BEHO3HOIN KPOBH COOTBETCTBEHHO.

JIaHHBIC

Notes: n —number of individuals, the same in brackets; r, w — data regarding red and white muscles; a, v — data regarding arterial and
venous blood.
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[lpu apanrarnuu k Temnepatype 5°C B nepBbie
5 CyTOK OTMEYalli YBETTMUEHUE COACP KaHUS JTaKTaTa
B CKEJICTHBIX MbIIIIax kedanu va 39-46% (p < 0,001)
(Tabmn. 2). OMHOBpEMEHHO MOBBIIIATACH KOHIIEHTPALIUS
JlaKTaTa B KpOBH 10 ypoBHs 164,5 £ 13,0 mr/i, uto Ha
49% (p <0,001) BpIIIE KOHTPOIBHBIX 3HaYEeHHH. KpOBb,
OTTEKAIOIIasi OT MBI, TOABEPrajach 3HAYUTEINb-
HOMY 3aKHCJIEHUI0. ApTepruoBeHO3Has pazHula o pH
B CPaBHEHWH C KOHTPOJIEM yBeJIM4YHMBajach B 2,4 paza
(p < 0,001). Conepxanne AT® B MBIIIEIHON TKAHU
yMmeHnsbInanoch Ha 31-39% (p < 0,05).

[IpomomxurensHas aganTanus ocodeit kedamu K
5°C (41-46 cyTOK) CONpPOBOXKaNach Pa3BUTHEM B
OpraHn3Me KOMITEHCAIIMOHHBIX MporeccoB. Haganb-
HbIC U3MCHCHUA [j, B KPACHBIX MBIIIIAX HOTHOCTHIO
HUBEIMPOBAINCE. XapakTep pacnpejencuus F, B
MBIIIEYHOU TKAaHU U PmO2 BOCCTaHaBJINUBAJINCH IO
KOHTpOJbHOTO ypoBHS. Conepkanue AT®, nakrara B
KpOBH U KPacHBIX MBIIIIIAX, BennyuHa pH HopMmanu3o-
Bajuch. B OenpIx Mplmmax oTMe4add BOCCTAHO-
BIICHHE PmO2 TONBKO Ha 72%. UHCIIO THTIOKCHIECKIX
30H B TKaHU HECKOJIBKO YMEHBINAN0Ch. OTHOBPEMEHHO
MOBBIIANIOCH 3HAYEHHE PO2 B BEHO3HOH KpoBU. O1HAKO
[0 CPAaBHEHUIO C KPACHBIMH MBIIIIAMU B OEJIBIX
MBIIIIAX Pa3Iudus CTATUCTHYCCKHA ObUTH HE3HAYH-

49% (p<0.01) higher than the control values. Blood
reflowing from the muscles was subjected to signifi-
cant acidulation. Arteriovenous difference on pH if
compared with the control increased by 2.4 times
(p <0.001). Muscular tissue ATP reduced by 31-39%
(p <0.05).

Prolonged adaptation of mullets to 5°C (41—
46 days) was accompanied by the development of
compensation processes in an organism. Initial chan-
ges of F, in redmuscles were completely neutralized.
The character of 17 distribution in muscular tissue
and P, 0, restored to the control level. Content of ATP,
lactate in blood and red muscles, pH value were nor-
malized. In white muscles there was noted the resto-
ration of Pmo2 only by 72%. The number of hypoxic
zones in tissue slightly reduced. At the same time the
value £, in venous blood increased. However in the
white muscles the differences were not manifested
statistically if compared to red ones. The parameters
of tissue metabolism (lactate, ATP, pH) were not
restored.

Temperature 1-2°C. At 1-2°C there was found
significant reduction of P, P,o, and P,q,, corres-
pondingly (p<0.01) (see Table 1). Oxygen tension in
red muscles reduced by 49% (p<0.001) and by 21%
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Puc. 1. HanpsixeHue KHCI0pO/ia B KPACHBIX CKEJIETHBIX MBIIIIAX Ke(aIi-CHHIHIIS TIPH AIANTAIMH K HAU3KAM TEMITEPaTypaMm.
Fig. 1. Oxygen tension in red skeletal muscles of golden mullet during adaptation to low temperatures.
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tenbHBIL. [lapameTpsl TkaHeBoro Metabonm3ma (J1ak-
tat, AT®, pH) He BoccTaHaBIHBAIUCE.

Temnepamypa 1-2°C. Ilpu 1-2°C ormeuanu
3HAYUTEIBHOE CHIDKCHHE P,o, Pm02 ubP, 0, Ha 43,6;
27,0% (p <0,001) u 17,6% (p <0,01) cooTBeTcTBEH-
HO (Tabin. 1). Hanpsbkerue kucimopoaa B KPacHBIX
MBIIILAX yMeHbLIanoch Ha 49% (p <0,001), B Oenbix —
Ha 21% (p < 0,001). Conocrasnenue 3nadeHuii P, 0,1
P, mokasano, uTo muddys3us KHCI0poaa B MbILIEY-
HOU TKaHH IPOUCXOANIIA IIPY MEHBIIIEM IPaJUECHTE Poz'
B cpaBHennn ¢ KOHTpOsIeM BenuduHa P, o yMEHbIIA-
nachk Ha 19,8% (p<0,05).

Cuwxenne P 0, 1PH 1-2°C Bausio Ha xapakrep
pacnpeneneHus P 10, B MBIIIEYHON TKaHH, BEIMYNHA
CMEILICHNS COCTABIISA LIS KpacHbIX MbIi — 15 rlla,
oenbix — 4 rlla (puc. 1, 2). Pe3xo yBennuuBaioch 4uc-
70 runokcudeckux 30H (MeHee 8 rlla). B kpacHbIx
MBIIIIAX HA HUX IPUXOIMIIOCH OKoJTo 18% perucrpupye-
MBIX 3Ha4eHUH. B OebIX MBIIIIax 3HaYeHUS] MEHee
5 rlla cocraBnsanu 35%, Torga kak y KOHTPOJIbHON
rpynmsl peid — 17%.

[pu 1-2°C koHIIEHTpalysl JaKTaTa B MBIIIEYHOM
TKaHU Ke(aln IOCTHUTrajla MAaKCUMAIbHBIX 3HAYEHUI
(Tabm. 2). Ha 14-16 cytku HaGmoneHuit oHa B 2,3—
2,5 paza (p < 0,001) nmpeBbimana KOHTPOIbHbIE BETH-

in white ones. The comparison of the values P, and
PmO2 has shown that oxygen diffusion in muscular
tissiie occurred at lower F, gradient. If compared to
the control the value P_ O, reduced by 19.8% (p 0.05).

Reduction of P, , at 1-2°C affected the distri-
bution character P w0, 1n muscular tissue, the maximum
of which shifted leftivards. The value of shifting made
for red muscles 15 gPa and 4 gPa for red ones (Fig. 1,
2). The number of hypoxic zones increased sharply
(less than 8 gPa). In red muscles they made about
18% of the recorded values.

In white muscles the values less than 5 gPa made
35% meanwhile as in the control group of fish it was
just 17%.

At 1-2°C lactate concentration in muscular tissue
of mullet reached maximum values (Table 2). To the
14-16 observation day it in 2.3-2.5 times (p < 0.001)
exceeded the control values. The lactate content in
blood increased up to the level of 348.21+21.0 mg/1.
The value pH_ increased in 2,4-2.5 times (p < 0.001).
ATP concentration in tissue significantly reduced.

No normalization of oxygen regimen and metabolic
processes in mullet muscular tissue both at 1-2°C and
at 5°C was observed. During the first 5 days of expe-
riment there were found single cases of fish death at
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Puc. 2. HanpskeHre KACTIOpoIa B GEIBIX CKEIETHBIX MBIIIIAax Kehaau-CHHIHIIS TIPH aIANTAI[MH K HU3KUM TEMITEPATypaM.
Fig. 2. Oxygen tension in white skeletal muscles of golden mullet during adaptation to low temperatures.
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ynHbl. Co/lepKaHue JaKTaTa B KPOBHU MOBBIIIATIOCH JI0
yposHst 348,2 + 21,0 mr/n. Bennanna pH_ yBenu-
yuBaiack B 2,4-2,5 paza (p < 0,001). Konnenrparus
AT® B TKaHU CyIIECTBEHHO TOHMKAJIACh.

Hopmanu3zamuro KucinopoaHoro pexxuma 1 MeTado-
JMYECKUX MPOLIECCOB B MBILIEYHOM TKAaHU Ke(ai IpH
1-2°C, kax u nipu 5°C, He Habmopanu. B mepBbie
5 CYyTOK SKCHEPUMEHTA OTMEYANIH EMHUYHBIE CITydan
rHOeNH pHIOBI IPH SBHBIX pH3HaKax achukcuu. Ocodu
MTOJJTHUMAJIMCH K TIOBEPXHOCTH BOIBI, 3aXBaTHIBAJIA PTOM
aTMoc(epHBIii BO3IyX, Tepsiin paBHoBecre. Ha 15-¢
CYTKH 3KcriepuMenTa rudensb cocrasuna 100%.

W3 pe3ynbTaToB SKCIIEPUMEHTOB, BHITIOTHEHHBIX HA
Ke(anu-cuHTHIIe, CIEAYET, YTO CHIDKEHHE TeMIIepary-
pbl Boasl ot 15 mo 10°C He oka3bIBaJlo 3HAYHMOTO
BIIMSIHUS Ha KUCJIOPOIHBIA PEXUM MBIIICYHON TKAHH
prI0. B TO ke BpeMs MOHMKEHUE TEMIIepaTypsl 10 5 1
1-2°C, HanpoTHB, BBI3BIBAIO 3aMETHOE YXYALICHHE
KHCJIIOPOAHOTO PEKUMa M MPUBOJIUIIO K Pa3BUTHUIO
TKaHEeBOH TUnokcuu. OO0 3TOM CBHIETEIbCTBOBAIH
crenyromue (hakThl: CHIDKSHHE 3HAYEHUH CPETHEMBI-
IIEYHOTO P, W yBEJINYEHUE YUCIIA TUIIOKCUIECKUX
30H (MeHee 820 rlla) B MpITIIEYHON TKAaHHU; yMEHBbIIIE-
HUE BEJIUYHUH onz, PCO2 u pH; noBbIlIEHUE coaEpKa-
HUS JJaKTaTa B MBIIIIAX ¥ KPOBHU IMPH MapaylIeT-HOM
cHmkeHu# ypoBHI AT®. OTMeueHHBIE pa3indus ObUTH
craructudecku 3Ha9uMbl. [Ipu 1-2°C onu Obutn Gonee
BBIpaXXeHsbl, yeM IpHu 5°C. DT0 CBUAETEABCTBYET O
TOM, YTO TKaHEBast TUIIOKCHSI HOCUT BTOPHUYHBIH Xapak-
Tep. OHa He CBsI3aHA C TKAHEBBIMH MOJIEKYISIPHBIMH
CHCTEMaMH YTHJIM3aLUHU KHACIOPOJa, TaK KaK MpoTe-
KaeT Ha (hoHe CHKeHus P 0,4 onz. B ocHoBge ee pa3-
BHUTUSA TOJIKHBI JIE)KaTh U3MEHEHUS B COCTOSTHUM CHUC-
TeM KUCIIOPOJIHOTO 00ECTICUEHNS OpPTraHI3Ma: peCIupa-
TOPHOM, CEPAEUYHO-COCYANCTON, MUKPOIIUPKYIISIIIAH,
ra30TPaHCIIOPTHBIX CBOWCTB KPOBH, THU(P(PY3UOHHBIX
MIPOIIECCOB.

N3BecTHO, YTO TUMOTEPMHUS MOXKET HETaTHBHO
BIIMATH Ha COCTOSIHUE PECTIMPATOPHOTO LIEHTPA Y PhIO,
MOJABJISIS €r0 AKTUBHOCTD M OTPAHUYMBAs TEM CaMbIM
BEHTWIALIMOHHEIE 00beMbl [ 12, 21]. CnencTBreM 3T0-
ro ABJIAETCS Pa3BUTHE apTEPHAIBHON T'MIIOKCEMHUH,
KOTOpAasi IOJKHA PHUBOJUTH K MOHMKEHUIO TKAHEBOT'O
HarpspkeHust kucnopoaa. OxHako B HacTosIIeH padore
He OBUIO 3apEerucTpUpOBaHO CHIYKEHUE apTEPHATBEHOTO
R, , HapOTHB, B yCIIOBHSIX THIIOTEPMUH PETHCTPHUpYe-
Mble 3Ha4eHHUs1 ObUTH HECKOJIBKO BBIIIE, YEM Yy KOHT-
poisbHO# rpymmsl peio (15°C). DT0 03HayaeT, 4yTo B
OTHOIICHUH Keatu-CHHT IS TAaHHBIA MEXaHU3M pa3-
BUTHSI TKAHEBOW T'MITOKCUU MOYKET OBITh HCKITFOUCH M3
paccMoTpeHHus.

HupxynstopHble GOpPMBI TUTIOKCHH B yCIOBUAX
HU3KUX TEMIIepaTyp BIIOJIHE BO3MOXHBI. s puIO
[IOKa3aHo, YTO THIIOTEPMHUS CHIKAET 4aCTOTY Cepley-
HBIX COKpAIIeHWH M YMEHbIIAET MUHYTHBIH 00bEM
cepaua pei0 [22], a Takke HETaTUBHO BIIHMSET HA TaJI-
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evident signs of asphyxia. The individuals came to
the water surface, gasped for atmosphere air, lost the
balance. To the 15th day of experiment the death made
100%.

The results of experiment made in golden mullet
demonstrated that water temperature decrease from
15 to 10°C did not render significant effect on oxygen
regimen of fish muscular tissue. At the same time the
reduction of temperature from 5 to 1-2°C in contrast
caused significant aggravation of oxygen regimen and
led to the development of tissue hypoxia. This is
confirmed by the following facts: reduction of mean
muscular P, and rise of the number of hypoxic zones
(less than 8.0 gPa) in muscular tissue; decrease in
the values P .0,. P.0, and pH; rise in the content of
lactate in muscles and blood at parallel reduction of
ATP level. The found differences were statistically
significant. At 1-2°C they were more manifested than
at 5°C. This testifies to the fact that tissue hypoxia is
of a secondary character. It is not related to molecular
systems of oxygen utilization, since it proceeds on the
background of reduced P .0, and P, 0, In the base of
its development there should be the alteration in the
state of the systems of organism oxygen supply:
respiratory, cardiovascular, microcirculation, gas trans-
port properties of blood, diffusive processes.

Hypothermia is known negatively affecting the
state of respiratory center in fish, suppressing its activi-
ty and limiting thereby ventilation volumes [12, 21].
The consequence of this is the development of arterial
hypoxemia which should result in lowering the tissue
oxygen tension. However in this research there was
no recorded the decrease in arterial P 0y in contrast
under hypothermia the recorded values were slightly
higher than in the control group of fish (15°C). This
means that regarding the golden mullet this mecha-
nisms of tissue hypoxia development may be excluded
from the consideration.

Circulatory hypoxia forms under low temperatures
are quite possible. For fish it has been shown that
hypothermia reduces the frequency of cardiac contrac-
tions and reduces the minute volume of fish heart [22],
as well as negatively affects smooth muscle wall of
vessels of microcirculatory channel by rising the resis-
tance to blood flux [24]. Both processes should lead
to restricting of volume blood flux in tissues and reduce
the oxygen tension in them.

The change of functional state of hemoglobin under
hypothermia also may result in the limitation of oxygen
supply to tissues. Low temperatures contribute to the
strengthening of oxidative processes in erythrocytes
and transition of hemoglobin into ferri-form (methemo-
globin) [4, 10, 14, 19]. This process is related to the
reduction of activity of NADH -diaphorase [8, 18].
Herewith the share of oxidized pigment may exceed
15% [14].
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KOMBIIIEYHYIO CTEHKY COCYI0B MUKPOLUPKYISITOPHOTO
pycia, yBeIMYuBasi COMPOTUBICHNE KPOBOTOKY [24].
Ob6a nmporuecca T0MKHBI TPUBOIUTH K OTPaHHUYECHUIO
00BEMHOT0 KPOBOTOKA B TKaHSX M CHHKATh HaIpsbKe-
HUS KACJIOPO/Ia B HUX.

WzmeHenne QyHKIIMOHATBHOTO COCTOSIHUSI TEMO-
100MHA B YCIOBUSX TUTIOTEPMUH TAKXKE MOXKET MPU-
BOJIUTH K OTPaHUYEHHIO TOCTAaBKU KHCJIOpOJa K TKa-
HsaM. Huskue TeMiieparypbl CHOCOOCTBYIOT YCHUIIEHUIO
OKHCITUTEIBHBIX ITPOIIECCOB B 3PUTPOLIUTAX U IEPEXOAY
reMornioouHa B ¢peppu-popmy (MeTremMorioonna) (4,
10, 14, 19]. DTOT Impouecc CBsA3aH CO CHUKCHUEM aK-
tuBHOoCTH HA/JIH -nmadopaset [8, 18]. ITpu sT0M 07151
OKHCJICHOTO MTUTMEHTA MOXKET MpeBhImath 15% [14].

MOXHO 10Ty CTUTB, YTO PU THIIOTEPMHHU ITPOUCXO-
IUT U U3MEeHEeHHE AU(PY3NOHHBIX XapaKTEPUCTUK
reMaToNnapeHXMMaTo3HOTO Oaphepa. YCTaHOBIIECHO,
YTO TEMIEpPaTypHbIE aJaNTalli ¥ PbIO COMPSIKEHBI
CO 3HAUUTEJIbHBIM H3MEHEHUEM YPOBHS JIUMUIOB B UX
TKaHsAX. MI3BECTHO TakXke, YTO paCTBOPUMOCTH KHCIIO-
pona B qumuaax B 4 pasa BbIIIE, YeM B OBOJAHEHHOM
nuTortazme [20], To ecTh 3TOT (hakTop TaKKe HEIb3S
HCKJIIOYaTh U3 PacCMOTPEHUS.

OcoOblif HHTEpeC MPENCTABIAIOT KOMICHCAIOH-
HbIE TIPOIECCHI, ONIFCAHHBIE B HACTOSIIECH padoTe, y
kedanu-cuHruIs py afanTtanuu K rurnorepmud (5°C).
OHM OJTHOCTBIO WM B 3HAYUTENBHOM CTENIEHU BOCCTA-
HaBJIMBAIM TKaHEBOE HANpsDKEHHE KUCIOpoJa U Ha-
MPaBIEHHOCTb META00IMYECKHUX MPOIECCOB B MBI-
IIEYHOM TKaHU. YCTAaHOBUTH UX COJEPKaHUE U MeXa-
HU3MBI peaji3alry MoKa cloxHo. B mobom ciyuae
OHH JIOJDKHBI OBITH peaM30BaHbl HA YPOBHE CHCTEM
KHCJIOPOJIHOTO oOecreueHus: TKaHei. DTOT BOMpoc
TpeOyeT MPOBEICHNS TOTIOTHUTENFHBIX UCCIIEOBAHHUM.

BbiBOADI

Tunotepmust (5°C 1 HIXKE) BRI3bIBAIA B CKENIETHBIX
MBIIITax Kehann-CHHTIIIS Pa3BUTHE TKAHEBOM TUITOK-
cuu. OHa HocHI1a BTOPUYHBIN XapakTep U MPOsIBIISIACh
B CHWKEHUH P 0, YBEIHEHHH HCIIa TATIOKCHYECKHX
30H B MBIIICYHON TKAHU 1 TOHIWKEHUU P, ) . ITO npH-
BOJIMJIO K YCHJICHUIO aHAYPOOHBIX MPOIIECCOB B MBIIII-
[1aX, O YeM CBHUAETEIbCTBOBAJN POCT COJEPKAHUSA
JlaKTara, yMeHbleHue ypoBHsa AT®, a Taxke CHUXKe-
Hue Benu4rHbl pH BEHO3HOH KPOBH.

[pu Temneparypax oim3kux k 5°C B opraHusme
Ke(aIn-CHHTUIIS OTMEU AN Pa3BUTHE KOMIIEHCANOH-
HBIX IIPOLIECCOB, KOTOPHIE MPOSIBIISUIMCE B ITOJTHOM WIIN
YaCTUYHOM BOCCTaHOBIICHUU PO2 B MBILILAX U BEHO3HOM
KpPOBH TP MapajuIeIbHOM ITOJIaBJICHUN aHadPOOHBIX
npoueccoB. DY (HEeKTUBHOCTH 3THX MPOLIECCOB yTPavH-
BaJlach C MOHWKEHUEM TemriepaTypbl, pu 1-2°C oHn
HE BBISBISUINCH COBCEM.
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One may admit that under hypothermia there is
the change in diffusive parameters of hemato-
parenchymatous barrier. It has been established that
temperature adaptation in fish is conjugated with
significant alteration of lipid level in their tissues. It is
also known that the solubility of oxygen in lipids is 4
times higher than in hydrated cytoplasm [20], that is
this factor also should be considered.

Of special interest are the compensation processes,
described in this work, in golden mullet during adap-
tation to hypothermia (5°C). They either completely
or insignificantly restored tissue oxygen tension and
direction of metabolic processes in muscular tissue.
Their content and mechanisms’ establishing is quite
complicated now. In any case they should be imple-
mented at the level of the systems of oxygen providing
of'tissues. This question requires the additional studies.

Conclusions

Hypothermia (5°C and lower) caused in skeletal
muscles of golden mullet the development of tissue
hypoxia. It had a secondary character and manifested
inpP 0, reduction, rise in the number of hypoxic zones
in muscular tissue and decrease in P, , . This resulted
into the strengthening of anaerobic processes in
muscles, that was confirmed with the increase in lacta-
te content, APT level reduction, as well as diminishing
of venous blood pH value.

At temperatures close to 5°C in golden mullet there
was noted the development of compensation proces-
ses, manifesting in a complete or partial restoration
of R, in muscles and venous blood at parallel sup-
pression of anaerobic processes. The efficiency of
these processes was lost with temperature decrease
at 1-2°C they were not revealed at all.
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