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Effect of Season and Temperature Acclimation on LDH
Activity and Content of Pyruvic Acid in Tissues

[Ipupona ce30HHBIX amanTalfil C TOYKH 3PEHUS
IepecTpoiikh oOMeHa BEMEeCTB MHOTHE TOIBI HAXO0-
JIUTCS B LIGHTPE BHUMAaHUA UCCieaoBarene. AKKIu-
Manuio (0COOCHHO TEMITepaTypHYI0) 9acTO MCIOJb-
3yIOT KaK MOJIeNb JJISI MCCIIeTOBAHUA CE30HHBIX
n3MeHeHni. OJHAKO MPHUPOAA AKKITUMALIMH TIPEICTaB-
JsieT co00H OTAENBHYI0 MPOOIeMY, TaK KaK MEXaHU3-
MBI C€30HHBIX PUTMOB MOTYT HEe (JyHKIIMOHHPOBATbH
MIPU KPAaTKOBPEMEHHOM BO3JEHCTBUH, INOO UX QyHK-
LUOHUPOBAHUE MOXKET OBITH MOAM(DUIIMPOBAHO MIPH
MOZEIMPOBAHUH IPUPOIHBIX YCIIOBUH. PHIOBI sSBISIOT-
Csl OIHOM U3 KIIACCHUYECKHUX MOAENEH MpHU U3yuYeHUHU
MOIOOHBIX sBJICHHA. TeM He MeHee mpobiieMa aKKITh-
Maluu pei0 K pa3inuyHBIM TEMIEpaTypaM B 3aBHCH-
MOCTH OT BpEMEHH rofia U3y4eHa HeJ0CTaTOuHO.

Ienbro paboThI OBLTA OTICHKA AKTHBHOCTH JIAKTaT-
nerunaporenassl (JIJAI') u comepkaHus mupyBaTa B
3aBHCHMOCTH OT CE30HA U TEMIIEPATYPHI CONEPIKAHUS
Kapacs cepedpsiHoro Carassius auratus.

B pabGote ucmonb3oBanu peiO, BBIIOBICHHBIX
3UMOH (STHBapb-(eBpaib) U JIETOM (HUIOJIb-aBIYCT).
Yactp pbIO, BHUIOBIEHHBIX 3MMOH, COJEPIKATIH TIPH
temieparype 20-22°C nauTeNnbHOCTBIO HE MEHee
2 Henenb (mporecc, Ha3BaHHBIA HAMH JICaKKINMAIIH-
eit). YacTh pbIO, BBUIOBJICHHBIX JICTOM, COJCPIKATH B
XO0JIOJIOBOM Kamepe npu Temneparype 4—5°C. AKTUB-
HocTh JIJII' ompenensiiaiu B HalnpaBJIEHUU NHUPY-
BaT — JIAKTaT, KaKk OmMucaHo B [1], B HampaBieHUHU
JIaKTaT — MUPYBaT, 0 CTaHIAapTHON MeToamke [2],
colepx’aHue MHUPOBUHOTPATHON KHCIOTHI Ompese-
JISUIM, KaK OMucaHo B [4].

B pesyinbrare skcriepuMeHTOB ObLIO BBIICHEHO, YTO
aktuBHOCTh JI/II' B HampaBieHuHn NUpPyBaT — JaKTaT
(xotopoe mpeobnagaer Npu aHA3POOHBIX YCIOBHUSX)
[3] 3uMOl TOCTOBEPHO BBILIE B KPACHBIX MBIIILAX U
nedyeHu (cMm. tabnuny). Jleakknumarus kapacei
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of the Gold Fish Carassius auratus

Origin of seasonal adaptations in regard of metabo-
lism alteration has been the focus of attention for many
years. Acclimation (especially temperature) is often
used as a model for the research of seasonal changes.
However, the acclimation origin represents a particular
problem, as the mechanisms of seasonal rhythms may
not function at short-term exposure, or their func-
tioning may be modified at modulation of natural
conditions. Fishes are one of the classic models when
studying similar phenomenon. But the problem of
fishes’ acclimation to different temperatures depen-
ding on a season has been studied insufficiently.

The research aim was the evaluation of activity of
lactate dehydrogenase (LDH) and pyruvate contents
depending on season and maintenance temperature of
the gold fish Carassius auratus.

In the research the fishes caught in winter (January-
February) and in summer (July-August) were used. A
part of fishes caught in winter, were kept at 20-22°C
as minimum for two weeks (process, called by us as
deacclimation). A part of fishes caught in summer,
were kept in cold chamber at 4-5°C. The LDH activity
was examined toward pyruvate — lactate, as described
[1], for standard methodics [2] toward lactate — pyru-
vate, the content of pyruvic acid was found, as descri-
bed [4].

In result it has been established that LDH activity
toward lactate-pyruvate (which dominate at anaerobic
conditions) [3] is significantly higher in red muscles
and in liver in winter (see Table). The deacclimation
of of the gold fish in winter period at 20-22°C resulted
in significant decrease of LDH activity in comparison
with winter quantities in all the investigated tissues.
In red muscles and in liver the enzyme activity returned
to summer level, but in white muscles it was even
lower. When placing fishes into cold chamber in
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3uMoil npu Temmeparype 20-22°C npuBonuiia K
CyUIECTBEHHOMY TMOHWXeHHUI0 akThuBHOCTU JIJII' 1o
CPaBHEHUIO C 3MMHUMH BETMYMHAMU BO BCEX U3yYEH-
HBIX TKaHSAX. B KpacHBIX MBIIIAX U NEYEHH aKTHB-
HOCTb (pepMEeHTa BO3BpAILATach Ha JICTHUH YPOBEHb,
a B OeJibIX MBIIILAX ObUIa Ja)Ke HUKE.

[Ipu nomenieHny poIO B XOJIOAOBYIO KaMepy JIETOM
75 aKKJIMMalWUM UX K HHU3KOH TeMIepaType Bce
Kapacu THOM B TeueHue 3—5 cyTok. AKTHBHOCTB JIJII
B HalpaBJICHUH HUPYBAT — JaKTaT, ©3MEepeHHas Ha 3
CYTKH XOJIOZOBOH aKKIMMAIIMH PbI0, OKa3ajaach 4pes-
BBIUAITHO HU3KOH B OEJIBIX M KPACHBIX MBIIIIAX, & He
B IICYEHH, I1I€ OHA COXPAHSETCS Ha YPOBHE JIETHHUX
3HaYeHUH. Ype3BbIYaliHO PE3KOE MaJCHNE AKTUBHOCTH

summer period for their acclimation to low tempe-
rature all the gold fish died for 3-5 days. LDH activity
toward pyruvate — lactate, measured on the 3" day of
fishes’ cold acclimation, occurred to be particularly
lower in white and red muscles, but not in liver, where
it saved at the summer quantities. Particularly sudden
decrease in the LDH activity toward pyruvate — lactate
in muscles under these conditions, probably, is not a
single reason of the gold fish death at temperature
decreasing in summer, however it indicates a serious
dysfunctions of energy production regulation in meta-
bolic pathways [5].

In spite of presence of season changes of LDH acti-
vity toward lactate — pyruvate, the content of pyruvic

JIAI" B HanpaBneHUU NUpyBar —
JIAKTaT B MBIIIIAX B 3TUX YCIO-
BHSAX, CKOPEE BCETO, HE ABISETCA
€IMHCTBEHHOW PUYNHON rude-
JIM Kapacel IpH NOHUXKECHUU
TeMIIEpaTypsl JE€TOM, OJHAKO
OHO CBHUJIETEIBCTBYET O CEPHE3-
HBIX HapyLIEHUSX Peryysluu
MIPOM3BOACTBA SHEPTHH B METa-
OonuuecKkux myTsx [5].
HecmoTps Ha Hanmuuue ce-
30HHBIX I3MEHEHHUI aKTUBHOCTH
JIAT" B HampaBJIE€HUU NMHUPY-
Bar — JIAKTAT, COAEP>KaHNE ITHPO-
BHHOTPAIHON KHCIIOTHI B 3UM-
HHUWA U JIETHUH NIEPUOJ B MBIII-
nax He ormnuyaercs. [Ipu aTom B
[I€YEHU KOJIMYECTBO MHUPYBATa
3UMOH cHMkaeTcs Ha 64,3%.
JleakknuMarys Takxke He OKa3bl-
BaJla BIMSHUSA Ha COJAEP)KAHME
nupyBara. TpexqHeBHas XoJo-
JI0Bas aKKJIMMaLs JIETOM BBI3bI-
Bajia pe3Koe yBeIHUEHUE KOIH-
YyecTBa nMupyBara 6onee 4em B 3
pasa, HO TOJIBKO B OEJIBIX MEIIII-
[1axX ¥ IIeYeHU. ITO €CTECTBEHHO,
tak kak JIIAI, pyHkuunonunpyro-
asi B HaMpaBJICHUU MTUPYBaT —
JIAKTAaT, IPaKTUYECKH IIEPECTAET
€ro UCIONb30BaTh[6].
AxtuBHOCTh JI/II' B Hanpas-
JIEHUH JIAKTaT — IUPYBAT B 3UM-
HUH IIEPHOJI CHIKAETCSI 110 CPaB-
HEHUIO C JIETHUM IEPUOJIOM BO
BCEX HCCIIEIOBAHHBIX TKaHIX.
Jeakxknnmanus 3uMM0il BO3Bpa-
IIaeT aKTUBHOCTH 3TON (HOPMBI
JIAI" Ha ypOBEHb JIETHUX 3HAYE-
HU, YTO TAKKE XapaKTEPHO JJs
BCEX MCCJIEIOBAHHBIX TKAHEH.

AxtuHoCcTb JIAI" ¥ conepkaHre MUPOBUHOTPAJHON KUCIOTHI B TKaHAX
Carassius auratus
LDH activity and containing of pyruvic acid in tissues of crucian carp
Carassius auratus

AxruBnoctb AAI B | AktuBHOCTBH AAT
HallpaBA€HUUN BHAIIpaBACHUN
AAKTaT anyBaT, anyBaT AAKTaT, COAep)KaHI/Ie
HMOAB HMOAB
YcaroBus TIMPOBUHOTPAA-
TKaHb COAEPIKAHUS Hprng:}ian'Mr H 6é}/\i\:;IH'MF HO KHCAOTB,
Tissue Keeping A AT MKMOAB/T TKaHU
conditions LDH activityin LDH activityin Piruvate content,
lactate to piruvate | piruvate to lactate mol/q of pro teiI;
direction, direction,nmol of H gotp
nmol/min-mg of NADH,/min-mg
protein of protein
S frﬁg’er 7,1£0,47 0,6=0,07 0,080,011
V‘?’/ﬁﬁ; 4,970,38! 0,53=0,05 0,110,024
Beabie MbITIIITB
White muscles -%e;‘a‘;‘z’ffg;;‘g’: 8,190,752 0,4=0,02' 0,090,003
3-AHEeBHast
a‘;“g‘;;f:’g?” 6,19%0,17° 0,070,01'? 0,40,024'
acclimation
Sé\rﬁfser 8,64=0,5 0,35=0,05 0,120,022
v?/?rﬁ:r 6,980,61" 0,46=0,03" 0,110,017
Kpacusie
MBIIIITBI AeakKAUMa s
Red muscles Dencolimation 9,320,652 0,30,03? 0,090,005
3-AHEeBHast
a“;g‘;;“;’g?" 7,4+0,19' 0,070,012 0,110,012
acclimation
Sé\rﬁf&r 5,8+0,72 0,17=0,03 0,140,024
oma 3,280,28! 0,370,031 0,05+0,01!
TTeuenn
Liver %f‘;‘é’ﬁﬁ?&‘fﬁ' 4,910,392 0,21%0,03 0,13%0,005
3-AHEeBHast
a‘;“g‘;;fg?” 5,560,212 0,140,022 0,430,055
acclimation

Mpumeyanus: '— 10CTOBEPHBIEC OTIMYHS [T0 CPABHEHHUIO C IETHUMH 3HaYeHusiMH, p<0,05,
n=12; 2 — 10CTOBEPHbIE OTIIMYMS [0 CPABHEHHUIO C 3MMHUMHU 3HadeHusMu, p<0,05, n=12.

ITocne 3-mHEBHOH XOJIIOIOBOU
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Note: ' — significant differences in comparison with summer data, p<0.05, n=12; ? —
significant differences in comparison with winter data, p<0.05, n=12.
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AKKJIMMAIIH JIETOM HaOJro1aach TEHASHIIHS K HEKO-
TOPOMY CHUXEHHUIO akTuBHOCTH JIJII" B HarpaBieHUn
JIaKTaT — MUPYBaT B MBILIAX, HO IPU 3TOM BEJIMYMHA
AKTUBHOCTH BCE PaBHO HE CHUXanach A0 3UMHETO
ypoBHs. B meueHu xonomoBas akKIMMaLUs JE€TOM
BOOOIIIE HE BBI3bIBAJIA HUKAKUX H3MEHEHUH aKTHUBHOC-
i JI/II' B HanpaBleHNN JTaKkTaT — MUPyBaT.

[Tony4eHHble HAMU TaHHBIE CBUAETENLCTBYIOT, UTO
[IPH HCCIIE0BAaHUH TEMITEPATYPHOI aKKIMMAIlIH PHIO
HE0OXOMMO YUYUTHIBATh CE30H, KOTNA MPOBOISTCS
rccienoBanns. Hamm skcriepruMeHTHI TOKa3all, 4To
3MMOW BO3MOJKEH IEPEBOJ PHI0 HA JETHHHA PEKUM
CYIIECTBOBAHUSA, TIPHU ITOM, CyId MO U3MEPEHHBIM
OMOXMMHUYECKUM ITOKa3aTelNsIM, pa3Hble TKAaHU pearu-
PYIOT Ha U3MEHEHHE TEMIIEPaTypHOTO pexuma Io-
paszaomy. eakkmumarius npu 20—22°C 3uMO¥ BBI3bI-
Bana u3MeHeHus: aktuBHOCTH JI/I[" B 000MX Hampas-
JICHUSAX B CTOPOHY YCTAaHOBJICHHUS JICTHUX 3HAYCHUH.
JeakknuManus He BIMsUIa Ha CONlep KaHue MUpyBaTa
B TKaHsAX. JletoM peskuit nepexon C. auratus Ha
HU3KOTEMITEPATyPHBIA PEXXUM COIEpKaHUS B HAIINX
YCIIOBHSAX OKA3aJICs HEBO3MOKHBIM, TOCKOJIBKY CMEpT-
HOCTH pBIO B TeueHne 5 cyTok cocrasmia 100%. Ha
3-ii eHb XOJIOAOBOM aKKJIMMAIIMH JIETOM HaOJoaa-
JIUCh pe3Koe CHMKeHne akTuBHOCTH JIJII' B Mbliax
B HaNpaBJIEHUU MHPYBaT — JIAKTAT ¥ 3HAYUTEIHHOE
yBEJIMUYEHUE KOJMYECTBA MUPYBATa B OSIBIX MBIIIIIAX
U MIEYCHHU.
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acid in muscles in winter and summer period does not
differ. Herewith in liver the amount of pyruvate redu-
ces by 64% in winter. Also the deacclimation did not
affect on pyruvate content. 3-days’ cold acclimation
in summer triggered a sudden increase of pyruvate
more than in three times, but only in white muscles
and liver. It is naturally since LDH, functioning toward
lactate — pyruvate, practically stops using it [6].

LDH activity toward lactate — pyruvate in winter
period decreases in comparison with summer period
in all the investigated tissues. Deacclimation in winter
returns the LDH activity of this form to the summer
quantities, that is characteristic for all the investigated
tissues. After 3-days’ cold acclimation in summer, the
tendency to some decrease of LDH activity toward
lactate-pyruvate in muscles was observed, but in this
case the activity value did not decrease to winter period
ones. In liver the cold acclimation in summer did not
cause any changes of LDH activity toward lactate —
pyruvate at all.

The data obtained by us testify to the fact that when
investigating the temperature acclimation of fishes it
is necessary to take into account the season. Our
experiments have shown that in winter it is possible
to transfer fishes to summer regimen of existence,
herewith due to the measured biochemical indices
different tissues respond to the change of temperature
regimen differently. Deacclimation at 20-22°C in
winter caused the changes of LDH activity in both
directions towards summer values. Deacclimation did
not affect pyruvate content in tissues. The sharp
transition of C. auratus in summer to low temperature
regimen of keeping under our conditions is impossible
because fishes’” mortality for 5 days made 100%. On
the 3™ day of cold acclimation, in summer the sharp
decrease of LDH activity in muscles toward lactate —
pyruvate and significant increase of pyruvate amount
in white muscles and liver were observed.
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