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Overcooling Effect on Content of LPO Transit Products
and SOD Activity in Yellow Mealworm Tenebrio molitor

JlocnimKeHo BIUTUB EPEOXOIOIKEHHS Ha BMICT MPOMIKHUX MPOAYKTIB epekucHoro okucieHHs nimigiB (I1IOJI) Ta aktuBHICTH
cynepokcugaucmyTasu (COM) y MTHYMHOK BETUKOTO OOPOIIHSHOTO Xpymiaka Tenebrio molitor. Tloka3aHo, IO XOMOAOCTIHKI Ta
XOJIONOYYTIIUBI CTaJil OHTOTEHE3Y BiAPI3HAIOTHCS 3a NokasHukamu iHTeHcuBHOCTI [10JI Ta aktuBHicTIo CO/. [Tomepenus xomomnosa
aKJTiMallis IPU MOMIPHO HU3BKHUX TEMIIepaTypax BIUIMBAE HA HAKOITMYCHHS JIEHOBUX KOH IOTaTiB 1 KETOJI€HIB Ta HA ()EPMECHTATHBHY
akTUBHICTE. OTpUMaHi pe3yIbTaTH CBiT4aTh PO Te€, IO XOIOMOCTIHKI TMYMHKH 8-10 BiKiB 34aTHI MiATPUMYBATH IMOCTIHHUI piBEHBb
OKMCITIOBAJIbHUX 1 BIJIHOBIIIOBAJILHUX IIPOLIECIB IiCIs HEPEOXOJIOKCHHS Ha BIIMiHY Bijl 4y TIIMBHX IO HU3bKHX TEMIIEPATyp JINYHMHOK
3-5 BikiB. [Ipu mpoMy BipOTigHO, IO TiJ Yac XOJIOIOBOI aKiliMalil “BMHUKAEThCSA” METaOONIYHa porpaMa 3aXUCTy, IKa 3amoodirae
MOPYLICHHSIM IIPOOKCHIaHTHO-aHTHOKCHIAHTHOI PIBHOBAark Ta PO3BUHEHHIO OKHCIIIOBAIBHOTO CTPECY, 1[0 MOXKE BiJirpaBaTu 3Ha4YHY
poib B 610XIMIYHMX MEXaHi3MaX XOJIOJOCTIHKOCTI KOMax.

Kntouosi crosa: nepeoxooKeHHs, OHTOreHe3, Tenebrio molitor, IepeKrCHe OKUCIICHHS JIIIiIIB, CYNIEPOKCHIIICMYTa3a.

HccenenoBaHo BIMSHHUE MEPEOXIIAKACHUS HA COACPIKAHUE IIPOMEKYTOUHBIX MPOLyKTOB NEPEKUCHOT0 okucienus tunuaos (I10JT)
U akTHBHOCTH cynepokcuaaucmyrtassl (COJMl) y nuunHok Oonpiioro MyuHoro xpyiuaka Tenebrio molitor. IloxazaHo, 4to
XO0JIO0YCTOWYMBAs U XOJI00YyBCTBUTEIIbHAS CTAlMU OHTOTCHE3a OTIIMYAIOTCS 10 MoKa3aTessiM nHTeHcuBHOCTH 110JI 1 akTUBHOCTH
CO/I. IIpenBapurenbHast X0J10[J0Bast aKKJIMMAaLUs IIPY YMEPEHHO HU3KUX TEMIIEpaTypax BIUAET Ha HAKOIJICHUE AUCHOBBIX KOHBIOTaTOB
Y KETOJMECHOB U Ha (pepMEHTaTUBHYIO aKTUBHOCTD. [10iTydeHHbIE pe3ysIbTaThl CBUACTEIBCTBYIOT O TOM, YTO XOJI0/[0YCTOHYHMBBIC IMYMHKH
8-10 BO3pacToOB CIIOCOOHBI MOAJEPIKUBATH HOCTOSIHHBIH YPOBEHb OKHCIUTEIBHBIX U BOCCTAHOBHUTEIbHBIX IPOLIECCOB MOCIE
HEePeoXJIAKICHUS B OTIIMYHME OT YyBCTBUTEIbHBIX K HU3KUM TeMIepaTypaM JU4HHOK 3-5 Bo3pacToB. [Ipu 3TOM BeposATHO, YTO BO
BpeMsI XOJIONOBOW aKKIMMaluu “BKiIo4aeTcs”’ MeTaboyindeckas MporpaMmMa 3alluThl, KOTOpas NPeJoTBpaIlaeT HapyLICHHS
IPOOKCUAAHTHO-aHTUOKCHUIAHTHOTO PABHOBECHUS U PA3BUTHE OKUCIUTEIBHOIO CTPECCa, YTO MOXKET UIPaTh CYLIECTBEHHYIO POJIb B
OMOXMMHYECKIX MEXaHU3MaX X0JIOJ0YCTOHIMBOCTH HACEKOMBIX.

Knwouesvle cnosa: nepeoxinaxienue, oHTorenes, Tenebrio molitor, nepeKucHOE OKUCIICHNE JTUITUIOB, CYTIEPOKCUAICMYTa3a.

Overcooling influence on transit products of lipid peroxidation (LPO) and superoxide dismutase (SOD) activity in yellow mealworm
Tenebrio molitor has been investigated. It has been shown that cold-tolerant and cold resistant ontogenetic stages differ by LPO
intensity and SOD activity parameters. Preliminary cold acclimation at moderately low temperatures affects diene conjugate and
ketodiene accumulation and enzyme activity. The obtained results testify to the fact that cold-tolerant 8-10 instar larvae are able of
maintaining a constant level of redox processes after overcooling unlike sensitive to low temperatures 3-5 instar larvae. Metabolic
protective program preventing disorders of pro-oxidant and anti-oxidant balance and progress of oxidative stress is likely to “switch
on” during cold acclimation which may play a significant role in biochemical mechanisms of cold tolerance in insects.

Key-words: overcooling, ontogenesis, Tenebrio molitor, lipid peroxidation, superoxide dismutase.

Temneparypa — oauH 3 HAUTONOBHILINX (PAKTOPIB
HaBKOJHUIIHHOTO CEPEAOBHINA, IO BIUIMBAIOTH Ha
KUTTEAIAIBHICTD oprani3miB. KonuBanua temnepa-
TYPH 3/1aTHI BUKJIMKATH CTPECOBY PEAKIIIO, KA MOKE
BUSBISTHACS B MOPYIICHHI IIIITHOK METaboNi3My.
YTpuMaHHA NPOOKCUAAHTHO-aHTUOKCHUIAAHTHOT
piBHOBaru — HEOOXiHA YMOBa HOPMaJIbHOTO (DYHKIIiO-
HYBaHHS OpPraHi3My. 3HWKEHHS TEeMIEpaTrypH I
HACTYITHUYU BiJITpiB 3 MOHOBJIEHHSIM OKCUTEHAII]
TKAHWH Ta OPTaHiB CyIPOBOIKYIOTHCSI ITi IBUIIICHHSIM
MPONYKIUii aKTUBHUX (YOPM KHCHIO, 5IKi YACTO IMIPHU3BO-
ISITh IO 3pOCTaHHS IHTEHCHBHOCTI OKHCIIIOBAIbHUX
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Temperature is one of the main environmental
factors affecting organism vital activity. Temperature
alterations are capable of causing stress reaction which
may be manifested as a disorder in metabolic sites.
Keeping pro-oxidant and anti-oxidant balance is one
of essential conditions for normal functioning of an
organism. Temperature decrease and following
thawing with renewed oxygenation of tissues and
organs are accompanied with a rise in the production
of oxygen active forms, which frequently result in the
increase in intensity of oxidative processes [15]. There
is logical assuming that organisms which within
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nporuecis [15]. JloriyHOo mpumycTrTH, 110 OPTraHi3MH,
SIK1 B TIPOITIECi €BOJIONIT HaOyIIHM 3M1aTHOCTI BUKUBATH
B YMOBaX HHM3bKHX TeMIEparTyp, MamTh AOCUTH
MOTY>KHY aHTUOKCUIAHTHY CUCTEMY, SIKa CIIPOMOXKHA
3amo0irTd PO3BUHEHHIO OKHCIIOBAJIBLHOTO CTPECY.
OnHuM 13 pi3HOBHUIIB OKUCITIOBAJIBHUX MIPOLECIB MPH
3MiHax ()i310JI0TYHOTO CTaHy OPraHi3My € IePEeKUCHE
okucnenns minigis (ITOJI). Iponecu ITOJI moci-
JOKYIOTBCS SIK Y TIPUCTOCOBAHUX JI0 3MMIBJI1 OpraHi3MiB
[4], Tak 1 y BUAIB, IO HE MAIOTh CHEIiaJbHUX
MeXaHI3MIB BWKUBaHHA Ha xonomni [2, 12]. 3 namoi
TOYKH 30Dy, iIHQOPMATHBHUM MOXE BUSBUTHCS ITOPiB-
HSAJIBHUHM aHali3, HallPUKIIaJ], MOPIBHAHHA OMU3bKHUX
BUIIB, SKI BiIPI3HAIOTHCS XOJIIOMOCTIHKICTIO, 00 Pi3-
HUX OHTOTEHETHYHUX CTa/il XOIOA0CTIMKIX TBApUH.
Tak, y 6ararbox KOMax XOJIOMOCTIHKOIO € O/IHA 13 cTa-
I pO3BUTKY, CTais, Ha SIKid 3aIporpaMoBaHa 3MMOBa
nianaysa [9]. Xoda KOMaxu BXKe IaBHO CTaJIH TOIIH-
PEHOI MOJEJUTI0 TIPU BUBYEHHI XOJIOAOCTIMKOCTI
0e3xpeberHux [11], B TOMy 9uCIi 1 IpH AOCTiIKEHH]
nporieciB [1OJI Ta piBHS aHTHOKCUAAHTHOTO 3aXHUCTY
[15], B miTepaTypi Ay*e Majo JaHUX MOPIBHAILHOTO
xapakTepy. Merta TOoCTiIKEHHS — OIIHUTH 1HTCHCHB-
Hicth [IOJI 1 piBeHbP aHTHOKCHIAHTHOTO 3aXHCTy Y
JIMIUHOK BEJIMKOTO OOPOIIHIHOTO XpyInaka Tenebrio
molitor (Coleoptera, pon. Tenebrionidae) pi3HUX BiKiB,
KOTPI BiAPI3HAIOTHCS 30aTHICTIO BIJKUBATH IPU HU3b-
KHX TeMIIeparypax.

Martepiaan i metoaun

Hocnian NpoBOAMIUCH HA BEIMKOMY OOpOLIHS-
HOoMYy Xpyuiaky 1. molitor 3 nabopaTtopHoi momysiuii,
SKAW 30aTHUW yTPUMYBaTH PilMHHU CBOIO Tija B
MIEPEOXOJIOJPKEHOMY CTaHi IIPU TeMIIeparypax Hux4e
0°C. BimoMo, 110 XOJIOJOCTIMKUMH € JHIuHKU 8-10
BiKiB, @ MOJIOAIIII JIMYUHKYU OUTBIN Iy TIIMBI IO OXOJIO-
mxeHss [8, 10, 13]. Komaxu Oynu noxineni Ha 2 rpymu:
KOHTPOJIBHI, 1110 TIepeOyBaii Ipy KIMHATHIN TemIiepa-
Typi, a 0COOWH 3 2-1 TPyNH aKIiMyBaji IPHU TEMIIEpa-
Typi 4-6°C mpoTarom 2-x THXKHIB. AKJIIMOBaHHX Ta
HEaKJIiMOBaHMX KOMax OXONomxysaiu 1o —15°C 3i
mBuaKicTio 0,5°C/XB, Micig 4Oro iX yTpUMYBaJIH IIPH
1t remneparypi He MeHm 10 xB.

TarencusHicts I1OJ] oriHIOBaIN 32 HAKOITUYEHHAM
npoMixkHUX nponykTiB [1OJI — nieHOBUX KOH rOraTiB
(AK) Ta keromieniB. Komax romoreHizyBaiau y
ckissHOMY ToMoreHizaropi y 0,025 M Oydepi Tpuc-
HCI, pH 7,4. Koxxawuii 3pa3ok 3po6aeHo 3 1 THauHKu
8-10 BikiB, 200 3 7-8 nmuunHOK 3-5 BikiB. [IpogykTH
[TOJI excTparyBanu CyMIIIIIO T€NTaH-130MPOIIAHOI
(1:1) 3a crangaptHOrO MeToAMKOIO [7]. OuiHOBaIN
BMmicT npoaykri [10JI B ciupToBiii hazi ekcTpakry, B
SKiH 3a TaHUMU [3] HAKOTIUYIYIOTHCSI IPOAYKTH OKHC-
nenss pocoonimiais. B YO obnacti K ta ketomieHn
MAIOTh iKY MOTIMHAHHS 11pH 233 1270 HM BiIMOBiA-
Ho [17]. Kinbkicts JIK i kKeTomieHiB po3paxoByBaju
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evolution have gained the capability to survive under
conditions of low temperatures, have quite powerful
antioxidant system able of preventing the development
of oxidative stress. One of the varieties of oxidative
processes under change in physiological state of an
organism is lipid peroxidation (LPO). LPO processes
are studied both in adapted to wintering organisms
[4] and in the species with no special mechanisms of
survival in cold [2, 12]. From our point of view, a
comparative analysis, e.g. either comparing of close
species with different cold resistance or various
ontogenetic stages of cold-resistant animals may be
informative. In such a way for many insects a cold
resistance is one of the developmental stages, the one
at which a winter diapause is programmed [9]. Though
insects have been used as a model long ago during
studying cold resistance of invertebrates [11],
including the investigations of LPO processes and the
level of antioxidant protection [15], in the literature
there are poor data of a comparative character. The
research aim was to assess the LPO intensity and level
of antioxidant protection in larvae of the yellow
mealworm 7. molitor (Coleoptera, Tenebrionidae
genus) of different ages with various abilities of
surviving under low temperatures.

Materials and methods

The studies were performed in laboratory popu-
lation of yellow mealworm 7. molitor, capable of
keeping the fluids of its body in an overcooled state at
the temperatures below 0°C. It is known that cold
resistant ones are the 8-10 instar larvae and younger
ones are more sensitive to cooling [8, 10, 13]. The
insects were divided into 2 groups: control ones were
kept at room temperature and the individuals of the
2" group were acclimated at 4-6°C for 2 weeks.
Acclimated and non-acclimated insects were cooled
down to —15°C with the rate of 0.5°C/min, afterwards
they were maintained at this temperature not less than
10 min.

LPO intensity was assessed on accumulation of
transit products: diene conjugates (DC) and keto-
dienes. The insects were homogenized in glass
homogenizer with 0.025 M buffer tris-HCI, pH 7.4.
Each sample was made of either one 8-10 instar larva
or seven-eight 3-5 instar larvae. LPO products were
extracted with the mixture of heptane-isopropanol
(1:1) according to standard methods [7]. The content
of LPO products was estimated in alcohol fraction of
the extract, where as it was previously reported [3]
phospholipid oxidation products accumulated. In UV
range the DC and ketodienes have the absorption
spectra at 233 and 270 nm, correspondingly [171].
Amount of DC and ketodienes was calculated per 1g
of living mass using the coefficient of molar extinction
28,000 and 43,400 M'cm™, correspondingly [14, 18].
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Ha | Mr XHBOi Bar", BUKOPUCTOBYIOUH KOEQIiLi€HT
Moststpaoi ekctrHKIT 28000 143400 M-'em! BifmoBi -
Ho [14, 18].

Hns BusHaueHHs 3aranbpHoi aktuBHOCTI COJ]
BHUKOpHCTaHa METOAMKA, siKa 0a3y€eThcs Ha 31aTHOCTI
CO/l raneMyBatH IpoLieC ay TOOKUCIICHHS aAPCHATIHY
B JIY’)KHOMY CEpEIOBHIINI, KOTPHUH TPU3BOAUTH 10
yTBOpeHH: afpeHoxpomy [5]. Komax romorenizyBamm
y cKIITHOMY ToMoreHizaropi B 0,025 M Oydepi Tpuc-
HCl, pH 7,4, axuii mictuB 80 mkr/mu iHribiTopa
nporeas — ¢eHinMermicyabonindropuny i 0,5%
ne30kcuxonary HaTpiro. KoxHuit 3pa3ok 3po0ieHo 3
2-X auuuHOK 8-10 BikiB, a00 3 14-16 nuuuHOK 3-5
BikiB. ['omorenar nentpudyrysanu npu 3000 06/xB
(1800 g) mpotsirom 5 xB. BepxHilt minigauil map
YCYBQJIH 3a JIOTIOMOTOI0 BOJOCTPYMHHHOTO HACOCY.
Bonuuii po3unH aapeHasiHy roTyBallu ex tempora B
koHueHTpauii 30 mr/mit: 50 MKJI po3uuHY aApeHalliHy
BHOCcwIH B 2,5 mMn 0,2 M kapbGonartHoro Oydepy,
pH 10,1, sxwmii mictuB 200 MKJT OCBITIICHOTO TOMOTE-
Hary. 3MiHy 3a0apBlIeHHS PEeECTPYBAIH HA CIIEKTPO-
¢doromerpi “JIOMO-46” npu gomxuHi xBuIi 480 HM.
VY KOHTpONBHY MPoOy 3aMiCTh TOMOTEHATY BHOCHIIH
EKBIBAJICHTHHUI 00CsT Oydepy I TOMOTeHI3allii.

AxtuHicTh COJ] po3paxoByBanu 3a OpMYIIOL0:

afso

A= g XTxP

e €, — €KCTUHKIIISI KOHTPOJIO; €, — eKCTUHKIIISI IOCITi-
ny; T —dac, mpoTArom sSIKOro peecTpyBay TOCUICHHS
3abapsienHs (2 xB); P — BMicT OiKy y po0i, ML,

Pe3yAbTat Ta 00roBopeHHs

VY 49yTnuBUX 00 Nii HU3BKUX TeMIIEpaTyp HeakJIi-
MOBaHUX JUYWHOK 3-5 BiKiB MEPEOXOIOIKEHHS
30imbmrye kimpKicTh JIK B 2,6 pa3u, a keTozieHiB —y 2
pasu (puc. 1 i 2). [lonepenHs xonomoBa akiiMarris
MPU3BOAUTH 10 3pocTaHHs BMicTy sk K, Tak i keto-
T€HIB Y THYUHOK 3-5 BiKiB Ha 66 1 52% BiAmoBigHO.
Lle Bka3ye Ha Te, 10 HABITh MOMipHI HU3BKI TEMITEpa-
TYpPH MOPYLIYIOTh OKHCIIOBAJILHO-BiTHOBIIOBAIBHY
piBHOBary. Y Toii e 4ac X0JI0JJ0Ba aKJIiMallisi 3/1aTHa
Y IesIKii Mipi 3a1100irTH MOAaTBIIOMY HAKOTUICHHIO
npoxyktiB [1OJI mpu HacTymHOMY TIepEOXOIOKEHHI,
ocKinbky KibKicTh K y aki1iMOBaHUX JTUYUHOK 3-5
BIKiB HiCJIsl IEPEOXOJIOMKEHHS 3pocTae juuie B 1,3
pasu, JI0 TOTO K BMICT KETOAIEHIB, Ki € MPOAYKTOM
HACTYIHOI CTaii OKMCIICHHS HEHACHUEHUX JKUPHUX
KHCJIOT, HE 3MiHIOEThCsL. Lle Jae MOXIIMBICTD IpHUITYC-
THUTH, IO aKJIiMaIlisd ,,BMUKA€E MEXaHI3MU aHTHOKCH-
JAHTHOTO 3aXHUCTY, SIKi 3yITHHAIOTH JIAHIIOTOBI peaKIlii
BUIbHO PaJMKaJIbHOIO OKHCIEHHS. TOOTO HaBITh Ha
Yy TJIMBIN 10 OXOJIOMKEHHS CTail PO3BUTKY, 3aBISIKH
XOJIOIOBIM axiIiMali, 10Tk IIEBHI 3aXMCHI MEXaHI3MHU.

[epeoxonomkeHHs HE TIO3HAYAETHCS HA XOJOJ0-
cTiiikux nuauHKax 8-10 BikiB (puc. 1, 2). Xoua y HUX
CIIOCTEPIraeThCsl TEHACHIIS a0 3MiH BMmicty JIK Ta
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To determine total SOD activity there were applied
the methods based on SOD ability to inhibit the
process of auto-oxidation of adrenalin in acid
environment, resulting in adrenochrome formation [5].
The insects were homogenized in glass homogenizer
with 0.025 M buffer tris-HCI, pH 7.4, comprised 80
Mg/ml protease inhibitor, phenyl methyl sulphonyl
fluoride and 0.5% sodium desoxycholate. Each sample
was made of either two 8-10 instar larvae or fourteen-
sixteen 3-5 instar larvae. Homogenate was centrifuged
at 3.000 rot/min (1.800 g) for 5 min. Upper lipid layer
was removed with water-jet pump. Adrenalin aqueous
solution was prepared ex fempora under 30 mg/ml
concentration; 50 Ml adrenalin solution was introduced
into 2.5 ml 0.2 M carbonate buffer, pH 10.1, which
comprised 200 ml of enlightened homogenate. Change
of staining was recorded with “LOMO-46" spectro-
photometer at 480 nm wave length. Into control sample
instead of homogenate an equivalent volume of buffer
was introduced for homogenization.

SOD activity was calculated on the formula:

Ec_so

A= g XTxP

where €, — control extinction; €, — extinction under
study; T —time during which the staining strengthening
was recorded (2 min); P — content of protein in a
sample, mg.
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JInumnnkm 8-10 BikiB
8-10" instar larvae
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Puc. 1. Bumict nienoBux kor’toratiB y 7. molitor: HA —
HEaKIIIMOBaHHUX; A — akiiMoBaHUX; [l — J0 MEPEOX0i0-
JOKEHHsT; [ — MiCiIst IEPEOXO0IOPKEHHS, * — CTaTHCTUYHO
JOCTOBIpHI BIZIMIHHOCTI y TIOPIBHSIHHI 3 KOMaXaMH, SKHX
He nepeoxonomkysand, P<0,05; ** — cratucTiHaHO HOCTO-
BipHI BIIIMIHHOCTI y NMOPIBHSHHI 3 HEaKJIiMOBAHUMU
komaxamu, P<0,05, n=6-12.

Fig. 1. Content of diene conjugates in 7. molitor: NA —
non-acclimated; A — acclimated; [l — prior to overcooling;
O — after overcooling; * — statistically significant differ-
ences if compared with non-overcooled insects, P<0.05;
** _ statistically significant differences if compared with
non-acclimated insects, P<0.05, n=6-12.
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JInumnnkm 8-10 BikiB
8-10" instar larvae

JInunHkm 3-5 BikiB
3-5"instar larvae

Puc. 2. Bmicr kerogieniB y 7. molitor: HA — HeaxnimoBa-
Hux; A — akiiMoBanux; [l — 70 TEPEOXONIOpKeHHs; [ —
MICJIS MEPEOXOIOMKEHHS; ¥ — CTATUCTUYHO JOCTOBIPHI
BIJIMIHHOCTI Y TIOPIBHSIHHI 3 KOMaxamH, sIKUX HE TIePeoX0JIo-
okyBanu, P<0,05; ** — cTaTHCTHYIHO TOCTOBIPHI BiIMiHHO-
CTi y TOPIBHSIHHI 3 HeakJIiMOBaHUMHU Komaxamu, P<0,05,
n=6-12.

Fig 2. Content of ketodienes in 7. molitor: NA — non-
acclimated; A — acclimated; Bl — prior to overcooling; [0 —
after overcooling; * — statistically significant differences if
compared with non-overcooled insects, P<0.05; ** — sta-
tistically significant differences if compared with non-
acclimated insects, P<0.05, n=6-12.

KETOZI€HIB, CX0)Ka HA 3MIHM BMICTY LIMX CHOJYK Y
MOJIOAIIMX JIMYMHOK, POTE CTATUCTUYHO 3HAUYILNX
cruteckiB inTeHcuBHOCTI [1OJI He BusiBneHo. HaBiTh
HeakITiMOBaHi THYUHKH 8-10 BiKiB 30epiraroTh micis
niepeoxoiomkenns piBers [10J], 1o cTaTUCTUIHO He
BIIPI3HAETHCS Bl KOHTPOILHOTO.

VY minomy 3miau aktuBHOCTI COJl BHacHiTOK
MIEPEOXOJIOKEHHS BiA0yBaIOTHCS MapaielbpHO 31
3MiHaM# BMicTy nmpoMixHuX npoxaykris I1OJI. ¥V
JUYUHOK 3-5 BiKiB CHOCTEPIraeThCsl CIIECK aKTHB-
Hocti COJl micns mepeoxonomxeHHs (puc. 3). Y
HEaKJiMOBAaHUX JUYMHOK aKTUBHICTH (EPMEHTY
3pocTae B 5,5, a y aklliMOBaHUX — TUIBKH B 2,5 pasu.
[Ipu npomy axmiManiss TpU3BOAUTH A0 TOCTPOTO
migsumienas aktupHocTi COJl na 244%. MoxHa
MPHITYCTUTH, 110 y THIruHOK T. molitor BinOyBaeThCst
peryisiis aktuBHocTi CO/] 3a IPUHIUIIOM 3BOPOT-
HOTO 3B’sI3Ky: HakonuueHHsi npoxykriB [1OJI, sxe
MEePEBHINYE HOPMAILHUNH PiBEHb, BUKIHKAE 3piCT
aktuBHOCTI CO/l. Lle MoxHA pO3TIAIATH SIK TIO3UTHB-
HUH MOMEHT NIPUCTOCYBAHHS OPraHi3My J10 HECTIPHAT-
JUBHX YMOB: OpPraHi3M HaMmaraeTbcs 30epertu
MIPOOKCHIAHTHO-aHTHOKCHAHTHY PiBHOBAr'Y, ajie IpH
3HIKEHHI TEMIIepaTypH 1l piBHOBAra epexoiuTh Ha
1HIINH PIBEHb SK OKHUCIIOBAJIBHUX, TAK 1 BiTHOBIIIO-
BaJIbHUX MPOIleCciB. X0o4a MiABUINEHUH PiBEHb aKTHB-
HOCTi aHTHOKCHJJAHTHUX (DEPMEHTIB 4aCTO BBAXKAIOTh
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Puc. 3. Axrusnicte COJ] y T molitor: HA — Heakiimo-
BaHUX; A — aKiMoBaHuX; [l — 10 TIEPEOXOIOKeHHS; [] —
MICIISI TIEPEOXOJIOPKEHHS; * — MOCTOBIPHI BIAMIHHOCTI y
MOPIB-HSIHHI 3 JINYMHKAMH, SKHX HE MEPeOXO0JI0/KyBalIH;
** — MOCTOBIPHI BIIMIHHOCTI Y TIOPIBHSHHI 3 HEaKIIMO-
BaHUMH JIMYMHKaAMH; n=8-18.

Fig. 3. SOD activity in T. molitor: NA — non-acclimated;
A — acclimated; @ — prior to overcooling; OO0 — after
overcooling; * —statistically significant differences if com-
pared with non-overcooled insects; ** — statistically sig-
nificant differences if compared with non-acclimated in-
sects, n=8-18.

Results and discussion

In sensitive to the effect of low temperatures non-
acclimated 3-5 instar larvae the overcooling enhances
the amount of DC in 2.6 times and twice the one for
ketodienes (Fig. 1 and 2). Preliminary cold acclimation
results in an increase of the content of both DC and
ketodienes in 3-5 instar larvae by 66 and 52%,
correspondingly. It points to the fact that even
moderate low temperatures impair a redox balance.
At the same time cold acclimation is capable in some
extent to prevent further accumulation of LPO
products at following overcooling, because the content
of DC in acclimated 3-5 instar larvae after overcooling
enhances only in 1.3 times meanwhile the one for
ketodienes, which are the next stage of oxidation of
non-saturated fatty acids does not change. This fact
enables the supposing that acclimation “switches-on”
the mechanism of anti-oxidant protection, stopping the
chain-reactions of free radical oxidation. That is,
certain protective mechanisms act even at sensitive to
cooling developmental stage due to cold acclimation.

Overcooling does no affect cold-resistant 8-10
instar larvae (Fig. 1 and 2). Though in them there is
observed a tendency for the alteration of the amount
of DC and ketodienes, which is similar to the change
in the number of these compounds in younger larvae,
however no statistically significant splashes of LPO
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OJTHIEIO 3 O3HAK OKHCIIOBAIBHOTO CTPECY, MOTPIOHO
pO3MIISAIaTH OKHCIIOBAIbHO-BIJHOBIIOBAIbHUM
MeTaboJi3M y KOMILIEKCi. 3 Li€l TOUKH 30py BiICYT-
HICTB 3MiH Y aKTHBHOCTI aHTHOKCUAAHTHUX (DepMeH-
TiB 32 yMOB 3pocTaHHs BMicTy nponykris I1OJI moxke
CBIIYMTHU NMPO BUYEPIIaHI MOXKIUBOCTI OpraHi3my
00poTHCS 3 PO3BUTKOM OKHCIIOBAIEHOTO CTPECY.

Y mmunnOoK 8-10 BikiB peakiist COJl Ha nepeoxomno-
JOKEHHS 3aJICKUTHh BiJl TOTIEPEIHBO1 aKiiMarii. Y
HEaKIIMOBaHUX JITYMHOK TEK CIIOCTEPITa€ThCA TiBH-
menns aktuBHOCTI CO/L B 2,7 pasu (puc. 3), ane axmi-
MOBaHi TMYUHKH yTPUMYIOTh akTuBHICTE CO/] micmst
MIepEeOXONIOHKeHHS Ha Tomnepeaubomy piBHI. Crifn
3ayBaKUTH, 1110 CaMa X0JI0[0Ba aKJIiMaIlis He BILTHBAE
Ha 3HaueHHs akTuBHOCTI CO/l y mruunoKk 8-10 BiKiB.
ToOTO mpucTOCOBaHA MO BMXKUBAHHS NMPH HU3BKUX
TeMIlepaTypax OHTOTeHETHYHA CTalisl pearye Ha rnepe-
OXOJIOKEHHSI MEHII Pi3KUM MiABUILIECHHSM aKTHB-
Hocti CO/l, a mpu HasIBHOCTI MonepeHbOo1 akiaiManii
aktuBHicTh COJ] micis mepeoxonoKeHHs B3araii He
3MIHIOETHCA.

Ockinbku OyJI0 MOKa3aHo, 1110 BUYKMBAHICTh aKJIi-
MOBaHUX KOMax IMpH MEPEOXOJIOMKEHH] BHINA, HIXK
HeakiiMoBaHUX [1, 6], MOXXHa MPUIIYCTUTH, IO
TIoTIepe IHS X0JI0A0Ba aKJIiMallis Joromarae 36epiraru
MIPOOKCHIaHTHO-aHTHOKCUIAHTHY PiBHOBATY, PUYO-
My 3aXHCHI MEXaHi3MH, 10 HOYMHAIOTH (QYHKIIO-
HYyBaTH NpH aKiIiMallii, TiF0Th HABITh HA TUX OHTOTEHE-
TUYHHUX CTaJisAX, Ki HE MAalOTh TaKUX CIEIUIIYHIX
ajanTtauid 10 XOJody, K CHHTE3 Ta HAKONMYEHHS
anTudpusHux OinkiB [13].

BucHoBKu

OTpuMaHi JaHi CBiI4aTh MPO TE, IO HAWOUIBII
XOJOAO0CTiHKI ImuuHKH 8-10 BiKiB BEIUKOTO OOpOIII-
HAHOTO Xpymaka 1. molitor 31aTHI 30epiratu
OKMCJIIOBaJIbHO-BIJHOBIIOBAJIbHUM OajaHC IICIs
MIePEOXOJIOKEHHS Kpalle, Hi’XK MOJIOAII JIMIUHKHY.
[Ipu npoMy ocTaHHI MalOTh JOCHTH Ja0idbHY Ta
MOTY)KHY aHTHOKCH/IAHTHY CUCTEMY, SIKa, BPaXOBYIOUH
3HaueHHsa aktuBHOCTI COJl, 3maTHA BIAMOBiAATH HA
PO3BHHEHHSI OKHCIIOBaJbHOTO cTpecy. llomepenHs
XOJIOZIOBA aKIliMaIlisl ,,BMUKae” Hecrenudiyai Mmexa-
Hi3MU 010XIMIYHOTO 3aXHUCTY, IO SKAX MOXKHA BiTHECTH
yTpUMaHHS 1i€1 piBHOBAard, HaBiTh HAa TUX OHTOTCHE-
THYHHMX CTajisfx, sKi 1mo30aBiieHl cnenuiuHuX
ajanrailii 10 HU3bKUX TeMIIeparyp.
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intensity were found. Even non-acclimated 8-10 instar
larvae preserve the LPO level after overcooling, that
statistically and significantly does not differ from the
control.

In general the changes in SOD activity as a result
of overcooling proceed in parallel with those of the
content of LPO transit products. In 3-5 instar larvae
there is observed the splash of SOD activity after
overcooling (Fig. 3). In non-acclimated larvae the
enzyme activity increases in 5.5 times and only in 2.5
times in acclimated ones. In this case acclimation itself
does not lead to a sharp rise in SOD activity by 244%.
It may be supposed that in 7. molitor larvae the
regulation of SOD activity on the principle of reverse
connection occurs: the accumulation of LPO products
exceeding the normal level causes the growth of SOD
activity. It can be considered as a positive moment of
an organism adaptation to unfavourable conditions:
an organism tries to keep pro-oxidant and anti-oxidant
balance, but during temperature reduction this balance
transits to other level of both oxidative and recovering
processes. Even though an increased level of anti-
oxidant enzymes is frequently considered as one of
the signs of oxidative stress a redox metabolism should
be examined in as a complex. From this point of view,
no change in the activity of anti-oxidant enzymes under
increase in LPO product content may testify to
exhausted possibilities of an organism in fighting with
oxidative stress development.

In 8-10 instar larvae the SOD response to
overcooling depends on preliminary acclimation. In
non-acclimated larvae the rise in SOD activity in 2.7
times is also observed (Fig. 3), but acclimated larvae
keep SOD activity after overcooling at a previous
level. It should be noted that cold acclimation itself
does not affect the value of SOD activity in 8-10 instar
larvae. It means, that adapted to surviving under low
temperatures ontogenetic stages responds to over-
cooling with not so sharp increase in SOD activity
and in the presence of preliminary acclimation SOD
activity does not change at all after overcooling.

Since it has been shown [1, 6] that the survival of
acclimated insects during overcooling is higher than
in non-acclimated ones, it may be supposed that
preliminary acclimation is helpful in preserving pro-
oxidant and anti-oxidant balance, moreover protective
mechanisms starting during acclimation are active
even at those ontogenetic stages, having no specific
adaptations to cold, such as synthesis and accu-
mulation of anti-freeze proteins [13].

Conclusions

The obtained date testify to the fact that the most
resistant 8-10 instar larvae of yellow mealworm
T. molitor are capable of better keeping the redox
balance after overcooling than younger larvae. In this
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case the latter have quite labile powerful antioxidant
system which if taking into account the values of SOD
activity is able to respond the development of oxidative
stress. Primary cold acclimation “switch on” non-
specific mechanisms of biochemical protection, where
the maintaining of this balance even at ontogenetic
states deprived of specific adaptations to low tempe-
ratures may be referred to.
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