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HccnenoBano coneprkaHue MPOMEKYTOUHBIX TPOLYKTOB epekrcHoro okuciaenus tunuaos (I10JI): auenoBsix konboratos (J1K)
1 KETOAMEHOB Yy OOJBIIOr0 MyYHOTO Xpymaka 1. molitor Ha XOJIOJOTyBCTBUTENBHON M XOJOJOYCTOIUMBOM CTaIUsIX OHTOTCHE3a.
OreHeHa UHTEHCUBHOCTD CIIOHTAaHHOTO M MHAYIUpPOBaHHOTO mnepekuchio kymmiaa I[TOJI. [TokazaHo, 9TO AJISL XOJIOJOYCTOWYIHMBEIX
nnarHOK 8-10 BO3pacTOB XapaKTepHO MOHMKEHHOE comepxanue mpoxykToB IIOJI B pesynbraTe XOJI0M0BOH aKKJIMMAaIUH.
Xo0II00yCTOHYNBBIE THYMHKH 00TaJaoT CHocoOHOCTRIO “TopMo3uTh” mpouecchl [10JI, He momyckash HaKOIUICHHS IMPOXYKTOB
OKHCJIEHHUS KETOHOBOI MPUPOIBL.

JlocnimpKeHo BMICT HPOMDKHHUX MPOJIYKTIB MEPEKUCHOTO OKMCIICHHS JIIMIAIB: JI€HOBUX KOHIOTaTiB Ta KETOMIEHIB y BEIHUKOTO
GopourHsHOro xpyiaka 7. molitor Ha XOJIOZOYYTIUBIH 1 X0IOAOCTIiKIH cTanisx oHTOreHe3y. OLiHEeHO IHTCHCHBHICTh CIIOHTAHHOTO
Ta inaykoBaHoro nepekucem kyminy ITOJI. TTokaszano, 1110 T XOJOAOCTIHKUX THYHHOK 8-10 BiKiB XapaKTEPHUM € 3HIDKCHHU BMICT
npoxayktiB ITOJI y pesysnbrari xononoBoi akiimarii. XoloZ0oCTiHKI IMYMHKN MalOTh 31aTHICTh “ranbmysatu’ npouecu [10JI, He
JONYCKAarO4{ HAaKOIMYCHHS NPOAYKTIB OKHCIICHHS KETOHOBOT IPUPOAN.

The content of lipid peroxidation (LPO) intermediates: conjugated dienes and ketodienes, at cold-sensitive and cold-
tolerant developmental stages in the yellow mealworm 7. molitor was investigated. Intensity of spontaneous and cumil perox-
ide-induced LPO was estimated. It has been shown that cold-tolerant 8-10 instar larvae are characterised by the reduced LPO
product level as a result of cold acclimation. Cold-tolerant larvae are able to “hinder” LPO processes preventing accumula-

tion of ketone products.

Bo03MOXHOCTH CyNIeCTBOBAHUS NPUIUHHO-
cnencreeHHon cBsa3u Mmexnay [1OJI m nu3meHeHueMm
¢dusnosoruueckoro coctossuus [1] memaer odoc-
HOBaHHBIM U HEOOXOTUMBIM M3YUEHUE CBSI3U MEXKITY
ITOJI u amanTaniMOHHBEIMU MPOTIECCAMH B OPTaHU3ME.
CymiecTBOBaHME TaKOW CBSI3M OCHOBBIBACTCS Ha
OUYEBHUTHOM TPEINOJIOKEHUH, YTO IBOJIIOIMOHHBIC
YCOBEPILIEHCTBOBAHUS OMOXMMHUYECKUX M (PU3HO-
JIOTHYECKUX CUCTEM, B YaCTHOCTH CHCTEM 3aITUTHI OT
CBOOOIHBIX paJWKaAJIOB, MOKHBI OTPA3UTHCS Ha
WHTETPANTBHBIX MOKA3aTeNAX HaIEXHOCTH Opra-
HU3Ma — YCTOWYMBOCTU OpTaHU3Ma K JIEUCTBUIO
HEOIarONPHUATHBIX (DAKTOPOB OKPYKAIOIIEH CPEbl, B
TOM 4YHCIIe W HU3KHX Temreparyp. YposHio [10JI u
AKTHBHOCTU AHTHUOKCHIAHTHON CHCTEMBI IMPH
JUTUTETHHOM XOJIOMOBOM BO3JEHCTBUU TOCBSIICHBI
paboThI, MPOBEJCHHBIC KaK Ha MPUCTIOCOOIICHHBIX K
HHU3KHMM TeMIlepaTrypaM XHUBOTHHIX [4], Tak W Ha
00BeKTax, He UMEIOIINX CIEIUATBHBIX MEXaHU3MOB
X0JI07I0BOM amanranuu [2, 8]. OmHako, 9T0 KacaeTcs
XOJI0J0YCTONYUBEIX OCCIIO3BOHOYHBIX, TO MOKa
OTCYTCTBYET IEJIOCTHAsI KapTHUHA, YKa3bIBAIOIIas
mecto nporeccoB [10JI B obmielt cxeme amantamnuoH-
HBIX MEXaHWU3MOB. JIJIs M3y4EHHS CBS3U XOJIOJ0-
YCTOWYUBOCTU C OTACIBHBIMH OMOXUMHUYECKUMHU
MPOBNEMbBI
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The probability of cause-effect relationship
existence between LPO and a change in physiological
state [ 1] makes valid and necessary the study of the
bond between LPO and adaptation processes in an
organism. The existence of such a relationship is
based on an evident supposition, that evolutionary
improvements of biochemical and physiological
systems, in particular protective systems against free
radicals, should be reflected on integral indices of an
organism reliability such as: the resistance of an
organism to the effect of unfavorable environmental
factors, low temperatures including. The works,
performed both in the low temperature-adapted animals
[4], and in the objects without special mechanisms of
cold adaptation [2, 8], are dedicated to the LPO level
and antioxidant system activity under long-term cold
effect. However as for cold-tolerant invertebrates, there
is no complete picture, indicating the place of LPO
processes in a total scheme of adaptational mechanisms.
In order to study the relation of cold-tolerance with
some biochemical systems in the whole and LPO, in
particular, one of the most perspective models is the
yellow mealworm 1. molitor (1enebrionidae).

The aim of this work was to study the accumulation
of LPO intermediates at cold-tolerant and cold-
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cuctemamu B nenoM u I1OJI, B wacTHOCTH, OnHOM U3
Hanboyee MEePCNEeKTUBHBIX MOJENEH SBIsSETCA
Oonpmwodt MyuHoi xpymak 7. molitor (cewm.
Tenebrionidae).

Hens nanHoi pabOTHl — U3YYUTh HAKOILICHHE
npomMexyTounbsx npoaykros I1OJI ma xomono-
YCTOMYUBON M XOJIOJOYYBCTBUTENBHOM CTamMAX
OHTOTEHE3a, a TAKXKE OLEHUTHh BIMSHHE XOJIOIOBOM
aKKJIMMalMy Ha MHTEHCUBHOCTH nporeccos [1OJI.

B pabore ucnons3oBansl TUUUHKY 1. molitor u3
nabopaTopHoil momyasuuu. s 3KCepuMeHTOB
otoupanu mnanHoK 3-4 u 8-10 Bo3pacToB. Hacekombix
aKkIuMupoBanu npu 4-6°C B TeueHUe 2-X HEAETb.
JINYMHKN TOMOTEHU3UPOBAJIU B PYYHOM TIOMO-
reansarope B 0,025 M Oydepe tpuc-HCl, pH 7.4.
[Iponyxter I10JI sxcTparupoBanu CMECBIO TE€NTaH-
n3ompomnanon (1:1) [5]. B Y® obnactu uccre-
nosanuble nmpoaykTsl [OJI (K 1 keTonueHsl) uMeroT
UKy noroweHus mpu 233 u 270 HM COOTBETCTBEHHO
[1, 5]. MbI ouenuBanu conep:kanue npoaykros [1OJI
B CIUPTOBOH! (ha3e SKCTPaKTa, B KOTOPYIO 110 JaHHBIM
[3] yxomar mpoAayKThl OKUCIEHUS (OCHOTUIHIOB.
JlaHHBIE BBIpaXKEHBI B OTHOCUTENIBHBIX ONTHYECKHX
enuHunax Ha 1 mr celporo Beca. B kauectBe
uHaykropa [10J1 ObL1 B3SIT BOOHBIHM pacTBOP MEPEKUCH
KyMmuia B koHueHtpanuu 0,2 mr/mu. IlepBuunas
CcTaTHUCTHUYECKasi 00paboTKa JaHHBIX U CpPAaBHEHHE
BBIOOPOK 10 KpuTepuio CThIONEHTa MPOBEAEHBI C
MOMOILBIO TporpaMMbl StatgraphicWin.

[TOJI — cnoxubIil mpouLecc, B X0Ae KOTOPOTO
oOpasyrTcs pazHooOpa3Hbie MpoAyKTHl [1]. B
HacToswIel paboTe n3ydasucs TOJIbKO OJUH U3 MyTeH
IIOJI mo cxeme: MOJMHEHACHIIEHHBIE XHUPHBIE
kucnotel = JIK = ketonueHsl.

JoOaBneHne nepekucu KyMuia K TOMOTEHaTy,
[OJTyY€HHOMY M3 JUYMHOK 3-4 BO3pacTOB, BBI3BIBAJIO
yBenuuenue coaepkanus [IK na 31,7 u Ha 28,3% y
HEaKKJIMMHUPOBAHHBIX U aKKIMMHPOBAaHHBIX 0cOOei
COOTBETCTBEHHO (puc. 1) 1 KeTonueHoB Ha 25,4 1 Ha
22,2% y HEaKKJIMMUPOBaHHBIX U aKKJIMMHUPOBAaHHBIX
0co0ei COOTBETCTBEHHO (pHcC. 2).

OnHaxo, KaK cieyeT U3 NOITy4YeHHBIX PE3YJIbTATOB,
k 8-10 Bo3pacTaM JNTHYMHOK XapaKTep WHIYIHU-
posanHoro [10JI Heckonbko uzmensercd. [ lpumenenue
MEPEKUCH KyMUa MPUBOAUT K BO3PACTAHUIO YPOBHS
JK Ha 25,6% y HEaKKITMMUPOBaHHBIX JINYMHOK U Ha
25,0% - y akkauMupOBaHHBIX (puc. 3), HO He
keroaueHoB (puc. 4). Kak usBectHo [6], TMYUHKH
T. molitor mpuoOpeTaroT cCiocOOHOCTH BEIXKHBATH IPH
MOHMXEHUHU TEMIIEpaTypsl mociue 7-8-i TUHBKHU.
Bo3moxxHo, Habnozaembple 3aKOHOMEPHOCTH
OOBSACHSIIOTCS TeM, YTO y JTUUMHOK 8-10 Bo3pacToB
AQHTUOKCHJAHTHAS CHCTEMA CIIOCOOHA PETATCTBOBATD
HaKOIJICHUIO MPOJAYKTOB OoJiee MO3IHUX ITAINoB
OKHCJICHHS, B TO BpeMs Kak Hec(OpMHPOBaBLIASCS
AHTHOKCUIAHTHAsA CHCTEMa IMUYMHOK PAHHUX BO3pac-
TOB HE B COCTOSIHMM NMPOTHBOCTOATH NEHCTBUIO
CBOOOJHBIX PaJMKaIOB, U MPOLECCH OKHCICHUS
Pa3BHUBAIOTCSA Janblie. ITO MOAPa3yMeBAET BaXKHOCTh
NPOBJIEMbBI
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sensitive developmental stages, as well as to estimate
the effect of cold acclimation on the LPO processes
intensity.

In the work we used T. molitor larvae from
laboratory population. The 3-4 and 8-10 instar larvae
were selected for the experiment. Insects were
acclimated at 4-6°C during 2 weeks. Larvae were
homogenised in a manual homogenizer in 0.025 M
Tris-HCI buffer, pH 7,4. LPO products were
extracted by heptane-isopropanol mixture (1:1) [5].
In UV zone the investigated LPO products (CD and
ketodienes) have the absorption peaks at 233 and
260 nm, correspondingly [1, 5]. We estimated the
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Puc. 1. ¥posens JIK B criupToBoii pase sxcTpakra TkaHeH
nnurHOK 3-4 Bo3pactoB T. molitor, n=6, p<0,05 (cpaBHeHHe
AKKIIMMHPOBAHHBIX M KOHTPOJIBHBIX 0CO0EH)

D - HCAKKJIMMHUPOBaHHBIC, . - aKKJIMMHUPOBAHHBIC.
Fig. 1. CD level in alcohol phase of tissue extract of T.
Molitor 3-4 instar larvae, n=6, p<<0.05 (comparation of
acclimated and non-acclimated species)
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Puc. 2. YpoBeHb KETOIMEHOB B CIIMPTOBOM (ha3e IKCTpaKTa
TKaHel muuHOK 3-4 BospactoB 1. molitor, n=6, p<0,05
(cpaBHEHHE aKKITMMUAPOBAHHBIX ¥ KOHTPOJIBHBIX 0COOCH)

[] - neaxxknumuposannbie, [ - aKKTHMHPOBAHHBIE.

Fig. 2. Ketodiene level in alcohol phase of tissue extract of
T molitor 3-4 instar larvae, n=6, p<0.05 (comparation of
acclimated and non-acclimated species)
[] - non-acclimated, [jij - acclimated.
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Puc. 3. Yposens JIK B criupToBoii paze saxcTpakTa TkaHEeH
nuunHok 8-10 Bo3pactoB 7. molitor, n=10, p<0,05
(cpaBHEHHE aKKIMMHUPOBAaHHBIX U KOHTPOJIBHBIX 0CO0EHT)
[] - neakxnumuposannsie, [ - aKKIMMUPOBAHHBIE.

Fig. 3. CD level in alcohol phase of tissue extract of
T. molitor 8-10 instar larvae, n=10, p<0.05 (comparation
of acclimated and non-acclimated species)

[ - non-acclimated, [ - acclimated.
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Puc. 4. YpoBeHb KETOIMECHOB B CIIUPTOBOM (pase sKkcTpakTa
TKaHe# muauHoK 8-10 Bo3pactoB 1. molitor, n=6, p<0,05
(cpaBHEHHE aKKJIMMHAPOBAaHHBIX U KOHTPOJIBHBIX 0CO0EH)

D - HCAKKJIIMMHUPOBAHHBIC, . - aKKJIMMUPOBAHHBIC.

Fig. 4. Ketodiene level in alcohol phase of tissue extract of
T molitor 8-10 instar larvae, n=6, p<0.05 (comparation of
acclimated and non-acclimated species)

[ - non-acclimated, [ - acclimated.

MMPOOKCHUTAHTHO-aHTHOKCUJAHTHOTO OajaHca I
o0ecreueHus X0JI0I0yCTONYUBOCTH OpraHu3Ma.

Kpome Toro, Bo BpeMsi XOJIOIOBOI aKKIUMAIIUH
nmuauHOK 8-10 BO3pacTOB MPOUCXOIUT CHUIKCHHUE
kommmuectBa JIK Ha 17,7% npu cnorranaoM [10OJI u
Ha 18,0% npu nHAYIHPOBaHHOM MEPEKHUCHI0 KyMIJIa
(puc. 3), a taxke kerogueHoB Ha 17,5 u Ha 20,0%
JUTSI cClIOHTaHHOTO M HHIyTTpoBanHoro [10JI cooTBeT-
crBeHHO (puc. 4). [IpuuuHO# 3TOrO, BEPOATHO,
SIBJIIETCS JTMOO akTUBAIUs (DEPMEHTOB aHTHOKCHIaH-
THOW CHCTEMBI, TU00 HAKOIIJICHHE aHTHOKCHIAHTOB
THIIa TOKO(EPOJIOB, TIIyTaTHOHA | T.IT. B TO ke Bpems
cojepkaHue TIPU TOJOKUTEITBHBIX OKOJIOHYJIEBBIX
NPOBJNEMBI
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LPO products content in the extract alcohol phase,
where, according to the data [3] the products of
phospholipid oxidation release. The data are
manifested in relative optical units per 1 mg of raw
weight. An aqueous solution of cumil peroxide in
0.2 mg/ml concentration was taken as the LPO
inductor. Primary statistical data processing and the
samples comparison according to the Student’s
criterion were carried-out using StatgraphicWin
Software.

LPO is a complicated process, in the course of
which there is the formation of different products
[1]. In this work only one of LPO ways was studied
according to the following scheme: poly-unsaturated
fatty acids = CD = ketodienes.

Cumil peroxide adding to the homogenate,
obtained from the 3-4 instar larvae, caused an
increase in CD content by 31.7 and 28.3% in non-
acclimated and acclimated species, correspondingly
(Fig. 1) and in ketodienes by 25.4 and 22.2% in
non-acclimated and acclimated species,
correspondingly (Fig. 2).

However, as it follows from the results obtained,
to the 8-10 larvae instar the character of induced
LPO slightly changes. Cumil peroxide application
results in the augmentation of CD level by 25.6% in
non-acclimated larvae and by 25.0% in acclimated
ones (Fig. 3), but not of ketodienes (Fig. 4). As it is
known [6], T. Molitor larvae gain the capability to
survive at the temperature decrease after the 7"-8™
molt. The observed regularities are likely explained
by the fact, that in the 8-10 instar larvae an
antioxidant system is capable to prevent the products
accumulation of later oxidation stages, meanwhile a
non-formed antioxidant system of earlier instar
larvae is not able to resist the free radicals effect,
and the oxidative processes continue their
development. This fact means the importance of
peroxidant-antioxidant balance for providing an
organism’s cold-resistance.

Besides, during the 8-10 instar larvae cold
acclimation there is a decrease in CD content by 17.7%
at a spontaneous LPO and by 18.0% at cumil peroxide-
induced one (Fig. 3), as well as in ketodienes by 17.5%
and by 20.0% for spontaneous and induced LPO,
correspondingly (Fig. 4). This cause is probably either
the antioxidant system enzyme activation or the
antioxidant accumulation of tocopherol, glutathione,
etc type. At the same time the maintenance under
positive about zero temperatures does not cause an
acclimating effect on the 3-4 instar larvae, that can
also testify in favour of the antioxidant system
participation in adaptation processes.

Thus, the data of the investigations performed
point to the fact that, in the insects at cold-tolerant
developmental stages there is a change in the
character of LPO processes proceeding in
comparison with the cold-sensitive stages, judging
by the accumulation of phospholipid oxidation
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TeMrepaTypax He OKa3blBaeT aKKIMMUPYIOIIEro
JEHCTBUA HA IMYMHOK 3-4 BO3PACTOB, YTO €LIE MOXKET
CITY’KUTb IOTIOJIHUTENbHBIM CBUAETEILCTBOM B MOJIB3Y
y4acTHsl aHTUOKCUAAHTHOM CUCTEMBI B aIallTalluOH-
HBIX MPOIIECCaXx.

Takum o0Opa3oMm, JaHHBIE TPOBEACHHBIX HAMH
HCCIEIOBAaHUN YKa3bIBAIOT, YTO Y HACEKOMBIX Ha
XOJIOAOYCTOMYUBBIX CTAAUSIX OHTOTEHE3a U3MEHSIETCS
xapaktep npotekanus npoueccos [10JI o cpaBHeHnIO
C XOJIOIOUYBCTBUTEIBbHBIMU CTAAUSIMH, CYAS IO
HAaKOILICHUIO MTPOMEKYTOUHBIX IPOAYKTOB OKUCICHUS
(hochomunuaoB. ITO TOBOPUT O TOM, YTO MEXAHHU3MBI
aJjanTaluy K HU3KUM TeMIIEpaTypaM 3aTparuBaioT B
YHCJIE TPOYUX N3BECTHBIX OMOXUMHYECKHX IPOIIECCOB
[7] u mponeccer T1OJL.
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intermediates. It testifies to the fact, that the
adaptation mechanisms to low temperatures touch
upon the LPO processes among the other known
biochemical processes [7] as well.
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