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Momueayus u yens: B nponomkenue sxcnepumenta J[.K. benseBa nmo nomectukanuu
mucury, B 1970-x rr. [LM. bBopoamHbIM OBIIO TPEANPUHATO WCCIEAOBAHUE II0
IeJICHANPABICHHOMY ~ «OJIOMAlllHUBaHHIO»  cepbix Kpbic  (Rattus  norvegicus),
pe3yIabTaTOM KOTOPOTO CTAJI0 BBIBEACHHUE PYYHOH JIMHUM M KPBIC C TCHETHYECKH
JIETEPMUHUPOBAHHON 3aIIUTHO-O0OPOHUTENBHOHN arpeccueil. [lomydeHnHbie 1Be TMHUN
KPBIC C PAa3IMYHON CTENEHBbIO arpeCCUBHOCTH IO OTHOLICHUIO K YEJIOBEKY SIBIISIOTCS
ynoOHOW MOAENbI0 JAJisl W3Yy4YCHHs OJHOW W3 OCHOBHBIX IPOOJEM COBPEMEHHOM
HEHpOHAYKH — MEXaHU3MOB ()OPMHUPOBAHUS arpeCCUBHOTO MOBeICHUSI. MOHOAMHUHOBBIC
HEHPOTPAHCMUTTEPHBIE CUCTEMBl — IE€PCHEKTHBHAS MHIICHb B HCCICAOBAaHUU
MEXaHU3MOB PETyISINHA U HOPMUPOBAHUS arpECCUBHOCTH. BMecTe ¢ TeM, HeCMOTpsI Ha
OO0JIBIIOI MacCcHB TaHHBIX O BOBJICYEHUH CEPOTOHMHOBON CUCTEMBI MO3Ta B PETYIISIIHIO
pasnuuHBIX GopM arpeccuu [1], Ha ceromHSIIHAN A€Hb KpaitHe Maio WHPOpPMAIH O
ponu 1o)aMHUHEPrUYEeCKOW CHUCTEMBI B MOMICP)KAHHH 3aLIUTHO-OOOPOHHUTEIHHOTO
noBeneHus. Llenb nmaHHOW pa®OTBl — WHCCIeAOBaHUE JO0(GAMUHOBOH CHCTEMbI B
CTPYKTypaXx MoO3ra KpbIC C TCHETHYECKH JICTEPMUHHPOBAHHOW arpeccuedd To
OTHOILIECHHIO YEJIOBEKY MIIU €€ OTCYTCTBHEM.

Memoowvr u ancopummol: AHanu3 TPOBEIEH Ha B3POCIBIX camiiax Kpbeic (Rattus
NOrvegicus), CeIeKIIMOHMPOBAHHBIX B TeUeHHE 98 MOKOJICHHUIT HA BBICOKYIO arpeccHio
10 OTHOIICHUIO K YEJIOBEKY U ee oTcyTcTBHE (N = 8 ays Kax o iuaun). Mccnenosanics
CpPeOHHMH MO3T, THIIOTANaMYC, TUIIIOKAaMII, CTPHAaTyM U (ppoHTainbHas Kopa. YPOBEHb
nopamuna (JA), ero wmerabonutoB 3,4-TUrHAPOKCU(EHUIYKCYCHOW  KHCIIOTHI
(DOPAC) u romoBanmnuHoBO# kucnotel (I'BK) ompenensncs B wcciemyeMpix
cTpykrypax mosra merogomM BDOXKX. Hunmexc merabommsma [IA BBIYUMCISIICS Kak
cootnomenne DOPAC wm I'BK x JA. Meromom OT-IILIP B peanbHOM BpeMeHH
onenuBaiicsi ypoBeHb MPHK ocHOBHBIX modamunoBbix perentopos (Drdl, Drd2),
TpaHckpumirorHoro (akropa Crebl, JIA-tpancnoprepa (Slc6a3), THPO3UHIHAPOKCH-
na3bl (Th) u karexon-O-metuntpanchepasst (Comt).

Pezynomamer: CyniecTBeHHBIE MEXIIMHEHHbIE U3MEHEHHs B YpOBHE dKcrpeccun JIA-
peuenTopoB ObUIM BBISBJICHBl JIMIIbL B THUMNOKAMIIE: Y arpecCUBHBIX KpBIC
3adukcupoBano yBenuueHue yposus MPHK Drd2, kogupyromero JIA-peuentop 2-ro
tuna (D2R). [lpu aTom BhIsIBICHHOE yBenuueHue 3kcrpeccuu D2R, Tpancmykims
curHaia mo G-3aBUCHMOMY IyTH KOTOPOTO NPUBOAUT K HoAaBieHH0o HAMO®-
CHTHAJBHOTO Kackazma [2], compoBokaanock pocrom ypoHs MPHK Crebl,
KOJHMPYIOIIET0 aCCOMUPOBAaHHBIN 0el0Kk K TAM® 31eMeHTy, YTO, BEPOSTHO, SBIISETCS
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KOMITEHCAaTOpHBIM 3((deKkToM moanepxkanusi crabunbHocTH JIA-HeipoTpaHcMHCCHH.
VYcraHoBNeHa TpsiMasi KOPpeISIMOHHAs CBsi3b Mexxay ypoBHem MPHK Drd2 u Crebl
(r= 0.716; p < 0.002). B runmokammne, KaKk W B CTpHaTyMe, HE OOHApPYX EHO
MEXKITMHEHHBIX pasnniuii B ypoBHe JIA u ero metagonuros (DOPAC, I'BK). B cpennem
MO3re y arpecCHBHBIX KPBIC MO CPaBHEHUIO C PYYHOW JMHUEH Ha (OHE yBEIMYCHHUS
YPOBHSI OKCIPECCHMH TeHa Th, KOIMPYIOIIET0 OCHOBHOW (epMmeHT cuHTe3a JIA,
ycranoBieH poct ypoBHst DOPAC, npu atom konnentparus JJA n 'BK He nusmenunnace.
Bo ¢poHTanbHOM KOpe Yy arpeccHBHOW JMHHUH KpBIC BBIABICHO YBEIHUYCHHE
KoHIeHTpauu A BciencTBue, MO-BUIUMOMY, MEXKIHMHEHHBIX pa3iMuuii B ypOBHE
MPHK Th, xoTopast y py4HbIX KpbIC HE JETEKTHPOBaIach BOBce. BmecTe ¢ TeM cambie
3HAYMMBbIEe MEXJIMHEHHBIE pa3Inyus B ypoBHe MeTtabonusma J[A ycTaHOBJIEHBI HAMH B
THIIOTalaMyce, B CTPYKType, KaK HW3BECTHO, OTBETCTBEHHOH 3a pEeryJsLuio
arpeccuBHOrO MmoBeneHus [3]. Y arpeccHBHOM IMHUH KPBIC B TUTIOTalIaMyce, HECMOTPS
Ha OTCYTCTBHE M3MEHCHHUIl B YpOBHE dKcrpeccuu reHoB meradbonusma 1A (Th, Comt),
3a(hUKCUPOBAHO CHIKEHHUE B ypoBHE JIA Ha ()OHE CYIIeCTBEHHOTO pOCTa €r0 KOHEYHOTO
metabonuta ['BK, npu aTom konnentpanuss DOPAC, HanpoTuB, CHUXKaIach.

Buvigoowi: Takum o0pa3oM, Hamui OBUTA BIIEPBBIE YCTAHOBIEHO CYIIECTBEHHOE
yBEJIMUYCHHE YPOBHs MeTabosu3Ma [JA B rUnoTaniaMmyce arpecCUBHBIX Kpbic. Mcxoms u3
MOJYYEeHHBIX PE3YNbTaTOB, a TAaKKE C y4YEeTOM paHee BBIABHHYTOW THUIOTE3bI 00
M3MEHYMBOCTH THUNOTaNaMo-runoduzapHo-HaamnoueynnkoBoir cucremer (ITHC) B
pe3yibTaTe 0TOOpa Ha Pa3INYHYIO CTEIICHb arPECCUBHOCTH T10 OTHOILEHHIO K YEIOBEKY
[4] MOKHO MIPEIIONIOKUTD y4aCTUE THIIOTAIAMUYECKOH JOhaMHHEPIHUECKONH CHCTEMBI
B MeXaHU3Max (popMHUPOBaHUS 3aIUTHO-00OPOHUTEIHHOTO TOBEICHHUS.
Qunancuposanue: CopepxKaHue IKUBOTHBIX OCYLIECTBISUIOCH 33 CYET CpPEACTB
OromxeTHoro mpoekta FWNR-2022-0023. PaGota BbIlONHEHA TNpH  TOAJCPKKE
Poccuiickoro nayunoro ¢onna (rpant Ne 22-15-00028).
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Motivation and Aim: In continuation of D.K. Belyaev’s experiment on fox
domestication, in the 1970s P.M. Borodin undertook a research on the goal-oriented
“domestication” of Norway rats (Rattus norvegicus), which resulted in the breeding of a
tame strain and rats with genetically defined defensive aggression. The resulting two
strains of rats with different degrees of aggressiveness towards humans are a useful
model for investigating one of the main problems of modern neuroscience, namely the
mechanisms of aggressive behavior formation. Monoamine neurotransmitter systems are
a promising target in the analysis of the regulation and formation mechanisms of
aggressiveness. At the same time, despite a large amount of data on the involvement of
the brain serotonin system in the regulation of various aggression forms [1], today there
is lack of information about the role of the dopaminergic system in maintaining defensive

BGRS/SB-2024 1301



behavior.The aim of this work is to investigate the dopamine system in the brain
structures of rats with genetically defined aggression towards man or its absence.
Methods and Algorithms: The analysis was carried out on adult male rats (Rattus
norvegicus), selected (for 98 generations) for high defensive aggression towards man
and its absence (n = 8 for each strain). The midbrain, hypothalamus, hippocampus,
striatum and frontal cortex were studied.The levels of dopamine (DA), its metabolites
3,4-dihydroxyphenylacetic acid (DOPAC) and homovanillic acid (HVA) were
determined in the investidated brain structures by HPLC method. The index of brain
DA-metabolism was calculated as the ratio of DOPAC or HVA to DA. Real-time RT-
gPCR was used to evaluate the MRNA levels of the main DA receptors (Drd1, Drd2),
transcription factor Crebl, DA transporter (Slc6a3), tyrosine hydroxylase (Th) and
catechol-O-methyltransferase (Comt).

Results: Significant interstrain changes in the expression level of DA receptors were
detected only in the hippocampus; in aggressive rats, an increase in the Drd2 mRNA
level, encoding dopamine D2 receptor (D2R), was recorded. At the same time, the
detected increase in the Drd2 gene expression, that G-dependent signal transduction
leads to the suppression of the cAMP-cascade [2], was accompanied by an increase in
the Creb1l mRNA level, encoding an cAMP-response element binding protein, which is
probably a compensatory effect of maintaining the stability of DA neurotransmission. A
positive correlation was showed between the Drd2 and Crebl mRNA levels (r = 0.716;
p < 0.002). In the hippocampus, as in the striatum, no interstrain differences were found
in the DA and its metabolites (DOPAC, HVA) levels. In the midbrain of aggressive rats,
compared with the tame strain, with an increase in the expression level of the Th gene,
encoding the main enzyme for the synthesis of DA, an increase in the level of DOPAC
was established, while the concentration of DA and HVA did not change. In the midbrain
of aggressive rats, compared with the tame strain, there was an increase in the Th gene
expression level, encoding the main enzyme for the DA synthesis, whereas the
concentration of DA and HVA in this structure did not change, while an increase in the
level of DOPAC was found. In the frontal cortex of the aggressive strain, an increase in
DA concentration was detected due, apparently, to interstrain differences in the Th
MRNA level, which was not detected at all in the tame rats. With that, we revealed the
most significant interline differences in the level of DA metabolism in the hypothalamus,
a structure known to be responsible for regulation aggressive behavior [3]. In an
aggressive strain of rats, in the hypothalamus, despite the absence of changes in the DA
metabolism genes (Th, Comt) expressionl levels, a decrease in the DA level was recorded
against the background a significant increase in the final DA metabolite (HVA), while
the concentration of DOPAC, on the contrary, decreased.

Conclusion: Thus, we were the first to reveal a significant increase in the hypothalamic
DA metabolism level of aggressive rats. Based on the results obtained, and also taking
into account the previously proposed hypothesis about the variability of the
hypothalamic-pituitary-adrenal (HPA) axis as a result of selection for different degrees
of aggressiveness towards man [4], we can assume the participation of the hypothalamic
dopaminergic system in the mechanisms of defensive behavior formation.
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