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Pedepar:

1. InceprauiiiHa po60Ta NpUCBSIYEHA JOCTIIKEHHIO 6i0XiMiYHUX [TOKA3HUKIB KPOBi KPOJIiB MicJIs BilslydeHHS 3a
YMOB Pi3HOrO PiBHS TEIJIOBOTO CTPECY i BUKOPUCTAHHSI HAHOUUTPATiB Zn, Ge i Se 1J1s1 TOM'IKIIeHHS 110ro
HETaTUBHOTO BILIMBY. Y NEPLIOMY pO3aii «Orisy JiTepaTypru» HaBeLeHO IPYHTOBHUN aHaJIi3 BITYN3HSIHOI Ta
3apy0i>KHOI HAyKOBOI JIiTEpaTypu 3a HAIPSIMOM JOCJIiI>)KEHHS, 30KPEMA PO3KPUTI MUTAHHS 6i0J0TIYHUX
0COOJIMBOCTEN OpraHi3My KpOJIiB Ta BILJIMBY TEIJIOBOI'O CTPECY Ha ixHi 3MiHH, OKa3aHo (i3iosoriyHe 3HaYeHHS
Linnky, Ceneny Ta ['epMaHilo y >KMBJIEHHI KPOJIiB Ta 3aCTOCYBAaHHS METO/IiB HAHOTEXHOJIOTIi Y TBADMHHULTBI. Y
IpYyroMy po3zini «YMOBH, MaTepiann Ta METOJMKA IIPOBEJIEHHS JOCIiIPKEHb» PO3KPUTO OCOOIMBOCTI BUKOHAHHS
€KCIIEPMMEHTIB, onrucaHo (Pi3nvyHi XapaKTepUCTUKY HAHOYACTUHOK Zn, Ge i Se, cxemy Ta OCHOBHi METOINKHU

IOCJIiIKeHHS], 1J1s1 BUKOHAaHHS IIOCTaBJIeHUX 3a7ia4 y JucepTaliiiHiil po6oTi. Y TpeTboMy po3fini «PesyibpTaTi



BJIACHUX JJOCJIiIPKEHb» [TPOAHAJII30BaHO BIUIMB HAHOYACTUHOK Zn, Ge i Se nuuTpary Ha MOp¢OIoriyHi Ta 6ioxiMivHi
[IOKa3HUKY KPOBi 32 HOpMH Ta roMipHOro (27,8 - 28,9 0C) i1 cunpHoro (28,9 — 30 0C) TemnynoBoro cTpecy.
3acTocyBaHHS HAHOCIOJIYK LIMHKY (12 MI/KI Macu Tina), cesieny (60 MKr/Kr Macu Tisa) Ta repmatito (12,5 MKr /Kr
MacCH Tijla) LUTPATIB y pallioOHi KPOJIiB MicJis BifjTly4eHHs IO3UTUBHO BIUIMBAJIO HA KUCHEBO-TPAHCIIOPTHY (PYHKILiIO
KPOBi 32 YMOB [TOMipHOT'O Ta CUJILHOTO TEIJIOBOTO CTPECY 3 MiBUIIEHHSM KiJIbKoCTi eputpouuTis (p<0,05 - 0,01),
BMicTy remorso6iny (p<0,05 - 0,001), rematokpury (p<0,05 - 0,01) Ta 3HUKEHHSI KisIbKOCTi JierikonuTis (p<0,05) Ha
14129 no6u eKCrepruMeHTY, 10 6YJI0 BUPaKEHO 6ibLIOI0 MIpPOIO Y TBAPUH, SIKUM BUIIOIOBAJIN LIUHKY Ta CEJIEHY
LMTpaT. BUNoroBaHHs KPOJISIM HAHOCIIOJIYK MiKPOEJIEMEHTIB 3yMOBJIIO€ [TIOCUJIEHHS aJaNlTAlliHUX NIPOLECIB
OpraHi3aMy 3a YMOB [TOMipPHOTO Ta CUJILHOTO TEIJIOBOTO CTPECY, 30KpPeMa 3a Aii UHKY JUTPATy y KPOBi BCTAHOBJIEHO
BiITIOBiTHO MEHIINII BMiCT KpeaTuHiny (7,3 Ta 7,5 %), 3HmwkeHHs aktuBHOCTI ACT (16,9 Ta 35,0 %), AJIT (12,4 Ta 23,5
%) Ta MEHIINI1 BMICT XosecTepoy (22,2 Ta 27,3 %), cesleHy LUTpaT CIPUsIB 3MEHIIEHHIO PiBHS KpeaTuHiny (7,3 1a 7,5
%), sHwKeHHIo akTuBHOCTI ACT (13,0 Ta 15,2 %) i AJIT (10,5 Ta 18,5 %), HrxKuomy BMicTy xosiectepoay (16,6 Ta 17,8 %) i
cevoBuHHU (19,9 Ta 17,7 %), repmaHilo UTPAT [IO3HAYUBCS 3HIKEHHSIM BMicTy cedyoBuHH (19,9 1 20,3 %) Ha 141 29
06V €KCIIEPMMEHTY. 32 YMOB IIOMIPHOTO TEIJIOBOT'O CTPECY BUIIOIOBAHHSI HAHOYACTUHOK MIKpOEJIEMEHTIB
CIIPUYMHUIIO BUPAXKEHUI aHTMOKCULAHTHUM BILJIMB HA OPTraHi3M KpOJIiB, 30KpemMa 3a Aii: HUHKY LUTpaTy
BCTaHOBJIeHO Hwk4uil piBeHs I'TLT (p<0,001) i TBK-aktuBHUX nponykTiB (p<0,001) Ha 14 106y mOCiIPKEeHHS, BULLY
CYIIepPOKCUAAUCMYTa3Hy akTUBHICTb (p<0,01) Ha 29 106y; UMHKY i cesleHy UUTPaTiB 3yMOBUJIO MiJiBUIIEHHS
KarasnasHoi aktuBHOCTi (p<0,01; p<0,05) ta Bmicty BI' (p<0,01; p<0,001) Ha 14 i 29 mo6u gocnifxKeHHs. 3aCTOCYBaHHS
CIIOJIyK HAHOYACTMHOK LIMHKY Ta CEJIEHY LIUTPATIB 32 YMOB CUJIbHOTO TEIIJIOBOTO CTPECY CIPUSJIO aKTHUBALlii
CHCTEMU aHTUOKCHJAHTHOTIO 3aXUCTY, 1O CIIPUYMHUIIO 3HUKEHHS IHTEHCUBHOCTI ITPOLIECIB IEPOKCULHOTO
OKVCHEHHS JIIiMiB Ta MigBUIIEHHS aKTUBHOCTI KJII0YOBUX aHTUOKCULAHTHUX €H3MMIB, 30KpEMA 3HMKEHHS BMICTY
['TLI (p<0,001) Ha 14 i 29 no6u, nigBuieHHS cynepokcuaaucmyTasHoi (p<0,01) i katanasHoi (p<0,05) akTUBHOCTI Ha
29 no6y. IIpu upomy 3adikcoBano 36inbueHHs BMicTy BI' (p<0,001) Ha 14 Ta 29 no6u Ta MigBUILEHHS
IJIyTaTiOHNEepPOKCHa3Hoi akTUBHOCTI (p<0,01) 32 BUIIOIOBaHHS CeJieHy LATPaTy Ha 14 Ta 29 1o6u eKClIepUMEeHTY.
3acToCcyBaHHSI HAHOYACTHMHOK LIMHKY, CEJIEHY Ta T€PMaHilo UTPATIB 32 YMOB IIOMIPHOTO i CUJIBHOTO TEIJIOBOTO
CTpecy CyTTeBO MOAMQiKye JinigHUI 0OMiH y KPOBi KPOJIiB, OJJHAaK XapaKTep i BUPakeHiCTb 3MiH 3asiexaa Bif
eJIeMeHTa Ta iHTeHCUBHOCTI CTPECOBOr0 YMHHUKA. l[MHKY LUTpaT 3HWKYyBaB piBeHb xosiectepoity (21,11 13,5 %) ta
nigsuyBas BMicT pocdoniniznis (16,9 i 8,3 %) BinnosigHo Ha 14 i 29 nobu gocnigkeHHs. CeJleHy LUTPAT IPOSIBIIsiE
BUPKEHY TilI0X0JIECTEPOJIOBY Iil0 3 ONHOYACHUM MifBUILIIEHHSIM BMicTy pocdomnininis (23,3 i 26,3 %) Ha 141 29
o6y eKcriepuMeHTy. ['epMaHiio [uTpaT 3MeHIIyBaB BMICT xoJiectepoiy (8,4 i 23,4 %), minBuryBas BMiCT
docdonininis (14,2 1 10,7 %) Ha 14 Ta 29 nobu JocuinKeHHs. BUnomoBaHHS KpoJsiM UHKY LATPATY BIPOLOBX 29 7116
XapaKTepU3yBajoCs BUIMM PiBHEM Zn y TKAHWHAX MI€YiHKYU, HUPOK Ta LWIEPCTi BiANoBigHo Ha 27,9; 26,7 Ta 26,4 %, Se
y nevinni Ha 24,0 %, Ge y mepcTi Ha 35,6 %, Mn y m'a3ax Ha 43,1 %, Cu B neuiHui Ha 45,2 %, Co y mepcTi Ha 24,3 %.
3MiHU BMiCTy BKazaHUX MiKpoesieMeHTiB 06y BUpakeHi 6i1b1100 MipOIo Y HOCIIIKyBaHUX TKAHUHAX OpPTraHi3my

KPOJIiB 33 3aCTOCYBaHHS HAHOCTIOJIYK CeJIeHy 1 FepMaHilo UTPATiB.

2. The dissertation is devoted to the study of biochemical indicators of rabbit blood after weaning under conditions
of varying levels of heat stress and the use of Zn, Ge, and Se nanocitrates to mitigate its negative effects. The first
chapter, «Literature Review», provides a thorough analysis of domestic and foreign scientific literature in the field
of research, in particular, it reveals the biological characteristics of rabbits and the impact of heat stress on their
changes, and shows the physiological significance of zinc, selenium, and germanium in rabbit nutrition, and the
application of nanotechnology methods in animal husbandry. The second chapter, «Conditions, Materials, and
Research Methods», reveals the specifics of conducting experiments, describes the physical characteristics of Zn,
Ge, and Se nanoparticles, the scheme and basic research methods used to accomplish the tasks set in the
dissertation. The third section, «Results of our own research», analyzes the effect of Zn, Ge, and Se citrate
nanoparticles on morphological and biochemical blood parameters under normal conditions and under moderate
(27.8-28.9 °C) and severe (28.9-30 °C) heat stress. The use of zinc (12 mg/kg body weight), selenium (60 pg/kg
body weight), and germanium (12.5 ug/kg body weight) citrate nanoparticles in the diet of rabbits after weaning
had a positive effect on the oxygen transport function of blood under conditions of moderate and severe heat



stress, with an increase in the number of erythrocytes (p<0.05-0.01), hemoglobin content (p<0.05-0.001),
hematocrit (p<0.05 - 0.01) and a decrease in the number of leukocytes (p<0.05) on days 14 and 29 of the
experiment, which was more pronounced in animals that were given zinc and selenium citrate. Feeding rabbits
with nano-compounds of microelements leads to the strengthening of the body's adaptive processes under
conditions of moderate and severe heat stress. In particular, under the influence of zinc citrate in the blood, a
lower creatinine content (7.3 and 7.5 %), a decrease in AST activity (16.9 and 35.0 %), ALT (12.4 and 23.5 %), and
lower cholesterol (22.2 and 27.3 %). Selenium citrate contributed to a decrease in creatinine levels (7.3 and 7.5 %), a
decrease in ACT activity (13.0 and 15.2 %) and ALT activity (10.5 and 18.5 %), lower cholesterol levels (16.6 and 17.8
%) and urea levels (19.9 and 17.7 %), germanium citrate resulted in a decrease in urea content (19.9 and 20.3 %) on
days 14 and 29 of the experiment. Under conditions of moderate heat stress, the administration of micronutrient
nanoparticles had a pronounced antioxidant effect on the rabbits' bodies, in particular: zinc citrate, lower levels of
LHP (p<0.001) and TBA-active products (p<0.001) were observed on day 14 of the study, and higher superoxide
dismutase activity (p<0.01) was observed on day 29; zinc and selenium citrates caused an increase in catalase
activity (p<0.01; p<0.05) and GSH content (p<0.01; p<0.001) on days 14 and 29 of the study. The use of zinc and
selenium citrate nanoparticles under conditions of severe heat stress contributed to the activation of the
antioxidant defense system, which led to a decrease in the intensity of lipid peroxidation processes and an
increase in the activity of key antioxidant enzymes, in particular a decrease in LHP content (p<0.001) on days 14
and 29, an increase in superoxide dismutase (p<0.01) and catalase (p<0.05) activity on day 29. At the same time, an
increase in the content of GSH (p<0.001) on days 14 and 29 and an increase in glutathione peroxidase activity
(p<0.01) were recorded after drinking selenium citrate on days 14 and 29 of the experiment. The use of zinc,
selenium, and germanium citrate nanoparticles under conditions of moderate and severe heat stress significantly
modifies lipid metabolism in rabbit blood, but the nature and severity of the changes depended on the element and
the intensity of the stress factor. Zinc citrate reduced cholesterol levels (21.1 and 13.5 %) and increased
phospholipid content (16.9 and 8.3 %) on days 14 and 29 of the study, respectively. Selenium citrate has a
pronounced hypocholesterolemic effect with a simultaneous increase in phospholipid content (23.3 and 26.3 %) on
days 14 and 29 of the experiment. Germanium citrate reduced cholesterol content (8.4 and 23.4 %) and increased
phospholipid content (14.2 and 10.7 %) on days 14 and 29 of the study. Feeding rabbits zinc citrate for 29 days
resulted in higher levels of Zn in liver, kidney, and wool tissues by 27.9, 26.7, and 26.4 %, respectively, Se in the liver
by 24.0 %, Ge in wool by 35.6 %, Mn in muscles by 43.1 %, Cu in the liver by 45.2 %, and Co in wool by 24.3 %.
Changes in the content of these trace elements were more pronounced in the studied tissues of rabbits when
nano-compounds of selenium and germanium citrat
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