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Pedepar:

1. HaykoBy po60Ty IPUCBSYEHO AOCIIIPKEHHIO POJIi LMHKY Y HiITPUMaHHI TUPEOiJHOTO CTaTyCy, ByIJIEBOJHOrO i
JIiNiAHOTO rOMEOCTa3y Ta 3MiH 3a yMOB IedinuTy MiKpoeJeMeHTa Ha TJli HOJHOI HeJOCTAaTHOCTI,
BHICOKOBYTJIEBOJHOTO i BUCOKOKMPOBOT'O BUTOIOBYBaHHS. EKCIIEPMMEHT MPOBOAMIIN HA IypaX-CaMIISIX, SIKMX
YTPUMYBaJIM Ha CTaHAPTHIN (KOHTPOJIb), UMHKAEDIUUTHIN, HonnediluTHii, BUCOKOBYIJIEBOIHIN Ta
BHCOKOXXMPOBIi1 fieTax (110 12 TBapyH y KOXKHIl TPyIIi) IPOTAroM 8 TWXKHIB. Y 2-11 rpymi BiAMiY€HO 3HMKEHHS IUHKY
B CUPOBaTLi KpoBi Ha 24,78 %, y xkupi — Ha 18,37 % (p<0,05), 3i 36inblIeHHSM Y M'13ax Ha 36,84 % (p<0,01).
Noponedinur i rinepkanopiiini gieTu TaKoX 3HWKyBaJIM PiBEHb UHKY y KPOBi. BMiCT TMpEOinHMX rOpMOHiB
3MEHIIYBaBCs Ha TJIi AediuuTy UMHKY Ta Hony: BT4 - Ha 55,78 %, BT3 - Ha 25,39 %, TTI 3pocTaB y 4,22 pasa
(p<0,05), npu 36inbmenHi cniBBigHomeHs TTT /BT4 Ta BT3 /BT4. 3a yMOB UMHKAEDILUTY CIIOCTEPIraay YUCIEHHi



MIXK(OJIKYJISIPHI OCTpiBLi y IUTONOAIOHIN 3a7103i; Ipu HogonediluTi — CIUIOIEHHS €IiTeIi0; IPY BUCOKOXKUPOBIN
nieti — ¢pibpoTusauito. Je@inuT LUHKY CYIIPOBOIKYBAaBCSI PO3BUTKOM iHCYIiHOpe3ucTeHTHOCTI (iHmekc HOMA-IR
3pic Ha 59,75 %, p<0,01), nifBUlLIEHHSIM I71I0KO3U Y 2,12 pa3a, 3MeHLIeHHsIM iHCy liny Ha 21,49 % i 36iyblIeHHSIM
HbAlc Ha 33,24 % (p<0,05). BusiBnieHo 3Hauy1i Kopessuii Mibk BMICTOM LIMHKY y cupoBarii i ingekcom HOMA-IR
(r=-0,61), incyzninom (r=0,69), rmoko3omw (r=0,49). Y 2-i1 rpymni Binmiveno 3pocranus 3XC Ha 46,05 %, TT' - Ha 47,62
%, XC JITTHIL - y 2,82 pa3a, 3meHmenHs XC JITIBII Ha 58,72 %, KA 3pic y 8,26 pasa. [Toni6Hi 3MiHu 3adikcoBaHi i1 y
3-5-11 rpynax. BctaHOBIEHO 3BOPOTHUI 3B'5130K KA i3 BMiCcTOM LIMHKY B KpoBi (r=-0,71) i >kupi (r=-0,70).
LnHKAEeIiuUT CrpusB OKCUIATUBHOMY CTpecCy: y 2-1 rpymi npogyktu OMDB nepesuilyBaiyn KOHTPOJIb Y KPOBi Ha
65,60 %, y M's13ax - y 3 pasy, y xupi - y 2,2 paza (p<0,05). HaiiBuma inteHcusHicTs [10J] y M's13ax BUSIBJIEHA Ha TJIi
BHCOKOXUPOBOI aietu (p5-1<0,01). [Tpogyktu K i TBK-AIT y 2-i1 rpy1i 3pocTtanu B KpoBi Ha 63,33 i 28,74 %, y m's13ax
- Ha 88,891 45,28 %, y xupi - y 2,33 paza i Ha 51,85 % BinnosigHo (p<0,05). KoHLeHTpallis UMHKY KOpesioBaa 3
piBHem npoaykris I[10J1I y BCix TKaHMHAaX. Y CHUpOBaTLi KPOBi TBAPUH 3 LIMHKIE(iLIUTOM BUSBIEHO 3HMKEHHS
akruHocTi COJI Ha 34,69 %, I'P — Ha 78,57 %, npu akTuBaljii Katanasu - y 2,64 pasa, ['TIP - Ha 50 %, 3pocTaHHi
BmicTy LIIT - Ha 53,60 % Ta HT3 - Ha 19,05 % (p<0,05). Kopenauiiinuit aHasi3 migTBepAUB y4acTb LIUHKY y IIPO- i
AHTUOKCUJAHTHIN peryssyii. Po3BuBaniack eHOoTeNianbHa JUCPYHKLIS: y 2-1 TPyl 3MeHIeHHs BMicTy NO2- Ha
44,60 %, axtuBauis iNOS y kpoBsi - Ha 33,70 %, y M'a3ax — Ha 37,50 %, y sxupi - Ha 23,71 % (p<0,01). HaiiBumy
akTuBHicTb iINOS BCTaHOBJIEHO Ha TJli BUCOKO>XKUPOBOI fieTy. BmicTt NO2- 6yB 3Hmw>keHuM Ha 30,16-40,54 % y Bcix
nier-rpynax. AKTuBHicTb iNOS Ta NO2- TiCHO KOpeJoBaju 3 BMiCTOM LIMHKY. MiKpOCKOIiUHiI 3MiHM M'SI3iB i
BiCLIepaJIbHOTO XUPY BKJIIOYAIN JUCTPOdivyHi i BACKYJISIpHI OpYyIeHHs, (pi6po3, BaKkyoJisalliio, C1apK, HAOpSK i
cras. Hait6inbii ymKkompKkeHHs 3adikCoOBaHO 32 YMOB BUCOKOXKUPOBOI Ta HMHKePIuTHOI AieT. Takum YMHOM,
IediuuT LMHKY 3HaYHO MifBUILy€E PU3UK TilOTUPEO3y, iHCYIiHOPE3UCTEHTHOCTI, AUCiNigeMii Ta eHoTesianbHOl
nucdyHKLii. Briepiie mokazaHo CTPyKTYPHO-MeTaboIiyHi IopyIeHHs y IUTONOAI6HIl 3a7103i, M'a3aX i Xupi,
3yMOBJIEHI 1edilTOM UHKY. YCTaHOBJIEHO XapaKTep KOpeJsLiil MK BMICTOM MiKpoesieMeHTa i maToreHe3om
MeTaboJliYHMX po3afis. OTpUMaHi pe3ysbTaTy PO3IMPIOIOTh YSIBJAEHHS [IPO POJib LIMHKY B [1aTOreHe3i KoMopo6iaHoi
natoJiorii. Kimouosi cyoBa: nuHkaepinut, nogonediuut, rinoTupeos, LyKpoBUH [iabeT, iHCYJIIHOPEe3UCTEHTHICTS,
O>KMPiHHS, MeTabOoJIIUHNI CUHAPOM, OKMCHA Monudikaris 6iKiB, mepekrucHe OKMCHEHHS JiMifiB, aHTUOKCHUIAaHTHA
CHCTeMa, OKCUJIaTUBHO-HITPaTUBHUI CTpec, eHoTeianbHa NUCHYHKIIiSL, CKeJIeTHI M 131, BicLiepasbHUl XXUP,

CTPYKTYPHI 3MiHH.

2. This scientific study investigates the role of zinc in maintaining thyroid function, carbohydrate and lipid
homeostasis, and their alterations under zinc deficiency combined with iodine deprivation, high-carbohydrate,
and high-fat feeding. The experiment was conducted on adult male rats assigned to five groups (n=12 each):
control (standard diet), zinc-deficient, iodine-deficient, high-carbohydrate, and high-fat diet for 8 weeks. In the
zinc-deficient group, serum zinc levels decreased by 24.78%, and visceral fat by 18.37% (p<0.05), while muscle zinc
increased by 36.84% (p<0.01). Zinc content also declined under iodine deficiency and hypercaloric diets. Thyroid
hormone levels decreased significantly under zinc and iodine deficiency: T4 by 55.78%, fT3 by 25.39%, while TSH
increased 4.22-fold (p<0.05), with increased TSH /fT4 and T3 /fT4 ratios. Histologically, zinc deficiency caused
multifocal interfollicular cell clusters in the thyroid; iodine deprivation led to epithelial flattening; and high-fat
diets induced fibrosis. Zinc deficiency was associated with insulin resistance (HOMA-IR increased by 59.75%,
p<0.01), hyperglycemia (2.12-fold), decreased insulin (21.49%), and elevated HbAlc (33.24%) compared to controls.
Significant correlations were found between serum zinc and HOMA-IR (r=-0.61), insulin (r=0.69), glucose (r=0.49).
Zinc-deficient rats showed hyperlipidemia: increased total cholesterol (TC) by 46.05%, triglycerides by 47.62%,
LDL-C by 2.82-fold, and decreased HDL-C by 58.72%. The atherogenic index rose 8.26-fold. Similar patterns were
observed in other experimental groups. Zinc content negatively correlated with atherogenic index in serum (r=-
0.71) and fat tissue (r=-0.70). Zinc deficiency promoted oxidative stress: protein oxidation markers (AOPPs)
increased by 65.60% in serum, 3-fold in muscles, and 2.2-fold in fat (p<0.05). The highest intensity of lipid
peroxidation was observed in muscles under high-fat feeding (p<0.01). Diene conjugates (DC) and TBARS increased
in the zinc-deficient group by 63.33% and 28.74% in serum, 88.89% and 45.28% in muscles, and 2.33-fold and
51.85% in fat, respectively. Zinc levels correlated with lipid peroxidation products in all tissues. In the serum of



zinc-deficient rats, SOD activity decreased by 34.69%, GR by 78.57%, while catalase activity increased 2.64-fold,
GPx by 50%, ceruloplasmin by 53.60%, and transferrin saturation by 19.05% (p<0.05). Zinc content correlated
positively with SOD and GR (r=0.79, r=0.48), and negatively with GPx, catalase, ceruloplasmin, and transferrin
saturation (r=-0.52 to -0.69). Endothelial dysfunction was observed: nitrite levels decreased by 44.60%, iNOS
activity increased by 33.70% in serum, 37.50% in muscles, and 23.71% in fat (p<0.01). The highest iNOS activity in
serum occurred under a high-fat diet (2.02-fold increase, p<0.001). Nitrite content was reduced by 30.16-40.54% in
iodine-deficient, high-carb, and high-fat groups. iNOS and nitrite levels were tightly correlated with zinc content
in all tissues. Histological changes in muscles and fat included stromal dystrophy, myofiber and adipocyte
alterations, and vascular impairments. Zinc and high-fat diets induced fibrosis and disrupted muscle architecture.
lIodine deficiency led to sarcoplasmic vacuolization and myofibrillar disarray. Adipose tissue showed stromal
swelling, fibroblast proliferation, and vascular stasis under all hypercaloric diets. In conclusion, zinc deficiency
significantly increases the risk of hypothyroidism, insulin resistance, dyslipidemia, and endothelial dysfunction.
This study first reveals structural and metabolic alterations in the thyroid, skeletal muscle, and visceral fat under
zinc deficiency combined with various dietary models. Identified correlations highlight zinc’s essential role in
regulating metabolic disorders, supporting the theory of its contribution to comorbidity risk. Key words: zinc
deficiency, iodine deficiency, hypothyroidism, diabetes mellitus, insulin resistance, obesity, metabolic syndrome,
oxidative modification of proteins, lipid peroxidation, antioxidant system, oxidative-nitrative stress, endothelial
dysfunction, skeletal muscles, visceral fat, structural changes.
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