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PO3BUTOK OPTAHI3MY KPOJIIB 3A BUIIOIOBAHHAA
CYJIb®YPY HUTPATY TA CYJIIbB®ATY HATPIIO

BuxopuctanHs TiOpUIiB KPOJIB Yy MPOMUCIOBOMY KPONIBHHUIITBI, BUMarae MOBHOIIIHHOTO
30aJIaHCOBAaHOT'O 3a yCiMa KOMIIOHEHTaMH pailioHy >xuBlieHHs. OcoOnuBa yBara MpUIiIsSe€ThCs
01010CTYITHOCT] OpPTaHiYHUX Ta HEOPraHIYHHUX CKJIJHUKIB PallioHy KpOJiB, OCKIJIBKH 3aCBOIO-
BaHICTh MOXXMBHUX PEYOBUH B OPTaHi3Mi KPOJIiB € HU3bKOIO. TOMY METOIO HAIIOro JOCIiHKEHHS
Oymo 3’sicyBaTH BILTUB BHUITOOBaHHSA 3 60 10 118 mo0u XuTTA cynbdypy IUTpaTy, BATOTOBICHOTO
METOIOM HaHOTEXHOJOTI{ Ta cyiIbp(aTy HATPil0 HA PO3BUTOK OpraHi3My KpodiiB. JlocmimkeHHS
MIPOBEJICH] Y TPOMHUCIIOBUX YMOBAX, JIe 32 METOIB TPYIT aHAIOTiB Oy0 c(hOpMOBAHO MIICTh TPy
KpOJIiB: KOHTPOJIbHA IPyIa 3roJ0BYBaIM BBOJIIO MIOBHOPAIIOHHUH TPaHy/IbOBAaHUH KOMOIKOPM 3
BIIBHUM AocTynoM a0 Boau. TBapunam nepoi (1), apyroi (II), tpersoi (III) i uerBeproi (IV)
JIOCHITHUX TPYI 3TOJIOBYBAJIM KOPMHU PallioHy KOHTPOJIBHOI IPYIH 1 BIPOJOBXK 100K BUIIOIOBAJIH
cynb(ypy HUTpaT 3 po3paxyHKy BinmoBinHo 2; 4; 8 i 12 mr S/kr Macu Tina. MONOTHSIKY 1’ ATOT
(V) mocnigHOo1 rpynH 3rof0BYBaIM KOPMH PaioHy KOHTPOIBHOI TPYTIU 1 3 BOAOIO 3a/1aBaJIU Cyilb-
¢ar narpiro (Na2SO4) B kinskocti 40 mr S/kr macu tina. Jlocmia TpusaB 68 mi0, B TOMY 4HCITI
nigrorosunii mepiox 10 ni6, gocimuuii — 58 ni6. Ha 118 no0y KUTTs TBapHH MijIaBajia cBTaHa-
3ii, BigOMpalli YaCTUHH OpraHi3My, MiciIsl 4Oro X 3Ba)KyBalM iX BUPAaXOBYBaJM CEpENHI CTaTHC-
TUYHI pe3yJbTaTH Y MOPIBHSIHHI 10 KOHTPOIO. BeTaHOBIEHO BUIYy Macy MIKYpKH, KUIICYHUKY
3 BMICTUMHM, TOJIOBH, JICTEHb Ta TIEYIHKH KPOJIB, SKi CTIOKUBAIH CYIb(ypy MUTPAT y KUTBKOCTI
4 1 8 mr S/kr Macu Tina. 3acTocyBaHHS Cynb(hary HaTpito 3 po3paxyHKy 40 mr S/Kr Macu Tina He
BiI3HAYMIIOCS CYTTEBUM BIUIMBOM Ha JOCIIPKyBaHi MOKa3HUKU IHTEHCUBHOCTI POCTY OpTraHi3My
KpOJIiB, 32 BUHATKOM MacH IIKYpPKH.

Karouosi cioBa: kpouni, cynbdypy nutpar, cyibdar HaTpito, BHYTPIIIHI OpraHu, TOBIIUHA
LIKYPKH, KOE(DII[IEHTH MacH.

BCTYII

Pe3ynpraToM reHeTHYHOI CelNeKIii y CydacHOMY ITPOMHUCIIOBOMY KPOJIIBHUIITBI € OTPUMAaHHS
MOJIOJHSIKY KPOJIB, SIKMH XapaKTepU3YeThCs IHTCHCUBHHMH IOKAa3HHUKAMH POCTY W PO3BHUTKY
opraHiamy [3]. Sk HaciiOK BOTO MpOIEcy BiOOPY, IPOMHCIOBE KPONIBHUITBO Iependadae
BUPOIIYBaHHSI BUCOKOIPOAYKTHBHHUX KPOIIB, SIKI XapaKTepU3YIOTbCS BHCOKHMH IOKa3HUKaAMHU
PO3BUTKY OpraHi3My 3a YMOBH 30ajlaHCOBAHOTO JKMBIICHHS, y TOMY 4YHCIi i 3a0e3nedeHHs
MiHepanbHuMH pedoBrHamH [11] [lorpebu mBHAKOPOCTYYHX KpOIiB y OUIKYy pawioHy, a came
B aMIHOKHCIIOTaX, Y TOMY YHCIi i Cyab(ypBMICHUX, MOXKYTb BIAPI3HATHUCS BiJ] TOTPed TBapHH 3
HU3BKHMHU TEMIIAaMH POCTy. 3a0e3MeueHiCTh palioHy 3 JOCTaTHIM 0aJlaHCOM OCHOBHHMX HOXKHB-
HHUX PEYOBHH, MOXKE TAaKOXK IO3UTHUBHO BILUIMHYTH Ha 310poB’s TBapuH. [7]. HeoOxinHo 3a3Ha-
YHTH, 10 PAIiOH KPOJIIB 32 BMICTOM MiHEpaJbHUX PEUOBHH, MOKe OyTH 3a0e3redeHnid, oJHaK
HEOOXITHO BpaxoByBaTu ix OiomocTymHicTh. OCKUIBKH BiIOMO, IO 3aCBOIOBAHICTh ITOXXUBHUX
PEUYOBHH y TPaBHOMY KaHaJi KpOJIiB € Ay)Ke HU3bKO. TOMY BasKJIMBO JOCIIIXKYBaTH KOMIOHEHTH
pauioHy I KpOJIiB, sIKi XapaKTepHU3yIOThCS BHCOKOIO OiogocTymHicTio [6]. HoBiTHIM MeTonom
OTpHUMaHHS 010JOCTYIHUX MOXXUBHUX PEUOBHH € 3aCTOCYBaHHS HAHOTEXHOJIOTI, SIka Ma€ BEJIU-
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Ye3HUI MOTEHIIiaM st TNI00ATBHOT PEBOIIOIIT B CLITFCHKOMY TOCTIONAPCTBI Ta TBapUHHUITBI [ 10].
CuHTe3 HAaHOYACTHHOK 3 BiTHOBHHUKAMH IPHU3BOTUTH JO 3MIiHH (Di3MKO-XIMI9HHX XapaKTepHUC-
THK JOCTIKYBaHUX eleMeHTIB [4]. 3apa3 HAHOYACTHHKH IIUPOKO BUKOPHCTOBYIOTHCS B PI3HUX
ray3sx, y Xap4yBaHHI, Tepallii, HiJbOBil TOCTABII JiKiB, MiATOTOBII BaKIMH TOIIO. Y TOMIBIi
TBapyH HAHOTEXHOJIOTii B OCHOBHOMY BHKOPHCTOBYIOTHCS UISi MPUTOTYBaHHS HaHOMiHEpalliB,
0COOJIIBO MaKpO- Ta MIKPOEIEMEHTIB, Oi10MOCTYIHICTh KX HHU3bKA [14]. ocmimkeHHs moKa-
3aJIM, 10 TOJyBaHHS HAHOYACTHHKAMH MOKpAIye e(peKTUBHICTh TPABICHHS, IMyHITET 1 IPOAYK-
TUBHICTH XynoOu Ta mrruti [ 12]. 3Baxkaroun Ha CKa3aHe BUIIIE METOIO JAHOTO €KCIIEPHUMEHTY OyIto
3’sICyBaTH BILUTUB BHTIOOBAaHHA 3 60 10 118 n1o0H XUTTS Cyab(pypy IIUTPATy, BATOTOBIEHOTO METO-
JIOM HaHOTEXHOJIOTII Ta Cylb(ary HaTpil0 Ha PO3BUTOK OPTaHi3My KpOJIiB.

MATEPIAJIA i METOIH

JocnimKeHHs TPOBOAWIM HA MOJONHSAKY KponiB mopomud Hyla y T30B «lopmums», c.
Hob6pstau Toponorskoro paiiony JIeBiBCBKOi 00MacTi, MOMUICHUK HA HICTH TPyN (KOHTPOIBHY
1 I’ SITh TOCHITHUX ), TI0 6 TBAPHH Yy KOXHIiH, MiAiOpaHuX 3a MPHUHITUIIOM aHaJoTiB y Biri 50 mib.
KpossiM KOHTPOIBHOT IpyNu 3ro0BYBaJIM BBOJIO NOBHOPAIIOHHNH I'PaHyIbOBAHMHA KOMOIKOPM
3 BUTBHAM AoctyrnoM 1o Boxu. TBapuram nepmoi (1), apyroi (II), Tpersoi (II1) i werBeproi (IV)
JOCIIJHAX TPYH 3T0JI0BYBAJIN KOPMH PallioHy KOHTPOJIBHOI TPYTIH 1 BIPOJOBX 100 BUIIOIOBAIIH
cynb(ypy OHUTPAT 3 Po3paxyHKy BigmoBigHo 2; 4; 8 i 12 mr S/kr macu Tina. Po3unn cynedypy
mutpaty (1,0 r/am3, pH 1,38) orpumano Big T30B «Haromarepiamu i HaHOTeXHOMOTIi», M. KuiB
[2]. Monomusky i’ stoi (V) ZOCHiTHOI TPpyTIH 3r0J0BYBaIH KOPMH PalioHy KOHTPOJIBEHOI TPYIH 1 3
BOIIOFO 3a7aBaiu cynbdar Harpito (Na,SO,) B kimpkocTi 40 Mr S/kr Macu Tina. Jlocmix TpuBaB 68
ni6, B ToMy umcii miaroroBunii nmepiox 10 mi6, mocmigamii — 58 ni6. Ha 118 moOy ®utTs TBapuH
i 1aBaia eBTaHa3ii, BiZOMpaIn 9acTHHH OPTraHi3My, IICIIA 9OTO iX 3BayKyBaJH iX BHPaXOBYBaJIH
CepeHi CTAaTUCTHYHI Pe3yNIbTaTH Y MOPIBHAHHI 10 KOHTPOIO. MeToAuKH BigOOpy JOCIiTHOTO
Marepiany Ta 4acTWH OpraHi3My ommcaHi y moBimHuKky [1]. Yci maHimymamii 3 TBapuHAME TIPO-
BOJIWIIM BIATIOBITHO O €BpOMEcbK0i KOHBEHIIIT PO 3aXUCT XpeOETHIX TBAPHH, SIKi BUKOPHUCTO-
BYIOTBCS JIJIS €KCIICPUMEHTANBHIX 1 HaykoBuX 1utel [9]. Lludposi maHi onparsoByBain CTaTuc-
THYHO 3 BUKOPHCTaHHAM t KpuTepito CThIOAEHTA.

PE3VYJIBbBTATH JOCIIIKEHHA TA OBI'OBOPEHHAA

st 3°sicyBaHHS BIUIMBY 3aCTOCOBAHMX KUTBKOCTEH Ta CIONYK CyIb(ypy Ha pO3BHTOK OKpe-
MUX YaCTHUH OPTaHi3My KpOJIiB, BH3HAYAIH IXHIO CEPEIHIO Macy B rpyii (Tadm. 1). AHani3 oTpuMa-
HUX Pe3yJIbTaTiB NOKa3aB HAHOIIbIIe BipOTITHUX PI3HUIF CTOCOBHO KOHTPOJIO 32 MIOKa3HUKAMHA
MacH MIKYpKH KpomiB. Tak, Maca cupoi mkypku kpomnis I, II, III, IV i V mocnigaux rpym Oyma
BimmoBigHO BUmoo Ha 12,4; 19,5; 14,9; 12,01 9,4 % (P<0,05 — 0,001) mopiBHSIHO 3 KOHTPOJIEM.
Cynedyp BXOANUTH 10 CKIIAAy HE3aMiHHUX aMIHOKHCIIOT, SIKi BUKOPHUCTOBYIOTBCS JJISl YTBOPEHHS
MpOTeiHy AJs KIITHH, TKAHUH, TOPMOHIB, €H3UMIB Ta aHTUTUL. Hammmu nocnmimkeHHSIMA Bif-
3Ha4YeHO BaxkimBHH BIUHB Cynb(ypy Ha MeTa0O0Ni3M TKaHWH MIKipH KPOJIB, IO MiATBEPIKEHO
iHImMMu aBTopamu [8].

Maca nnIyHKy pa3oM 3 KAIIEYHHKOM Ta BMicTumuM y TBapuH I, 1L, 1T i IV mocmigaux rpyn
Oyxa BimmoBinHO BHmIoK0 Ha 15,8; 16,6; 17,1 1 14,3 % (P<0,05 — 0,001), 3a Ternenmii 1o 30i16-
meHHst Ha 2,1 % mporo mokasHUKa y V Ipymi HOPIBHSAHO 3 KOHTpoJIeM. Byl nmokasHHKH MacH
TPaBHOTO KaHAITy KPOJIB 32 CHOXHBAaHHS CylIbQypy IUTpaTy, MOKYTh CBITUUTH MpPO OLIBIIY
KIUJIBKICTh CIIO)KUTOTO KOPMY, aKTUBHY HOTO CEKpPETOPHY BIIACTUBICTH Yy Pe3yJbTaTi 4OTro 3acBO-
IOBaHICTh MOXWBHUX PEUOBHH 30unblryBanacs. Lle miaTBepIKyIOTh pe3yabTaTH €KCIEPUMEHTY
3a J0faBaHHs HAHO CENIEHY y PalioHi MOJOAHSAKY KpoiiB [13].
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Maca okpeMHuX YacTHH OpTraHi3My TBapWHH BigNoBigae (iziolorivHAM KoedillieHTaM Macu
TBapHHU 1 BKa3ye Mpo iX (i3i0oJoTiyHUI pO3BUTOK Ta iIHTEHCHBHICTH POCTY. Tak, ToioBa KpoiB
YCIiX JOCTITHUX TPYI CTOCOBHO KOHTPONIO XapaKTepu3yBajacs OUTBIIO Macol, OJHAK Bipo-
rigai pizanni Oymu y 11 1 11 qocnmiganx rpymax. Y KpoliB MOPIBHSHO 3 IHIIMMH CLIBCBKOTOC-
MOJAPCHKUME TBApUHAMHU Maca JIETCHb B OPraHi3Mi € HalMEHIIO, X049a (YHKIIOHAJTHbHO BOHH
BHUKOHYIOTH BaXKJIHBE (hiziooridHe 3Ha4eHHS. ToMy 0COOIMBOIO BUMOTOIO 10 YTPUMAaHHS KPOJIiB
€ 9HCTe MOBITPA Y puMimeHHXx. OTpuMaHi pe3yJabTaTy BipOTiJHO BUIIOI MaCH JICTEHb Y TBAPHH
IL III i IV mocnignux rpyn BianosigHo Ha 16,15 15,0 1 10,0 % mopiBHSIHO 3 KOHTPOJIEM, MOXYTh
BKa3yBaTH 3a MMO3WTHBHHI BIUIMB 3aCTOCOBAHHX KUIBKOCTEH Cylb(Qypy LHUTpaTy Ha PO3BHTOK
OpraHi3My Ta pecHipaTOpHOi CHCTEMH KpOIIiB, IO Oepe y4acTh y ra3o00MiHi i CBIIUUTH IPO
aKTUBAIf0 0OMiHY PEYOBHH OPTaHi3My BIILJIOMY.

Maca napeHXiMaTO3HHX BHYTPIIIHIX OpPraHiB KPOIIB CYTTEBO HE BiApi3HsAIACS MOPIBHIHO
3 KOHTpoJeM, 3a BUHITKOM HHPOK Yy II rpymi (P<0,05) ta mewinku y tBapuH II i III gocmimaux
rpyn (P<0,01).

Tadnauus 1. Maca yacTHH OprafisMy KpoJiiB 3a BUIIOIOBaHHSA cyab(ypy nuTpary
Ta cyabdary Hatpito, r (M+m, n=6)

YacTunu I'pyna
Tina Kontpoas | J—1 11 11— 111 -1V o-V
levoxa 400,4 + 450,1+ | 4767+ | 4602+ | 4485+ | 4382+
My 10,08 8,50%* 3,62%%% | 6 [Q*** 6,18%%* 9,44%
)
/6 10 100 12,4 119,5 114,9 112,0 109.4
KOHTPOJTIO
Kﬂg{?&ls 539.6+ | 5752+ | 6387+ | 6239+ | 6104+ | 5514+
: 15,41 5,88% 6,63%%% | 17.14%% | 1439%* 8,40
BMICTUMUM
0
/o 110 100 106, 1183 115.6 1131 102,1
KOHTPOJIIO
o 171,0 + 176,5 + 187,5 + 190,1 + 178,0 + 171,6 +
onosa 5,02 426 2,14% 3,08%* 3,17 3,70
0
/o 10 100 103,2 109,6 11,1 104,0 100,3
KOHTPOJIIO
Jlereni i 18,0 18,6 + 20,9 + 20,7 + 19,8 + 16,7 +
Tpaxest 0,34 1,18 0,83%* 0,97* 0,64* 0,87
0
/0 110 100 103,3 116,1 115,0 110,0 92,7
KOHTpOJHO
Contie 78+ 8.4+ 8.9+ 8.9+ 8.8 + 8,0 =
pH 0,16 0,62 0,78 0,46 0,70 0,42
0
%6 1o 100 107.6 114,1 114,1 112,8 102.5
KOHTPOJTIO
H 19,0 + 20,5+ 213+ 203 + 19.8 + 19,4 +
HpKH 0,45 0,58 0,64* 0,78 0,59 0,42
)
o 210 100 107.8 12,1 106,8 104,2 102,1
KOHTPOJIIO
Conesing 1.5+ 1,6+ 1,7+ 1,6+ 1,6+ 1,6+
clresinka 0,09 0,06 0,20 0,12 0,13 0,07
)
/6 110 100 106,6 113,3 106,7 1063 106,7
KOHTPOJIIO
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IIponoBxenns Tadauui 1

Heuinga 84,2 + 88,2 + 95,0 + 953 + 86,1 + 85,7 +
2,32 1,20 1,02%* 1,46%* 2,73 1,18
o,
/o 1O 100 104,7 112,8 113,1 102,2 101,7
KOHTPOJTIO

Ipumimka: Y 1iil Ta HACTYTHUX TAONHULSAX CTATUCTUYHO BIPOTiNHI Pi3HHUII BPaxOBYBAJIM MOPIBHSHO
3 KOHTPOJIbHOO Tpymoto: * — P<0,05; ** — P<0,01; *** — P<0,001.

OTxe, pe3ylbTaTH JOCTIKEHHS Macl YacTHH Tijla KPOJIiB BKA3yIOTh Ha IEMOHYI0UY (i3ioo-
riuny ¢yukuito Cynsdpypy, 0coOIHBO HOr0 OpraHigHOI CIIOIYKH — CYIb(ypy LIUTPaTy HA aKTH-
BaIlif0 MeTa0OIi3My B OpraHi3Mi MONOTHAKY KpodiB. Lle y Giibmii Mipi mo3HaImIocs BiporigHO
BUIMMH TIOKa3HHUKaMH Macd IIKypKH, TOJOBH, TPAaBHOTO KaHAILy, JIETCHb Ta MEYiHKH KPOJIIB 3a
JIOAATKOBOTO BHITOIOBAHHSA CYAb(PYpPy IUTPATy 3 po3paxyHKy 4 i § mMr S/kr macu Tija Ta HE3Ha-
YHUMH 3MiHAMHA BUKOPHUCTaHHA CYNIb(}aT HATPil0 Y IXHPOMY parioHi.

[linTBepIKEHHSAM MO3UTHBHUX 3MiH MAacH OKPEMHX OpraHiB OpraHi3My KpOIIiB 3a BHIIOIO-
BaHHS CIIONYK CyNb(ypy € BiICOTKOBE IX BUPaKEHHS 10 MacH Tina (Tadi. 2).

Taonuus 2. KoedinieHTH Macu YacTHH OpraHizMy KpoJiB 10 MacH Tija 3a BUNOIOBAHHSA
cyJab(pypy uuTpaty Ta cyasdary Hatpiio, % (M+m, n=6)

YacTuHu I'pyna
opramizmy K A-1 | A-0 | A-I0 | A-1IV | A-V
hypea 108+ | 115+ | 118+ | 117+ | 115+ | 118<
002 | 011% | 0,04%kx | 003%kF | 0120 | 039
, Ifg;ﬁf{‘;}( 146+ | 147+ | 161+ | 159+ | 157+ | 147+
! 0.09 006 | 006%* | 032%% | 021%* | 0,06
3 BMICTUMUM
onom 464t | 454+ | 475+ | 487+ | 460+ | 462+
0,04 0.07 003 | 001%* | 004 0,04
foremifimpaxen | 048% | 047E | 053k | 052% | 050% | 044z
0,09 0,03 0,02 0,02 0,01 0,02
Coptc 020= | 020+ | 022+ | 022+ | 022+ | o021=
0,08 0,01 0,02 0,01 0,02 0,01
— 051+ | 052+ | 052+ | 051« | 050+ | 052+
0.01 0,01 0,08 0.01 0,01 0.01
Conosima | 0034% | 0035% | 0036+ | 0035+ | 0035+ | 0038+
0,002 0,002 0,004 0,003 0,003 0,003
Hexina 228+ | 238+ | 240+ | 244+ | 234+ | 231+
0.11 0,10 0,02 0,02 0,10 0,02

Tpumimxa: xoedillieHT MacH YaCTHHH OPraHi3My KpOJIiB IO MacH TiJla [ie BiJICOTKOBE BUPAKEHHS MacH
OKpPEMOTO0 OpraHy J0 MacH Tisa.

Tak, maca mkypku Osyma Bumor y tBapu [ (P<0,001), II (P<0,001), III (P<0,01),
IV (P<0,001) i V (P<0,05) mociimHuxX rpym MOpiBHAHO 10 KOHTpoto. HeoOXigHO 3a3HaumTH, 1110
BHCOKI BIPOTi/IHI Pi3HMII MIX AOCHIITHUMH Ta KOHTPOJBHOIO TPYyIO0 Oyln y TBapHH, sIKi CHO-
YKHMBAJIN Pi3HI KUTBKOCTI CyIb(Qypy IUTPaTy, a HUK4i — CyNb(ary HaTpiro. Maca TpaBHOTO KaHaITy
3 BMicTuM Oyna Buioro y kpomis 11 (P<0,001), IIT (P<0,01) ta IV (P<0,001) nocmigaux rpynax,
a Maca royioBu BiporigHo 3poctana (P<0,001) nmume y I1I rpymi crocoBHO KoHTpoo. [HI 1ocii-
JDKYBaHI OpraHM KpoJIiB BiAMOBijamy (i3ioJ0TriYHAM ITapaMeTpaM iXHBOTO BiZICOTKa B OpraHi3Mi,
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OHAK OTPHMAaHi pe3yabTaTu OylIH HEe CYyTTEBUMM, a Bif3HAUany 301TbIICHAS HA PiBHI TEHICHIIIT
TIOPIBHSHO 3 KOHTPOJIEM.

[kipa Bixirpae Ba)XJINBY POJIb Y 3aXHCTI BiT iHPEKITiH, TEpMOPETYIIALii Ta BOTHOMY OaltaHci
opraHizMy kpoiiB [5]. 3a excliepuMeHTaTbHIMH JaHUMHU HAaWO1IbIIe BipOTiMHMX 3MiH BiI3Ha-
YeHO 32 Macolo IIKYPKH KpodiB. ToMmy Gyi10 MpoBeAEHO AOCIIKEHHs TOBIIMHH IIapiB IIKYPKU
KpOJIB 3 METOI0 BCTAHOBUTH HAHOIIbIIE BUPaXEHY Jif0 3aCTOCOBAHUX CIIONYK Ta iX KITBKOC-
teit (Tabn. 3). Tak, TopmuHa emigepmicy mkypku kpomis I, IT, 1T, IV 1 V mocnigaux rpym Oyna
BiporizmHO BHUIIOK BiamoBimHo Ha 11,6; 14.,5; 13,8; 16,4 i 11,2 % mopiBHAHO 3 KOHTPOJIBHOIO
rpymnoro. ToBmmHa mepMu i miamKipHOi KIiTkoBHHA mWKypky kpomniB y I, IL, 11T 1 IV mocmimamx
Ipyn BiporizHo 3pocTana BigmoBizHO Ha 5,3; 7,8; 9,5 1 7,4 % crocoBHO KOHTpoO0. CymapHe
3HAYEHHS eMiJepMalIbHOTO Iapy Ta IePMH 3 MiAIKIPHOIO KIITKOBHHOIO KOPEITIOBAJIHN 3 IIOKa3HH-
KaMu 3araibHoi ToBIMHU mKypku kpomiB I, 1T, ITI, IV 1 V gocnigaux rpym, ski Oyau OLThIINME
Ha 5,4; 7,9; 9,6; 7,51 5,4 % 3a KOHTPOJBHY TPYILY.

Taoauns 3. ToBumHa MKipH KPoJTiB 3 JIISHKH CTerHa 3a BUINIOIOBAHHS
cyJab(Qypy HuTpaty Ta cyabdary Harpio, MM (M+m, n=4)

Mapu mkipn
I'pyna - ) Zepma i nigmKipHa 3ara.nbﬂa.T03mnHa
emizepmic . mKipn
KJIITKOBHHA
Kontpons 3,10+0,08 161,842,66 164,9+2,73

-1 3,46+0,08* 170,5+1,99* 173,94+2,06*
A-11 3,55+0,07** 174,5£2,17** 178,0+£2,13**
JI— 11T 3,53+0,08** 177,34£3,27** 180,843,24**
a-1V 3,61+0,13%* 173,843,98* 177,4+3,88**
-V 3,45+0,12%* 170,5+2,92 173,9+£2,93*

OTxe, BUIIOIOBAaHHS CYJIb(QYpYy LMTPATy BIUIMHYJIO Ha PICT 1 PO3BUTOK OpraHi3My KpOJiB
IicIIsl BiJUTy4YEHHS, 1110 O3HAYMIIOCs Ollbllle BUpa)KeHUM €(EeKTOM Ha iHTEHCHBHICTh POCTY Ta
3a0iiiHI MOKAa3HUKH OpraHi3My, BUILy Macy LIKYPKH, KUIIEYHHUKY 3 BMICTHMHM, I'OJIOBH, JIEI€Hb
Ta MeYiHKH KPOJIiB, SIKi CIOXKUBAIY CYJIbQYpY UUTPAT Yy KinbKocTi 4 1 8 Mr S/kr macu Tina. 3acto-
CyBaHHs Cynb(daTy HaTpito 3 po3paxyHKy 40 Mr S/KT MacH Tija He Bi3HAYHIIOCS CYTTEBUM BILIHU-
BOM Ha JOCIIPKYBaHi MOKa3HMKH IHTEHCHBHOCTI POCTY OpraHi3My KpOIiB, 32 BUHSITKOM MacH
LIKYpKU. Pi3HMII TOBIIMHM 1IapiB IIKYPKH YCIX JOCHIIHUX TPYIl MOPIBHSHO 3 KOHTpoOJieM Oyiu
BIPOTIZIHUMH, L0 MOXKE CBIIYMTH PO OCOOJIMBUII aKTUBYIOUHMH BIUIMB 3aCTOCOBAaHMX CIIOIYK
cynbdypy Ha nepedir 0OMiHy pEUOBHH y TKAHHHI HIKIPI KPOJIiB

BUCHOBKHA

Bunoroanns cynabdypy tuurpary 3 60 n1o 118 100u KUTTS KPOJIB Y KITBKOCTI 3 PO3paxyHKY
2 Mr S/KT MacH Tijia TIO3HAYUIIOCS BUINOKO Macoro mKkypku (P<0,001), Tourmau mkypku (P<0,05)
MOPIBHSHO 3 KOHTPOJIEM.

3acTrocyBaHHS CYAbQypy IUTpPATy y KiTbKOCTI 4 Mr S/Kr Macu Tijla CIPHUSIO BHIIINA Maci
mkypku (P<0,001), rpaBHoro kanany (P<0,001), nerens i Tpaxei (P<0,01), aupox (P<0,05), ToB-
muHE wKypku (P<0,01), neuinku (P<0,01).

Bukopucranus cyiabdypy mutpary 3 po3paxyHKy 8 MI S/KT MacH Tijia BiI3HAYHIIOCS HAHO1Ib-
IIMMH BIPOT1IHUM PI3HHUISIME CTOCOBHO KOHTpOITI0: MacH mkypku (P<0,001), TpaBHOTrO KaHATy
(P<0,01), romoeu (P<0,001), nerens i tpaxei (P<0,05), ToBmuan mkypku (P<0,01), nedinku
(P<0,01).
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BurmoroBanHs cynbypy IUTpaTy 3 po3paxyHKy 12 mMr S/KT MacH Tijia BiI3HAYMIIOCS BUIIOO
Macoro mkypku (P<0,01), TpaBHOrO Kamamy (P<0,01), romoBm (P<0,001), nerenp i Tpaxei
(P<0,05), ToBmmHu mkypku (P<0,01).

BurmoroBanHs cynbdaTy Harpiro 3 po3paxyHKy 40 Mr S/KT MacH Tijla TO3HAYMIIOCS CTOCOBHO
KOHTPOJII0O HAaiMEHIIMMH 3MiHAMH 3 BHIIOI0 Macoio mKkypku (P<0,05) Ta TOBIMHM IIKypKH
(P<0,01).
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ABSTRACT

DEVELOPMENT OF THE ORGANISM OF RABBITS AFTER
DRINKING SULFUR CITRATE AND SODIUM SULFATE

The use of rabbit hybrids in industrial rabbit breeding requires a complete nutritional diet bal-
anced in all components. Special attention is paid to the bioavailability of organic and inorganic
components of the rabbit's diet, since the digestibility of nutrients in the rabbit's body is low.
Therefore, the purpose of our study was to find out the effect of drinking sulfur citrate, produced
by the method of nanotechnology, and sodium sulfate from 60 to 118 days of life on the develop-
ment of the rabbit's body. Research was conducted on young Hyla rabbits at «Horlytsia», village,
district of the Lviv region, divided into six groups (control and five experimental), 6 animals in
each, selected according to the principle of analogues at the age of 50 days. Rabbits of the control
group were fed ad libitum complete ration granulated compound feed with free access to water.
The animals of the first (I), second (II), third (III) and fourth (IV) experimental groups were fed
with fodder of the ration of the control group and during the day they drank sulfur citrate accord-
ing to the calculation of 2; 4; 8 and 12 mg S/kg of body weight. Sulfur citrate solution (1.0 g/dm3,
pH 1.38) was obtained from «Nanomaterials and nanotechnology», Kyiv. The young of the fifth
(V) experimental group were fed with the forage of the diet of the control group and sodium
sulfate (Na2SO4) was given in the amount of 40 mg S/kg of body weight with water. The exper-
iment lasted 68 days. On the 118th day of life, the animals were subjected to euthanasia, parts of
the body were selected, after which they were weighed and the average statistical results were
calculated in comparison to the control. All animal manipulations were performed in accordance
with the European Convention for the Protection of Vertebrate Animals Used for Experimental
and Scientific Purposes. Digital data were processed statistically using Student's t test.

The analysis of the obtained results showed the most probable differences in relation to the
control of indicators of the weight of the skin of rabbits. Thus, the mass of raw skin of rabbits of
the I, 11, I1I, IV and V experimental groups was higher by 12.4, respectively; 19.5; 14.9; 12.0 and
9.4% (P<0.05 — 0.001) compared to the control. The weight of the stomach together with the
intestines and the contents of the animals of the I, II, III and IV experimental groups was, respec-
tively, higher by 15.8; 16.6; 17.1 and 14.3% (P<0.05 — 0.001), with a tendency to increase this
indicator by 2.1% in the V group compared to the control. The weight of the head of the rabbits
of all experimental groups compared to the control was characterized by a greater mass, however,
there were probable differences in II and III experimental groups. The weight of lungs in animals
of II, IIT and IV experimental groups, respectively, by 16.1; 15.0 and 10.0% compared to the
control, may indicate a positive effect of the applied amounts of sulfur citrate on the development
of the body and respiratory system of rabbits. The mass of parenchymal internal organs of rabbits
did not differ significantly compared to the control, except for the kidneys in the I group (P<0.05)
and the liver in animals of the II and III experimental groups (P<0.01).

Confirmation of positive changes in the mass of individual organs of the rabbits after drinking
sulfur compounds is their percentage expression to body weight. Thus, the weight of the skin was
higher in animals of I (P<0.001), II (P<0.001), III (P<0.01), IV (P<0.001) and V (P<0.05) ex-
perimental groups compared to control It should be noted that high probable differences between
experimental and control groups were found in animals that consumed different amounts of sulfur
citrate, and lower - sodium sulfate. The mass of the alimentary canal with its contents was higher
in rabbits of the II (P<0.001), IIT (P<0.01) and IV (P<0.001) experimental groups, and the weight
of the head increased significantly (P<0.001) only in the III group compared to the control. Other
examined organs of rabbits corresponded to the physiological parameters of their percentage in
the body, however, the obtained results were not significant, but noted an increase at the level of
the trend compared to the control.

The thickness of the epidermis of the skin of rabbits of the I, II, III, IV and V experimental
groups was probably higher by 11.6, respectively; 14.5; 13.8; 16.4 and 11.2% compared to the
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control group. The thickness of the dermis and subcutaneous tissue of the skin of rabbits in the I,
IL, III and I'V experimental groups probably increased by 5.3, respectively; 7.8; 9.5 and 7.4% in
relation to the control. The total value of the epidermal layer and dermis with subcutaneous tissue
was correlated with indicators of the total thickness of the skin of rabbits of the I, II, III, IV and
V experimental groups, which were greater by 5.4; 7.9; 9.6; 7.5 and 5.4% for the control group.

Therefore, drinking sulfur citrate affected the growth and development of the rabbit body
after weaning, which was characterized by a more pronounced effect on the intensity of growth
and slaughter performance of the organism, a higher weight of the skin, intestines with contents,
head, lungs and liver of rabbits that consumed sulfur citrate in the amount of 4 and 8 mg S/kg
body weight. The use of sodium sulfate at the rate of 40 mg S/kg of body weight did not have a
significant effect on the studied indicators of the intensity of growth of the rabbit body, except for
the weight of the skin. Differences in the thickness of the skin layers of all experimental groups
compared to the control were probable, which may indicate a special activating effect of the ap-
plied sulfur compounds on the course of metabolism in the skin tissue of rabbits.

Key words: rabbits, sulfur citrate, sodium sulfate, internal organs, skin thickness, mass co-
efficients.
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