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MOHOOKCHUI A3OTA B INDIASME KPOBUM KPbIC
JINHUWN «BUCTAP» ITPV1 BBEAIEHVV BUTAMWHA D3

H.A. Baxauna, JI.b. Kannkosa, A.M. TperpsakoBa, A.A. UepHbIx,
B.[d. lllagpwHa, E.P. boriko

r. CeikTBIBKaAp, Poccust

B nocaednee Bpemsa nybaukyemcs Bee boavue dannwix 0 B3aumocbasu umamuna D ¢ ¢pynkyuonupoba-
HueM 3HO0meAUs, ABAAIOU4e20Cs PecyAamopoM CoCYOUCHI020 20Meocma3a u eeMoouHamuxi. Monookcuod
a30ma xapaxkmepusyencs CuAbHuIM cocyoopacuupaouum oedcmbuem, a maxxe A6ASemMcs MOUHbIM UH-
eubumopom aepeeayuu mpomboyumo8 u adeesuu x cocyoucmotl cmenke. Ilokasano, umo Bumamun D
U e20 peyennops. Mo2ym peeyAupobams cunmes MOHOOKCUOA a3oma nocpedcmbom usmeHeHus axmubHo-
cmu sndomeauarsioi NO-cunmassl.

Leas uccredobarus — usyuenue bauAnua nompebaienus Gumamuna D3 8 cocmaBe smyavcuil Ha creneHs
u3MeHeHUs Ypobrsa moHookcuoa asoma 8 kpobu xpwic aunuu «Bucmap».

Mamepuarvr u memoost. VccaedoBarue npoBodusu Ha 1040603pesvix camyax kpovic Aunuu «Bucmap»
¢ maccou meaa 200-300 e (2-3 mec.). Kpvicot 0biau pasdesenvt cayuaiinbsiM odpasom Ha 0Be epynmnsi:
1) konmpoasryto (n=6), codepxabuiytocs 6 ycaobuax Bubapus 6 meuerue Bceeo sxcnepumerima; 2) onbim-
Hyto (n=6), noayuabuiyio smyavcuto ¢ Bumamurom D3 exednebro 8 meuenue 30 cym. Pacuem dosvl Buma-
muna D3 ocyujecmbaniu ucxo0sa u3 OAHHbIX AUMePAMYpsl 0 MAKCUMAALHO 00NYCMuMot mepanebmuye-
ckoil cymounoil 0ose Bumamuna D3 015 uesoBexa (4000 ME). Buoxumuueckuii anarus kpobu Bxawouas
onpedeenue koHyenmpayuu 25-eudpoxcubumamuna D, 1,25-0ueudpoxcubumamuna D u ypobra cma-
ouabHbIX Memaboaumof monookcuoa asoma. Cmamucmuueckuil anaius npoBoousu ¢ ucnoav3obanuem
npoepammHoeo obecneuenus Statistica.

Pesyavmamui. Pesyavmamot uccaedobanus nokasau, umo 30-cymounsviii npuem sSMYyAbCUut ¢ BUmMamuHom
D3 cnocobcmByem yBesuuenuto konyenmpayuu 0anmsix gpopm Bumamuna D u ypoBus morookcuoa asoma
8 kpobu xpuic, umo moxem cBudemesvcmBobams 00 unmencugpukayuy epmenmamubHozo cunmesa Mo-
HOOKCUOA A30Ma U YAYHUeHUY SHOOMEAUANLHOU PYHKYUIL.

BuiBooot. Taxum odpasom, Bumamun D u monookcud asoma A64:10mcs BaxHblMu cOeOUHEHUAMU, UMEI0-
wumu yHKYUoHarbHY10 cB3b Opye ¢ Opyeom, u obecneuenue adexBammoeo cmamyca Bumamuna D mo-
Kem cMA4UMb pasbumniue cepOeuHo-cocyoucnon OUCyHKyuu.

KaroueBoie cr08a: monooxcud asoma, Humpumest, Humpamst, 8umamun D, kpoBs, kpvicsl auHuy «Bu-
cmap».

O.N. IlapmrykoBa, H.H. ITorosimueina, JK.E. iBankoBa, H.OK. AmicynirasoBa,

OI'bYH DL «KomMu HayuHbIVI 1IeHTp Y pasibcKoro oTaesieHns Poccurickon akageMiuy HayK»,

BBenenue. B mocnennee Bpems mMyOJHKY-
eTcs Bce OOJIbIlle JaHHBIX O B3aMOCBSI3M BHTA-
MuHa D ¢ QyHKIMOHMpOBaHUEM IHIIOTETHS, SB-
JISIOUIETOCST PETYISATOPOM COCYAHCTOTO TOMEO-
craza u remoauHamuku [1, 2]. Ilox BnusHHUEM
Pa3IMYHBIX pa3APAKUTENICH SHIOTEIHUN BBICBO-
OoxmaeT BazomMIATATOPHI (MOHOOKCHI a30Ta,
MIPOCTALUKIIMH, HAaTPUHMYPETUUYECKUH NENTU]
C-tuma u 7p.) ¥ Ba30KOHCTPUKTOPHI (aKTHBHBIE
(hOpPMBI KUCIIOPO/Ia, aHTMOTEH3MH-2, SHI0TENIMH-1)
[1, 3]. Cpenn aux MmoHOOKCcHA a3oTa (NO) xapak-
Tepu3yercsi Hanbosiee MOLIHBIM COCYA0PACIINPSI-
IOIUM JCUCTBHEM, a TaKXKe SBJISIETCA MOIIHBIM

WHTHOUTOPOM arperariui TPOMOOIIMTOB U ajre-
3uM K cocyamucToi ctenke [3, 4]. Jlucbamanc B
cuaTe3e NO MOXKET MPUBECTH K PA3BUTHIO TAKHUX
CepACUYHO-COCYAUCTHIX MATOJIOTHH, KaK THIIEPTO-
HUS, HIIIEeMUYecKas 00JIe3Hb Cep/IIa i aTepOCKIIe-
POTHYECKOE TTOPAXKEHUE COCYNIOB, UTO B PE3ylh-
TaTe MOXET CHU3UTh (YHKI[MOHAIBHBIC BO3MOXK-
HOCTH OpraHu3Ma cropTcMeHoB [5, 6]. Ha man-
HBEII MOMEHT CYIIECTBYET OOJIBIITOE YMCIIO UCCIIe-
JOBaHUM, TOKA3BIBAIOIIMX BIMSHHUEC BUTaMHHA D
u ero peuentopos (VDR) Ha cuaTE3 MOHOOKCH 1A
azoTa MyTeM Te€HOMHOTO W HET€HOMHOTO Jei-
crBus. [lokazaHo, yto BuTaMuH D u ero peuern-
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TOpPBI MOTYT peryiaupoBaTh cuHTe3 NO mocpen-
CTBOM M3MEHEHUS aKTUBHOCTH 3HAOTENIHAIbHON
NO-cunrazsl (eNOS) [1]. Kpome Toro, oTcyt-
ctBre VDR nmpuBoANT K CHMKEHUIO OMOIOCTYII-
HocTH L-apruHrHa n3-3a MOBBILIEHHON 3KCIIpec-
CUU apruHa3bl-2, KOTOpas KOHKypupyeT ¢ eNOS
3a L-aprunun [7]. HereHoMHoe paeiicTBue BuTa-
MuHa D MOXXeT yCHITMBATh BHYTPHUKIIETOUHYIO aK-
tuBHOCTh eNOS Yepe3 BHYTPHUKIETOYHBIH Kajlb-
[UI3aBUCUMBIN TyTh [8]. YBenmndeHue BHYTpH-
KJIETOYHOW KOHIIGHTPAIlMM KaNbIUs CHOCOOCT-
ByeT 00pa30BaHUIO KOMIDIEKCA KaJbIINH/KAITbMO-
ITyJIMH, KOTOPBIA UrpaeT BaXKHYIO POJIb B aKTHBA-
un eNOS [9]. 1,25(OH)-Butamun D moxer yBe-
nuuuBath npoaykuuio NO B 3HAOTENHAIbHBIX
KIIETKax 3a cYeT OBICTpOW HETeHOMHOHN aKTHBa-
Uuu 3HA0TENHaIbHOU NO-CHUHTa3bl C HOMOILBIO
VDR-3aBucumoro kackaga ¢ochopuimpoBaHus
[10]. Takum oOpazom, MOAJIEpXKaHUE BBHICOKOTO
ypoBHS BUTaMuHa D SBIsieTCS BAKHBIM YCIIOBHEM
HOPMAaJILHOTO (DYHKIIMOHUPOBAHUS YHIOTEIHSI.
Heab uccaenoBanus. V3ydeHue BIUSHUA
notpedneHus BuramMrHa D3 B cocTaBe sMynbcuit
Ha CTENeHb W3MEHEHHs YpPOBHS MOHOOKCH[IA
a30Ta B KPOBH KpbIC TUHUH «Bucrapy.
Marepuanbl u MeToabl. MccnenoBanue npo-
BOJIMJIM Ha TIOJIOBO3PEJIBIX CaMIIAX KpPbIC JTMHUHU
«Buctap» ¢ maccoit Tena 200300 r (2-3 mec.).
Conepxanue XUBOTHBIX B TedeHHe 7—10-m1HEB-
HOTO TIepHOoJia aJanTaldyd U BO BpeMs IpoBee-
HUS HICCIIEIOBAHUS OCYIIECTBIISIIHN MIPH TEMIIepa-
Type 2141 °C 1 12-4acoBOM OCBeIIEHIH Ha CTaH-
JAPTHOM pallioHe BUBAPHsI C IOCTYIIOM K Bojie ad
libitum. [IpoTokon McclemoBaHUs COOTBETCTBO-
BaJl EBporeiickoil KOHBEHIIMU 10 3aIUTE TT03BO-
HOYHBIX JKUBOTHBIX, UCIIOJB3YEMBIX JIS JKCIIe-
PUMEHTAIIbHBIX U MHBIX HAYYHBIX IeNiei, u ObLI
oJIoOpeH Ha 3ace/]aHNH KOMHTETa M0 OMOITHKE
Wucturyra puznonorun Komu HI YpO PAH.
[lo mucTeuenun meproaa aganTallyd KPHICHI
OBLITHM B3BEIICHBI U Pa3/eeHbl CIy4ailHbIM 00pa-
30M Ha JBE TPYIIIEL: 1) KOHTPOIbHYIO (n=6), co-
JIEPKABIIYIOCS B YCJIOBUSX BHBApHUS B TEUCHHE
BCETO KCIEPUMEHTA; 2) ONBITHYIO (n=0), TOJy-
YaBIIYIO SMYJIBCHUIO ¢ BUTAaMUHOM D3 exxeHeBHO
B Teuenue 30 cyt. )KuBoTHbIE, BeC KOTOPBIX OT-
JaU4aics OT CpeJHeW Macchl Tela KUBOTHBIX
ocranbHOW BbIOOpKH Ha 10 % (B OonbIIyr0 WK
MEHBIIYIO CTOPOHBI), OBUTH HCKIIOUEHBI M3 JKC-

nepuMenTta. B panpHeHIIeM KOHTPOIb MacChl
TeJa OCYIIECTBIISUIN ITyTEM B3BEIINBAHMS )KUBOT-
HBIX | pa3 B HEZAENIO C IENIbI0 KOPPEKLIUU COJEp-
>kanug ButamuHa D3 B coctaBe amynbscuu. Pac-
4eT 1036l BUTaMHHA D3 mpoBOIWIM HCXOAS U3
JaHHBIX JIUTEPaTypbl O MaKCHUMalIbHO AOIYCTH-
MOM TE€paneBTUYECKOW CYTOYHOM 103€ BUTAMUHA
D3 nns wenmoBeka u (opMyITel pacyeTra OMOIKBH-
BAJICHTHOH J03bI BEILECTBA C yYETOM MeTaboIIu-
geckoro kodh(HUIMeHTa JaHHOTO BHIA Jrabopa-
TOpHOTO UBOTHOTO. J[03a BUTamMuHa D3 cocTas-
nsma 4000 ME.

OMyJbCUIO, coAepxKallyo ButaMmuH D3, BBO-
e per oS B oobeMe 0,5 MIT ¢ moMompio 30H/1a
n3 Hepkasetomeit cramm (18Gx76 MM, muamerp
OIUBHI — 2,25) 6e3 HapKOTH3aIluH, HATOMIAK (715
UMHUTALUH TEPOPATIBHOr0 NOTpeOsieHHs Mpena-
pata dyemoBexkoMm). Bribop oObeMa BBOIUMOA
SMYJIBCUH CIIENaH C YUYeTOM PEeKOMEHIalui oTe-
YECTBEHHBIX U 3apyOeKHBIX aBTOpoB [11, 12], a
TaKXe JaHHbIX O TOM, YTO MACJISIHUCTBIE Belle-
CTBa U3-3a UX YAEIbHOI Macchl MOTYT XYK€ Iie-
PEHOCHUTHCS KUBOTHBIMH, YEM CPEICTBA, BBOAM-
MBI€ B BUJI€ BOJAHOTO PAacTBOPA.

BriBenieH1E )KUBOTHBIX U3 SKCIIEPUMEHTA OCY-
LIECTBIUIM METOJIOM JAEKANMTALUH TOJ JIEIKUM
HapKO30M (4Uepe3 CYTKH IOCIIe TOCIIEIHETO BBEIe-
HUs) B COOTBETCTBUU ¢ [IpaBriaMu mpoBeneHus
paboT ¢ WCIONB30BAHUEM OSKCIIEPUMEHTATBHBIX
XKHUBOTHBIX (Tipuka3 Ne 755 ot 12.08.1987) u de-
JACpAJIbHBIM 3aKOHOM «O 3allluTe KUBOTHBIX OT
xecTokoro ooparenus» ot 01.01.1997.

VYposenp BuTamuHa D3 B opranusme orie-
HUBAIU TIOCPEACTBOM H3MEPEHHUs B IUIa3Me
KpOBH KOHIIEHTpalMM 25-THAPOKCHBHUTAMKHA
D (25-OH-ButD) u 1,25-aurnapoxkCuBUTAMHHA
D (1,25-OH-ButD) ¢ ucnonp3oBaHreM UMMYHO-
(depMeHTHBIX Hab0poB (upmbl «broXumMak»
(Poccus).

YpoBeHb CTAOWIBHBIX METaOOINTOB MOHO-
okcuaa azota — HuUTpuToB (NO2) M HUTpaTOB
(NOs"), cymma KOTOpPBIX JaeT IMOKaszarelb CTa-
omnpHBIX MeTabomuToB NO — (NOy), onpenensiiu
B IU1a3M€ KPOBH KOJIOPUMETPUICCKUM METOJIOM B
peakmnuu ¢ peaktuBoM [ 'pucca [13].

CraTHCTHYECKUI aHAN3 TPOBOJIMIH C WC-
MOJIb30BaHUEM IIPOrpaMMHOTo obecrneuenus Sta-
tistica (Bepcus 6.0, StatSoft Inc., 2001, CIIIA).
OnucaTtenpHble CTaTHCTHYECKUE IaHHBIE OBLTH
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WCTIONB30BaHbl uisd pacueta cpeaneid (M) u
omnOkn (m). 3HAYMMOCTH PA3TUUUN MEXKIY
rpymniamMy OLeHUBaNU Mo kputepuio Kpyckana —
Yomuca. KoshduuueHTs KOppensuuud Mexmy
JBYMSI MEPEMEHHBIMH PACCUUTHIBAIH C IIOMO-
b0 paHroBoro ananuza Crnupmena. Pazmuuums
cuuTanu 3HauuMbIMu Tipu p<0,05.

Pe3yabTaThl u 00cyxknenne. Baxxaedmmvun
¢dopmamu BuTammHa D B opraHm3Mme SBISIOTCS

25-ruapokcuButamuH D u 1,25-nuruapokcuBu-
TamuH D. IlepBbIil U3 HUX CHHTE3UPYETCS B Ile-
YeHU U SIBIISIETCS TPAHCIOPTHOW (QoOpMoil BHUTa-
muHa D. Bropoii siBnsieTcss OCHOBHBIM OMOJIOTH-
YEeCKH aKTHBHBIM METaOOJMTOM, TOPMOHATBHON
¢dopmoit Butammunaa D [14]. [IpoBenenHoe Hamu
WCCJIETOBAHKE ITOKA3aJI0 3HAUNUTEIBHOE yBEIUIe-
HHUE ypOBHS JaHHbIX ¢opMm BuTamuHa D B opra-
HH3MeE KpbIc (puc. 1).

25-OH-ButD, 25-OH-ButD,
HMOJIB/TT — E=250H-sutD IMOJIB/T —
25-OH vitamin D, —&— ] 250H-BurD 25-OH vitamin D,
nmol/L pmol/1
120 600
100 / 500
80 400
60 300
40 / 200
20 v 100
0 0

KonTponbHas rpymnmna —
Control group

OmnbITHAsA rpymnma —
Experimental group

Puc. 1. YpoBeHb BUTaMuHa D B KOHTPOJIbHOM U ONBITHON IPyNIax KpbIC

Fig. 1. Vitamin D level in the control and experimental groups of Wister rats

CornacHO JMTEpAaTypHBIM JAHHBIM II€pO-
panbHOE BBeJeHne BuTaMrHa D mpuBoauT K 60-
siee ObICTPOMY, IO CPABHEHHUIO C APYTHUMH CIIOCO-
0amu, yBeIM4YEeHHIO ero ypoBHs [ 15], mpudyeM Mak-
CHUMAaJIbHBIN yPOBEHB MOCIIE OHOKPATHOTO BBEZIE-
HUs mocturaercs yepes 24 1 [16]. Hamm uccmeno-
BaHMs TMOKa3anu SPQPeKTUBHOCTH 30-THEBHOTO
npueMa BUTamMuHa D3 kpbicamu. YpOBEHb TOp-
MOHaJIbHOAKTUBHOM (popmer 1,25-OH-ButD 6B
B 6 pa3 BeIme KOHTposbHOTO. KOHIEHTparms
25-OH-ButD npu 3TOM OBLTa y’K€ HE TaKOW BBI-
cokoii (B 3,1 pa3a BblIe 10 CPaBHEHHUIO C KOH-

TPOJILHOW TPYIIOil), YTO CBSI3aHO, BEPOSITHO, C
ONTUMH3ALUEHN €ro TPaHCIIOPTa B KPOBH.

3nauenus NOx u NO»™ B 1u1a3me KpoBH KpBbIC
ombitHOW Tpymmbl (NOx — 41,2+1,9 MKMOIB/T;
NOy — 12,3+£0,9 MKkMOJIb/1T) OBLIM BBIIIE, YEM B
koHTposie (NOyx — 28,3%1,1 mMkmone/m; NOy —
6,9+0,5 mMrmonw/m) (p<0,01) (puc. 2). YpoBeHb
NO;™ B 1u1azMe KpoBH Takke UMell TCHJICHIIUIO K
YBEIUYEHHIO, OJJHAKO CTATUCTUYECKU 3HAYMMBIX
pasnnvuii He BBISBICHO (KOHTPOJbHAS TPYIINa —
21,4+0,9 MKMOIB/T; rpynma —
28,9+2,07 MKMOJIB/IT).

OIIbITHaA
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Puc. 2. Tloka3zarean MOHOOKCH]IA a30Ta B IUIa3Me KPOBH y KPbIC IPH BBEACHUH BUTaMKHa D3
(** — p<0,01 mpu cpaBHEHUHN KOHTPOIHHOHN M OTBITHOM TPYIIIT)

Fig. 2. Nitric oxide level in blood plasma in Wister rats receiving vitamin D3
(** — the differences are significant compared to the control (p<0.01))

IIpoBeneHHBIN KOPPENALIMOHHBIN aHAJIN3 I10- KPBIC BBISIBAJ B3aUMOCBs13b YpoBHS NOy, NO;™ ¢ 1o-
kazareneit NO u ypoBHS BUTamMHHa D B KpoBH kazarensimu 250H-ButD u 1,250H-ButD (Tabm. 1).

Tabruya 1
Table 1

KoagpnumeHTsl KOppeassun Mex1y YPOBHEM CTA0MIbHBIX MeTa00JIMTOB MOHOOKCH/IA a30Ta
U coiepxkaHueM BUTaMHHA D3 B mi1a3mMe KpoBU KpbIC

Correlation coefficients between the levels of stable nitric oxide metabolites
and vitamin D3 in the blood plasma of Wistar rats

3HauyeHue ko3puuueHTa Koppeasauuu (r)
TMapaverp . Correlation coefficients (r)
Parameter 250H-BuTtD, nMoJib/Ma 1,250H-ButD, nMoJ1b/MJ
250H-vitD, pmol/ml 1.250H-vitD, pmol/ml
NOx, MKMOJIB/TI sk sk
NO. umol/l 12 0,71 0,85
NOy', MKMONB/1T s .
NO,-, pmol/l 12 0,70 0,97
NO3", MKMOJIB/JT
NO;-, pmol/l 12 0,28 0,27

IIpumevanune. YpoBHHU cTaTUCTHUECKOM 3HAaUNMocCTH: **p<0,01; ***p<0,001.

Note. ** — the differences are statistically significant (p<0.01); *** — the differences are statistically signifi-

cant (p<0.001).
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CornacHo NaHHBIM JIUTEPATypPbl MOHOOKCH/T
a30Ta — CUTHaJIbHAsl MOJIEKYJIa, OTBETCTBEHHAS 3a
BazonunaTanuio. OHa UTpaeT BaXXHYIO POJIb B pe-
TYJISIUM  KPOBOOOpAIGHUS W apTEepPHATLHOTO
naenenus [17]. UzBectHo, uto ypoBeHb NO B
KPOBHU PE3KO CHIDKACTCS y MOKWIBIX JIIOACH U Yy
MalMeHTOB C HU3KUM ypoBHeM BuTtamuHa D [18],
yXyAIIas peakiuio KPOBEHOCHBIX cocymoB. Ye-
ThIpEXHEAEbHBIM MpHueM BUTaMHUHA D B j03e
2000 ME/nens ymydinaer peakiiuio MAKPOCOCY-
noB y adpoamepukanies [19]. Takum oOpazom,
BUTaMUH D 1 MOHOOKCH]] a30Ta SBJISIOTCS BaK-

HBIMH COCJUHCHUSIMH, HUMEIOIUMH (YHKIHO-
HAJIBHYIO CBSI3b APYT ¢ Apyrom. Mx onrtumans-
HBIH YPOBEHb B OPTaHU3ME JIIOJCH MOXKET yIIyd-
LINTH 30POBbE, YBEIUYHUTH a3pOOHYIO U (hrznde-
CKyI0 paborocmocooHocTs [20, 21].

3akmouyeHue. Pe3yiabpTaThl HAIUX HUCCIIEI0-
BaHMH MOKa3ayy, 4To 30-CyTOYHBIN IPUEM MY JTb-
CHUH C BATaMHHOM D3 crmocoOcTByeT yBeTMIeHIIO
ypoBH NO B KpOBH KpBIC, UYTO MOXET CBHUJIC-
TEeITLCTBOBATh 00 WHTEHCHPUKAIUKU (DepMeHTa-
TUBHOTO cuHTe3a NO ¥ yIy4IIeHUH SHIOTEIH-
aTbHON (PYHKIIHU.

Paboma evinonnena 6 pamxax epanma PH® Nel9-73-10091 «Omynvcuu [ukepunea, cmabuiusuposarnivie
AHU3OMPONHLIMU  MEMATIOKCUO/NOTUCAXAPUOHBIMU HAHOKPUCMALIAMU: GOPMUPOBAHUE KOIOUOHBIX CUCTEM
U ux 6uomMeOUYUHCKUe npunodceHusy (pyk. — k.x.H. B.U. Muxaiinos, 2019-2022 2z.).

KoudaukT natepecoB. ABTOPHI 3asBISIOT 00 OTCYTCTBUH KOH(IMKTa HHTEPECOB.
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NITRIC OXIDE IN BLOOD PLASMA
OF WISTAR RATS RECEIVING VITAMIN D3

O.I. Parshukova, N.N. Potolitsyna, Zh.E. Ivankova, N.Zh. Alisultanova, N.A. Vakhnina,
L.B. Kalikova, A.M. Tret'yakova, A.A. Chernykh, V.D. Shadrina, E.R. Boyko

Komi Scientific Centre, Ural Branch of the Russian Academy of Sciences, Syktyvkar, Russia

Recently, much data has been published on the correlation between vitamin D and endothelium. Which is
known to requlate vascular homeostasis and hemodynamics. Nitric oxide is characterized by a strong vas-
odilating effect. It is also a powerful inhibitor of platelet aggregation and adhesion to the vascular wall.
Vitamin D and its receptors can regulate the nitric oxide synthesis by changing the activity of endothelial
NO synthase.

The purpose of the study was to examine the effect of vitamin D3 (emulsion) consumption on the level
of nitric oxide in the blood of Wistar rats.

Materials and Methods. The study was carried out on mature male Wistar rats weighing 200-300 g (aged
2-3 months). The rats were randomly divided into two groups: 1) control (n=6), kept in vivarium during
the whole experiment, 2) experimental (n=6), daily receiving vitamin D3 in emulsion for 30 days. The
calculation of vitamin D3 dose was based on the recommended daily amount of vitamin D3 for an adult
person (4000 IU). A biochemical blood test determined 25-hydroxyvitamin D, 1,25-dihydroxyvitamin D
and the level of stable nitric oxide metabolites. Statistica software was used for statistical analysis.
Results. The trial study showed that a 30-day intake of vitamin D3 in emulsion increased its concentration
and the nitric oxide level in the blood of rats. It may indicate the intensification of the enzymatic nitric
oxide synthesis and the improvement in endothelial function.

Conclusion. Thus, vitamin D and nitric oxide are important functionally correlated compounds. Adequate
vitamin D status can mitigate the development of cardiovascular disease.

Key words: nitric oxide, nitrites, nitrates, vitamin D, blood, Wistar rats.



162

YiabsiHOBCKMII MeANKO-011omormaeckmii xKypHas. No 1, 2023

The work is supported by RSF grant No. 19-73-10091 “Pickering emulsions stabilized by anisotropic metal
oxide/polysaccharide nanocrystals: formation of colloidal systems and their biomedical applications” (Head
of research group — Ph.D., V.I. Mikhailov, 2019-2022).

Conflict of interest. The authors declare no conflict of interest.

Author contributions

Research concept and design: Boyko E.R., Vakhnina N.A., Potolitsyna N.N.

Literary search, participation in the research study, data processing: Parshukova O.I., Potolitsyna N.N.,
Vakhnina N.A., Kalikova L.B., Ivankova Zh.E., Alisultanova N.Zh., Tret'yakova A.M. Chernykh A.A.,
Shadrina V.D.

Statistical data processing: Parshukova O.1., Ivankova Zh.E., Alisultanova N.Zh.

Data analysis and interpretation: Parshukova O.1., Tret'yakova A.M., Chernykh A.A., Shadrina V.D.
Text writing and editing: Parshukova O.I., Potolitsyna N.N., Boyko E.R.

References

1.

10.

11

12.
13.

14.

15.

Kim D.H., Meza C.A., Clarke H., Kim J.S., Hickner R.C. Vitamin D and Endothelial Function. Nutrients.
2020; 12 (2): 575. DOI: 10.3390/nu12020575.

Shirvani A., Persons K.S., Holick M.F. Evaluation of Effectiveness of Ultraviolet Emitting Lamps on the
Cutaneous Production of Vitamin D3: Relationship of the Lamps Vitamin D3 Producing Potential to the
Production of 8-Hydroxy-2'-Deoxyguanosine and Nitric Oxide. J. Anticancer Res. 2020; 40 (1):
565-572. DOI: 10.21873/anticanres.13986.

Higashi Y., Noma K., Yoshizumi M., Kihara Y. Endothelial function and oxidative stress in cardiovas-
cular diseases. Circ. J. 2009; 73: 411-418. DOI: 10.1253/circj.cj-08-1102.

Forstermann U., Sessa W.C. Nitric oxide synthases: regulation and function. Eur. Heart. J. 2012; 33 (7):
837a—837d. DOI: 10.1093/eurheartj/ehr304.

Besedina A. NO-Synthase Activity in Patients with Coronary Heart Disease Associated with Hyperten-
sion of Different Age Groups. J. Med. Biochem. 2016; 35 (1): 43—49. DOI: 10.1515/jomb-2015-0008.
Parshukova O.I., Varlamova N.G., Bojko E.R. Nitric Oxide Production in Professional Skiers During
Physical Activity at Maximum Load. Front. Cardiovasc. Med. 2020; 7: 582021. DOI: 10.3389/
fcvm.2020.582021.

Andrukhova O., Slavic S., Zeitz U., Riesen S.C., Heppelmann M.S., Ambrisko T.D., Markovic M.,
Kuebler W.M., Erben R.G. Vitamin D is a regulator of endothelial nitric oxide synthase and arterial stiff-
ness in mice. Mol. Endocrinol. 2014; 28 (1): 53—-64. DOI: 10.1210/me.2013-1252.

Fleet J.C. Rapid, Membrane-Initiated Actions of 1,25 Dihydroxyvitamin D: What Are They and What
Do They Mean? J. Nutr. 2004; 134 (12): 3215-3218. DOI: 10.1093/jn/134.12.3215.

Busse R., Miilsch A. Calcium-dependent nitric oxide synthesis in endothelial cytosol is mediated by cal-
modulin. FEBS Lett. 1990; 265 (1-2): 133—136. DOI: 10.1016/0014-5793(90)80902-u.

Molinari C., Uberti F., Grossini E., Vacca G., Carda S., Invernizzi M., Cisari C. 1a,25-dihydroxychole-
calciferol induces nitric oxide production in cultured endothelial cells. Cell Physiol. Biochem. 2011,
27 (6): 661-668. DOI: 10.1159/000330075.

. Rybakova A.V., Makarova M.N., Kukharenko A.E., Vichare A.S., Ryuffer F.-R. Sushchestvuyushchie

trebovaniya i1 podkhody k dozirovaniyu lekarstvennykh sredstv laboratornym zhivotnym [Current require-
ments for and approaches to dosing animal studies]. Vedomosti Nauchnogo tsentra ekspertizy sredstv med-
itsinskogo primeneniya. 2018; 8 (4): 207-217. DOI: 10.30895/1991-2919-2018-8-4-207-217 (in Russian).
Hankenson F.C. Critical care management for laboratory mice and rats. New York: CRC Press; 2013: 254.
Bikle D.D. Vitamin D Metabolism, Mechanism of Action, and Clinical Applications. Chem. Biol. 2014;
21 (3): 319-329. DOI: 10.1016/j.chembiol.2013.12.016.

Granger D.L., Taintor R.R., Boockvar K.S., Hibbs J.B.Jr. Measurement of nitrate and nitrite in biological
samples using nitrate reductase and Griess reaction. Methods Enzymol. 1996; 268: 142-151. DOI:
10.1016/s0076-6879(96)68016-1.

Whyte M.P., Haddad Jr.J.G., Walters D.D., Stamp T.C. Vitamin D bioavailability: serum 25-hydroxyvit-
amin D levels in man after oral, subcutaneous, intramuscular, and intravenous vitamin D administration.
J. Clin. Endocrinol. Metab. 1979; 48 (6): 906-911. DOI: 10.1210/jcem-48-6-906.



YapAHOBCKMI MeaMKO-0moormaeckmit )XypHan. Ne 1, 2023 163

16. Haddad J.G., Matsuoka L.Y., Hollis B.W., Hu Y.Z., Wortsman J. Human plasma transport of vitamin D
after its endogenous synthesis. J. Clin. Invest. 1993; 91 (6): 2552-2555. DOI: 10.1172/JCI116492.

17. Lewis N.C.S., Bain A.R., Wildfong K.W., Green D.J., Ainslie P.N. Acute hypoxaemia and vascular func-
tion in healthy humans. Exp. Physiol. 2017; 102: 1635-1646. DOI: 10.1113/EP086532.

18. Machado P. de A., Escrivani D.O., Oliveira G., Claudio D. Vitamin D increases killing of intracellular
Leishmania amazonensis in vitro independently of macrophage oxidative mechanisms. Parasitology.
2020; 147: 1792-1800. DOI: 10.1017/S0031182020001791.

19. Wolf S.T., Jablonski N.G., Ferguson S.B. Four weeks of vitamin D supplementation improves nitric ox-
ide-mediated microvascular function in college-aged African Americans. Amer. J. of physiol.-heart and
circulatory physiol. 2020; 319: H906-H914. DOI: 10.1152/ajpheart.00631.

20. Dahlquist D.T., Dieter B.P., Koehle M.S. Plausible ergogenic effects of vitamin D on athletic performance
and recovery. J. Int. Soc. Sports Nutr. 2015; 19 (12): 33. DOI: 10.1186/512970-015-0093-8.

21. Parshukova O.1., Boyko E.R., Larina V.E. Markery sosudistogo tonusa v krovi vysokokvalifitsirovannykh
lyzhnikov-gonshchikov Respubliki Komi v techenie godovogo trenirovochnogo tsikla [Markers of vas-
cular tone in the blood of elite cross-country skiers of the Komi Republic during the annual training cycle].
Zhur. med.-biol. issled. 2019; 2: 169—177. DOI: 10.17238/issn2542-1298.2019.7.2.169 (in Russian).

Received December 29, 2022, accepted January 27, 2023.

Information about the authors

Parshukova Ol'ga Ivanovna, Candidate of Sciences (Biology), Researcher, Department of Ecological
and Medical Physiology, Institute of Physiology, Komi Scientific Centre, Ural Branch of the Russian Acad-
emy of Sciences. 167982, Russia, Syktyvkar, Pervomayskaya St., 50; e-mail: olga-parshukova@mail.ru,
ORCID ID: http://orcid.org/0000-0003-1862-6936.

Potolitsyna Natal'ya Nikolaevna, Candidate of Sciences (Biology), Leading Researcher, Department of
Ecological and Medical Physiology, Institute of Physiology, Komi Scientific Centre, Ural Branch of the Rus-
sian Academy of Sciences. 167982, Russia, Syktyvkar, Pervomayskaya St., 50; e-mail: potol nata@list.ru,
ORCID ID: http://orcid.org/0000-0003-4804-6908.

Ivankova Zhanna Evgen'evna, Candidate of Sciences (Biology), Researcher, Department of Ecological and
Medical Physiology, Institute of Physiology, Komi Scientific Centre, Ural Branch of the Russian Academy
of Sciences. 167982, Russia, Syktyvkar, Pervomayskaya St., 50; e-mail: shivank@yandex.ru, ORCID ID:
http://orcid.org/0000-0001-7733-2407.

Alisultanova Nadezhda Zhafarovna, Candidate of Sciences (Biology), Researcher, Department of Ecolog-
ical and Medical Physiology, Institute of Physiology, Komi Scientific Centre, Ural Branch of the Russian
Academy of Sciences. 167982, Russia, Syktyvkar, Pervomayskaya St., 50; e-mail: alisultanova.nadezh-
da@mail.ru, ORCID ID: http://orcid.org/0000-0002-8442-3558.

Vakhnina Nadezhda Alekseevna, Candidate of Sciences (Biology), Senior Researcher, Department of Eco-
logical and Medical Physiology, Institute of Physiology, Komi Scientific Centre, Ural Branch of the Russian
Academy of Sciences. 167982, Russia, Syktyvkar, Pervomayskaya St., 50; e-mail: vakhnina80@mail.ru,
ORCID ID: http://orcid.org/0000-0002-0779-5171.

Kalikova Lyubov' Borisovna, Junior Researcher, Department of Ecological and Medical Physiology, Insti-
tute of Physiology, Komi Scientific Centre, Ural Branch of the Russian Academy of Sciences. 167982, Rus-
sia, Syktyvkar, Pervomayskaya St., 50; e-mail: kalikova 81@mail.ru, ORCID ID: http://orcid.org/0000-
0001-7963-1662.

Tret'yakova Anastasiya Mikhaylovna, Junior Researcher, Department of Ecological and Medical Physiol-
ogy, Institute of Physiology, Komi Scientific Centre, Ural Branch of the Russian Academy of Sciences.
167982, Russia, Syktyvkar, Pervomayskaya St., 50; e-mail: anastasiaromanova2509@yandex.ru, ORCID ID:
http://orcid.org/0000-0003-0040-7276.

Chernykh Aleksey Anatol'evich, Candidate of Sciences (Biology), Researcher, Department of Ecological
and Medical Physiology, Institute of Physiology, Komi Scientific Centre, Ural Branch of the Russian Acad-
emy of Sciences. 167982, Russia, Syktyvkar, Pervomayskaya St., 50; e-mail: chernykh.al.an@gmail.com,
ORCID ID: http://orcid.org/0000-0002-1574-5588.


http://orcid.org/0000-0002-1574-5588

164 YapAHOBCKMI MeaMKO-0moormaecknii >xypHai. Ne 1, 2023

Shadrina Vera Dmitrievna, Candidate of Sciences (Biology), Researcher, Department of Ecological
and Medical Physiology, Institute of Physiology, Komi Scientific Centre, Ural Branch of the Russian Acad-
emy of Sciences. 167982, Russia, Syktyvkar, Pervomayskaya St., 50; e-mail: vera.shadrina56@mail.ru,
ORCID ID: http://orcid.org/0000-0002-4553-6218.

Boyko Evgeniy Rafailovich, Doctor of Sciences (Medicine), Professor, Director, Institute of Physiology,
Komi Scientific Centre, Ural Branch of the Russian Academy of Sciences. 167982, Russia, Syktyvkar,
Pervomayskaya St., 50; e-mail: boiko60@inbox.ru, ORCID ID: http://orcid.org/0000-0002-8027-898X.

For citation

Parshukova O.I., Potolitsyna N.N., Ivankova Zh.E., Alisultanova N.Zh., Vakhnina N.A., Kalikova L.B.,
Tret'yakova A.M., Chernykh A.A., Shadrina V.D., Boyko E.R. Monooksid azota v plazme krovi krys linii
«Vistar» pri vvedenii vitamina D3 [Nitric oxide in blood plasma of Wistar rats receiving vitamin D3].
Ul'vanovskiy mediko-biologicheskiy zhurnal. 2023; 1: 155-164. DOI: 10.34014/2227-1848-2023-1-155-164
(in Russian).





