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Abstract

The present study shows that nitroxide derivative (carbamoyl-PROPXYL) is suitable "H-MRI
contrast probe for visualization of hypercholesterolemia-induced renal dysfunction in intact
animals and clarifyihg the mechanisny(s) of renal damage mediated by cholesterol. The probe
was applied in a concentration, which was 3 times lower than the LD50 for intravenous
administration in C57Bl/6 mice. Since the probe is excreted by kidneys, it could be
considered harmless for mammalians in the selected dose and appropriate candidate for
translational research. The data were compared with those, obtained by conventional "H-MRI
contrast agent Gd/DTPA for assessment of renal function in experimental animals and

patients.
Pezrome

BuBenenue

ITpe3 1984 roauna, B HayyHaTa JHTEpAaTypa € JAOKJIa/BaHa Bh3MOXKHOCTTA 3a M3II0J3BaHE HA
HHTPOKCHITHHTE pPaiuKkaii kato KoHTpacTHO cpencTso 3a Tl MRI u nmoremmmamnoro um
NpHIOMKEHHE B MarHATHOpe30HaHcHaTa oOpa3na auarnoctrka [Afzal et al., 1984; Griffeth et
al.,, 1984; Keana et al.,, 1987]. HuTpokcunHuTe pajMKaJd Ca MaJIKHM MOJIEKYIH OT
murepuauaos  (“TEMPO”)  wmm  pupommpusos  tan  (“PROXYL”), xomro ca
BUCOKOUYYBCTBUTEJIHM KBM OKHCIHTEIHO-PEIYKIHOHHUTE TPOIECH B OMOJIOTHYHHUTE ThKaHH,
¥ HaMHpaT IMpoko mpuioxkeHue B EPR wmscnenpammara [Rosen et al., 1990; Utsumi &
Yamada, 2003; Valgimigli et al., 2001]. Ilpu MRI ce npunarar npeauMHO HUTPOKCHIHH

pafuKalIyd OT MHPOIUMAMHOB THII, IIOPaJ¥ TSIXHATA II0-BHCOKA CTAOMIIHOCT KBM DPEAYKLHMS in
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Hamuuwero ma xumepxosiecrepoiemus Oerre oKa3aHO ype3 KOHBEHIMOHAIHHM TECTOBE 3a
HuBata mHa obumms -xonecrepos, LDL-xonecrepona u HDL-xomectepona B IazMara Ha
xupotaure. Ilapanenuo 6sSxa OpoBeAeHH CleJAHHTe OMOXMMHMYHH TECTOBE Ha cepyma Ha
KUBOTHHUTE, NOKA3aTeNHH 3a (yHKIMOHANHOTO ChCTOsHEE Ha OnOpenmTe: 00ml OENTHK,
anOyMuH, ypes, KpeaTwH, NUKOYHA KHCeluHa, HeoTraHudeH ¢ocdop, iHonen Oamanc mHa
kpbBTa (Na, K, Cl, Ca).

ExcnepumenTute 0s1xa mpoBeeHH B HarmoHaHIS HHCTUTYT 32 PaJMONIOTHYHH H3CICBAHMS
Ha Snonust. [IpHIoKEeHUST OT HAC MPOTOKOJN 3a pa3BhiKAaHe, HaOMIOJeHUE W TPETUPaHE Ha
eKCIIepUMEHTANHUTE JKUBOTHH Oeme ymobpen ot Kommcuara 3a mojjibpkaHe Ha
EKCIIEpUMEHTANHM OJKHBOTHM Ha YHuBepcurera B UYuba, Smonmma. Ilposenenure
eKCIIEpUMEHTH 6sXa B CHOTBETCTBHE C M3MCKBaHusTa Ha ,Principles of Laboratory Animal
Care” (National Institute of Health, Bethesda, MD, USA; publication number 85-23, revised
1985) u ,,Guidelines of the Animal Investigation Committee of the National Institute of
Radiological Sciences, Japan™.

MRI npomoxon

MRI u3cnenpanusra 6sxa mposemenu ma 7T MRI (Kobelco & Jastec, Kobe, Japan) mpu
W3MO0N3BaHM Ha cnegHuTe mapamerpu: Tj-weighted incoherent gradient-echo sequence (fast
low-angle shot); repetition time = 75 ms; echo time = 3.2 ms; flip angle = 45 degrees; number
of averages = 4; scan time = 19.2 seconds; matrix = 64 x 64; slice thickness = 1.0 mm;
number of slices = 4. We selected the coronal slice orientations with a 300 x 300 x 1000 pm’
nominal voxel resolution. Ninety-six seconds after starting the MRI scan (5 images acquired
as pre-administration data), 100 pl. of carbamoyl-PROXYL (Sigma-Aldrich, St. Louis, MO,
USA; initial concentration - 100 mmol/L, in PBS, pH 7.4) or Gd-DTPA (Meglumine
Gadopentetate, Bayer HealthCare, Osaka, Japan; final concentration — 0.125 mmol/kg) was
injected via the tail vein. Ti-weighted images were acquired continuously within ~20 min.
The MRI data were analyzed using the Imagel (National Institute of Health, Bethesda, MD,
USA) software.

Mice were anesthetized by isoflurane (1.2%, Abbott Japan, Tokyo, Japan) and placed in a
body holder (Rapid Biomedical, Rimpar, Germany), stomach side down and fixed head.
Polyethylene catheter (PE-10, Becton-Dickinson, NJ, USA) was placed in the tail vein for
probe administration. The mouse was then placed in the 'H-volume radio-frequency (RF)
resonator (Bruker BioSpin) with surface RF receiver (Rapid Biomedical). Rectal temperature
of the mouse was maintained at 37.0 £ 0.5 °C using an automatic controlled electric heater

and monitored using an optical temperature probe (FOT-M and FTI-10, FISO Technology,
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Quebec, Canada). A respiration sensor (SA Instruments, Edison, NY, USA) was placed on the
chest of the mouse for monitoring. '

HenocpeacTseno mpeiy MHKEKTHPAHETO Ha KOHTPACTHOTO CPEICTBO, 0fXa HanpaBeHH IIET
KOHTpOJIHK 00pasa ¢ MOCOYEHUTE MO-Tope napaMeTpu. JuHaMuuHu, KOHTpacTHOycHIeHHu Ti-
o0pasu Osixa IOJNyYeHH TOCNEI0BATEIHO B PAMKUTE Ha ~15 MUHYTH cell HHXEKTHPaHETO Ha
KOHTpacTHOTO BerectBo. [Tonyyenure ¢yuxruponanan MRI nannu 64xa aHanu3upaHH 4pe3
ImageJ codryep (National Institute of Health, Bethesda, MD, USA). VHTeH3HTeTBT Ha
CHTHajga B ompeneneHara 3oHa Ha mHTepec (ROI) B OBOpenmre crnes MHXKEKTHPAaHETO HaA
npobara 6sxa HOpMaIU3UpaHH N0 cpenuus WHTeH3uTeT Ha MRI curmana B chimara obiact
Ipenu Ipriaragero Ha Ipobara (OBpBATE 5 aKBHU3UIMM HEIOCPEJCTBEHO IIPEIM
HHKEKTHpPAHE).

CmamucmuyecKu aHaNu3 HaA pe3yamamume

The results are expressed as mean =+ standard error (SE). Statistical analyses were conducted
with SAS System Release 8.2 (SAS Institute Inc., Cary, NC, USA). In Tables 1-3, the
comparisons between the groups were performed with Tukey’s multiple comparison test. A

value of p<0.05 was considered significant.

Pesyararn

B tabnuna 1 ca npeacraBeHy pesynraTHTe 0T OMOXMMUYHHMTE TECTOBE Ha IIazMaTa U cepyma
Ha YXMBOTHHTE, MOJUIOKEeHH Ha HopManHa juera (ND) u auera ¢ MOBHIIEHO ChABPKaHHE Ha
xonecrepon (CD). Beme perucrpupaHo 3HAYMTENHO [MOBUINABAHE Ha OOINMSA XOJECTEPON M
LDL xomectepona 'u Hamansmame Ha HDL XOJiecTepona B Ija3Mara Ha MHINKHTE,
NOJIOXKEHM Ha XOJecTepoioBa JHMeTa, KOETO € MHAMKALMSA 3a pa3sBUTHE Ha
xunepxonecrponemus. B cepyma Ha CD MmulIkdTe OsgXa perucTpUpaHy IOBHINCHM HHMBA Ha
anbyMuHa, ypedra, KpeaTHHA M NHUKOYHATA KHUCEJIMHA, KOETO € MHJIMKallMsl 3a peHaliHa

IACGHYHKITHS.

Table 1. Biochemical test of plasma and serum of mice on ND or CD.

ND mice CD mice P value
Parameter (Group 1) (Group 2)
Total plasma cholesterol, (mg/dL) | 109 +3 288 + 11 <0.001
HDL cholesterol, (mg/dL) 96 +1 58%5 <0.001
LDL cholesterol, (mg/dL) 1343 230+ 8 <0.001




Total serum protein (g/dL) 3.00+0.19 448 +0.26 Ns
Albumin (g/dL) 3.18+0.15 2.24 £ 0.05 <0.01
BUN (mg/dL) 22.62+2.16 28.05+5.15 <0.05
CRE (mg/dL) 0.18 +0.02 0.23+0.01 <0.01
UA (mg/dL) 1.60 £ 0.20 2.48 +£0.22 <0.05
Na (mEq/L) 154.00+ 1.00 | 153.75+0.96 Ns
K (mEq/L) 476 +0.53 548 £0.26 Ns
Cl (mEq/L) 112.00£1.58 | 111.75+1.50 Ns
Ca (mg/dL) 8.72+0.19 933 +£0.36 Ns
IP (mg/dL) 8.80 £ 1.55 7.78 £2.15 Ns

The results are mean+SE. ns, non-significant; n=7, n — number of mice in each experimental
group; BUN, blood urea nitrogen; CRE, creatine; UA, uric acid; IPOinorganic phosphorus;
ND, normal diet; CD, cholesterol diet; HDL, high density lipoproteins; LDL, low density

lipoproteins.

JauzuTe Ha Gurypa 1 mokassar qMHaMpKaTa Ha Hosumasane Ha MRI curnana B 6s0peruTe
Ha MUIOKH npy HrkexTupase Ha carbamoyl-PROXYL. Tlpu ND-MHIIKHTE, HHTEH3UTCTHT Ha
MRI curHana HapacTBa cliesl HEKeKTHpaHe Ha carbamoyl-PROXYL, moctura Makcumym (Io
BpeMe Ha [JIOMEpyIHaTa GUITpanus), CIel KoeTo HamaisBa (BbB (asara Ha eKCKPEIHs) 10
u3xoaHoTO HEBO (purypa 1A). Tesw mpoMeHH B HHTEH3MTETa Ha CHIHaja ce HaOiro/iaBat B
npoakokenue Ha 14 MunyTH. Bpemero, 3a koero MRI curnan »T HamangBa JBa IGTH B
CpaBHEHME C MAKCHMAJIHATA PETHCTPHPAHa aMILIMTY /1A, € OKOJIO ~4 MUHYTH.

Ipy CD-MHUNIKHTE, CUTHATHAST WHTCH3UTET Clesl HHkekTupane Ha carbamoyl-PROXYL ce
3alIa3Ba ChC CTOWHOCTHTE HA M3XOJHOTO HMBO. I[BeTHOTO wH300pakenue Ha Qurypa 1b
JIEMOHCTpHpA JMICATA Ha IMK Ha riIoMepynHa ¢miarparmus um (asa Ha CKCKpemus B

KUHETHYHATA KPHBa IIpH MHIIKUTE Ha XOJIECTCPOJIOBA THCTA.



