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BYIOXUMUHECKME TIOKASATE/IN @OCPOPHO-KAJIBLIMEBOTO OBMEHA
Y NMAUVEHTOB C XPOHUYECKOW BOJIE3HBIO MOYEK 1-5 CTAONN

M.M. Volkov

BIOCHEMICAL INDICES OF PHOSPHORUS-CALCIUM METABOLISM IN
PATIENTS WITH CHRONIC KIDNEY DISEASE OF 1-5 STAGES

1Kadhegpa nponenesTUKN BHYTPEHHUX 6onesHeli CaHKT-MeTepbyprckoro rocyaapcTBEHHOr0 MeAMLMHCKOro yHuBepcuteTa um. akag. ..
MaBnoBa, Poccus

PE®EPAT

Puck pasButusa kapamMoBacKynspHO NaTonornmn NoBbIWAaeTCca Ha paHHUX CTaANAX XPOHUYECKOn 6one3Hn noyek (XBIM) u, BO3MOX-
HO, CBAA3aH C HapyleHnem ocdOpPHO-KanbLNeBOro o6MeHa: paHHUM CHKEHMEM KOHLEeHTpaLm akTuBHOM hopmbl BUTamuHa D
- 1,25(0OH)2D (kanbunTproaa) n NOBbILLEHNEM YPOBHA NapaTropmMmoHa CbiIBOPOTKM KPOBW. B 0630pe paccmoTpeH naTtoreHes pas-
BUTWUS BTOPUYHOIO rmnepnapatnpeosa, CHUXKEHNS KOHLEeHTpaLuM KanbLuMTprnosaa cbiIBOPOTKM KPOBU. MNpuBegeHHble CO6CTBEH-
Hble flaHHble NOATBEPXAAT paHHee HapylleHne ropMoHanbHol perynauumn pocdopHo-kanbLumeBoro o6meHa (¢ 2 ctaguu XbIM).
BnepBble 06HapYXeHO, YTO KpnBasa YpoBHA dhocaTa CbiBOPOTKM nmeeT U-o06pasHyto hopmy: 3HauYeHna docaTta CHMXarTCca Ha
2-ii ctaguun XBIN n3atem 6bICTPO NoBbIWAKTCA ¢ 4 cTaguu. Mo mepe nporpeccupoBaHusa XBIM nponcxoanT yMeHblleHne 3KCKpe-
Lun Kanbuma n cocdara c Mo4oit, 06ycnoBeHHOe, BEPOSATHO, CHXKEHNEM YPOBHA KaNbLUTPUona KpoBU.

KntoueBble crioBa: xpoHuyeckas 60/1€3Hb NOYEK, BUTaAMUH D, napaTtropmoH, Kanbuunii, CpOC(*)aT, CyTOYHasaA aKckpeuuna.

ABSTRACT

The risk of development of cardiovascular pathology increases in early stages of chronic kidney disease (CKD) and probably is
connected with phosphorus-calcium metabolic disorder - an early diminution in concentration of the active form of vitamin D
- 1.25 (OH)2D (calcitriol) and a rise of parathormone serum level. Pathogenesis of secondary heperparathyroidism, adecrease
of calcitriol serum concentration is discussed in the review. The own data confirm an early disorder of hormonal regulation of
phosphorus-calcium metabolism (from the 2ndstage of CKD). Itis found for the firsttime, that the curve of phosphate serum
level has the U-shaped form, i.e. phosphate values decrease in the 2rdstage of CKD and then quickly rise from the 4thstage.
As CKD progresses there is a decrease of calcium and phosphate excretion with urine, possibly caused by a decreased

calcitriol blood level.

Keywords: chronic kidney disease, vitamin D, parathormone, calcium, phosphate, daily excretion.

XpoHuueckas 60ne3Hb noyek (XBIM) npuBoguT K
YBEIMUYEHMNIO pUCKa CepAeYHO-CoCyAMCTOoN 3aboneBa-
eMOCTU Y CMEPTHOCTU NaLMeHTOB NPU CHUXEHUN CKO-
POCTU KYH60UKOBOM (hrnbTpaummn (CK®P) no 75 Ma/mMuH,
4To cooTBeTCTBYET 2 cTaguu XBIM [1]. BO3MOXHbLIM
006bACHEHWEM 3TOMY MOTYT C/YXXWTb rOPMOHASbHbIE
HapyLLeHWs perynauum gocqopHo-KanbLmMeBoro oome-
Ha: CHWXeHue ypoBHA 1,25(0OH) -ButamuHa D un no-
BblLLEHMe 3HayeHuii napatropmoHa (MTI) cbiBOpPOT-
K1 KposK [2]. Bce 6uoxmmmyeckme nokasarenu oc-
hOpHO-KanbLMeBoro 0o6mMeHa  CBfidaHbl C
BbI)KMBAEMOCTbIO NaLUMEHTOB. Y 60/bHbIX ¢ XBI1 1-5
CT. NOKa3aHOo He6NaronpuATHOE BANSHUE Ha BbDKMBA-
emMOoCTb runepnapaTpeosa [3] v NO3UTUBHbIN 3hheKT
Tepanuu npenapatamMy ButammHa D [4]. Y 60MbHbIX
¢ XBIM 54 ct., nonyvatowmx remogmanus (FAQ), cmep-
THOCTb YBE/IMUMNBAETCA NPU BbICOKMX 3HAYEHUAX (hOC-
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thata (P), npousBeseHuna kanbuuii-gpocthat (Ca x P)
[5, 6], obLeit WwenoyHoit octaTasbl [7], KOHLUEHTpa-
umm NTI [6], HM3KOM ypoBHe BUTaMuHa D [8] cbiBoO-
POTKU KPOBU.

BaxKHyt0 posib B (hOCHOPHO-Ka/bLIMEBOM 0OMEHE
nrpaeT akTmBHaa hopma ButammHa D - 1,25(0OH) D,
Kanbuutpuon (KT) nam D-ropmoH. OH obpasyeTcs B
MOYeYHbIX MPOKCUMaSbHBIX KaHanbuax u3 25(0H)D
nnn kansumgmona (KA4) nytem la-rmapokcmMnnpoBa-
Hua [9, 10]. AKTUBHOCTb (hepmeHTa la-rmapokcuna-
3a perynupyetca yposHamu MNTI, P n KT nnasmbl.
MoBblweHHas KoHUeHTpauua MTE n runogochatemms
CTUMYNUPYIOT 3TOT (hePMEHT M NOBLILLAKT NPOAYK-
umto KT [9, 11]. OdeiicTBys yepe3 BbiCOKOCMELM(UNY-
HbIA peuenTop BuTammHa D (PBA), npucyTCTBYHOLLWIA
BO MHOrux TKaHax, KT CBA3bIBaeTCsA C BHYTpUKIe-
TOYHbIMU PeLenTopamy OpraHoB-MULLEHER 1 perynu-
pyeT TpaHCKpunumto reHoB [12]. OCHOBHbIe 3 (eKTbI
D-ropMoHa cocToAT B MOBbILLIEHUN BCacbiBaHMS Ca 1
P B TOHKO# KuLuke [13], TopMoxkeHumn cekpeuun MTT,
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HEeKOTOpPOM ycuneHun peabeopbumm Ca u P B noyeu-
HbIX KaHa/bLlax, YCKOPEHUN MUHEPIN3ALLMN KOCTER 1
pe3opbumm 13 HUX Ca. K[ urpaet He MeHee BaXKHYHO
ponb, Yem KT, Tak Kak MHOrMe TKaHW 061afatoT cob-
CTBEHHON la-rMapOKCUIA3HON aKTUBHOCTLIO U CMo-
co6Hbl npeBpawate KA B KT and co6CTBEHHbIX MO-
Tpe6HOCTel (ayTOKpUHHAA (hyHKLUA BUTaMUHa D).
YpoBeHb KT CHUMXaeTca y)Ke Ha paHHUX cTagusax
XBIM. B KpynHoMm nonynsunoHHOM MccnefoBaHuu,
BKNtoYaBwem 1814 naumeHTtoB ¢ XBI1, HU3KKiIA ypo-
BeHb KT 6bin 06HapyxeH y 13% nauuneHtoB ¢ CK®P
6onee 80 mn/MuH 1y 60% naymeHToB ¢ CK® Hmxe 30
MA/MUH [2]. 9TO 06YyCNOBNEHO CHUXEHWEM Macchl
(hYHKLUMOHMPYIOLLMX HE(POHOB, runepgocdareMueit, a
TaKXXe BO3MOXHbIM Aetmuntom K[, - npefLiecTBeH-
HukKa KT. TopmoxeHue cuHTe3a KT MOXeT ObITb CBS-
3aHO C NOBbILLIEHHON BHYTPUKIETOYHOWN KOHLLEHTpaLu-
el P [14] v neperpy3Koi KNeToK NpOKCUMasIbHbIX 13-
BMTbIX KaHa/bLeB no4yek gochatoMm. BmecTe ¢ Tewm,
CHWXeHue ypoBHA KT 1 nosbliweHune MTIT BOSMOXHO
1 Npu HOpMaJibHOM ypoBHe P nna3mbl [11]. KoHUeHT-
pauna KT ymeHbLIaeTCsA y NauneHTOB C BbICOKOM Npo-
TeUHypUeld, YTO CBA3aHO CO CHMXXeHWeM YpoBHs K/
[15] B pe3ynbTaTe 3HauUUTE/ILHOM NOTEPU BUTaMUH D-
cBsi3biBatoLLero 6enka ¢ Moyoii [16]. Cessb mexay
BE/IMUMHON NPOTENHYpUM 1 ypoBHeM KT MOXHO 00bsiC-
HWUTb Y @aHTUNPOTEUHYPUYECKUM 3PPEKTOM NocneiHe-
ro, NPUHYMas BO BHUMaHWe CBEAEHUS O CHUXKEHWU
NPOTEUHYPUU NPU Tepanuu akTUBHLIMU POPMamu BU-
TamuHa D nayuneHTtoB ¢ XbI1 3-4 cTaguid [17].
MMnepnapaTpeos ABASAETCA TUMNUYHBLIM NPOSIBIe-
Hvem XBI. Cekpeuuto MTI CTUMYNMPYIOT rMNOKasb-
uvemmns, HU3KNUA ypoeeHb KT u runepdgoctharemus
[18]. ATl cHwKaeT ypoBeHb P KpoBM 3a CUET YMEHb-
LLUEHWS ero peabcopbunn B MPOKCUMASIbHbIX U3BUTbIX
MOYEYHbIX KaHaNbLax 1 yBEIMYEHUA IKCKPETUPYEMOI
(hpakymn. MosblweHne Ca KPoBM [OCTUrAETCs ycu-
NeHveM ero pe3opoLumn 13 KOCTeld, a Takxe CTUMYnNs-
umein cnHTesa KT 1 NOBbILEHWEM BCeACTBUE 3TOrO
BcacbiBaHMs Ca B KulleyHuke. B3aumopeiictene KT
c PBJ, kneTok napawmtoBuaHbix xenes (MLXK) npu-
BOAMUT K 3HAUUTE/IbHOMY CHWDKEHWMIO TPaHCKpUMLuu
reda MTE [19] 1 ymeHblUeHUIO ero cekpeumu. Mo-
aTomy nageHue yposHs KT kposu npu XBI cnoco6-
CTBYET MoBbILLEHUNIO YPOBHA MTI [20]. BaxHyto ponb
B MatoreHese runepnaparvpeosa UrpaeT CHUXeHue
akcnpeccumn PBL, knetok MWK [21], uto npuBoAWT
K He06Xx0AMMOCTU 60nee BbICOKUX KOHLEeHTpaumnin KT
4na nogasneHns npogykuun MTI. MexaHW3M NoBbI-
WweHuns yposHa MTI nog BnusHuemM runepgocgaremmm
He BMOJHE ACEH N MOXET ObITb 06YCNOBEH CHUXEHW-
eM ypoBHSA KT, uTo, B KOHEYHOM UTOre, Bbi3blBaeT POCT
MTI cbiBOpOTKM KpoBK [11]. OgHako runepnapaTupe-
03 MOXET pas3BuBaThCsA N 06e3 N3MEHEHWIA ypoBHeN Ca
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n KT cbiBOPOTKU [22], 4TO NO3BONSET Mpeanonaratb
npsmoe BanaHue P Ha MK, Mo gaHHbIM 3Kcnepu-
MeHTaNbHbIX UccnefoBaHuiA, aneTa, 6oratas ocga-
TOM, ycunmeaeT [23, 11], a ero orpaHn4eHHOe NoOTpe6-
NleHne NpeaoTBpaLLaeT NoBbILeHMe YpoBHaA IMTT, npu-
4yeM He3aBMCUMO OT KOHLeHTpaumii Caun KT cbIBOPOTKY
KpoBu [24]. Mo gaHHbLIM psfa uccnefoBaHuid, pocT ypoB-
HA [T oTMeyaeTcsa Npu pasnnyHbIX 3Ha4YeHNAX CKP:
40 ma/MuH [25], 45 ma/MuH [2] n 60 ma/MuH [26]. MTE
YCUIMBAET 3KCKpeuuto P ¢ MoYoi, 6nokmpys ero pe-
abcopbumnio B NPOKCUMa/IbHbIX KaHanbLaxX, BPEMEHHO
NoLAEPXMBas ero HOPMasibHYH0 KOHLEHTPAUUIO B Cbl-
BOpoTKe [12, 27]. Mpn ganbHenwem cHmkeHun CKP
3KcKpeuus P gocTuraeT MakCUMyMa, U ero KOHLEHT-
pauus B CbIBOPOTKE KPOBU HAYMHAET NoBbILLaThes. [u-
nepdocdaremms pasBmMBaeTcs, No pa3HbIM AaHHbIM, MPK
nageHun CK® o 20-25 ma/mMuH [13], 40 ma/MuH [2] v
50-60 mn/MuH [26].

Mmnokansumnemus npu XbIM 06bI4HO onpefenseT-
CA TO/MbKO Ha NO34HUX cTagusx [2, 26], npu CK® Hunxe
40 mna/MuH [2]. Ee npuymHammn SBNAKOTCA: CHUKEHNE
ypoBHA KT, npuBoasLlee K YMEHbLUIEHUIO BCacblBa-
HYs Ca B KMLLEUYHMKE 1 ero pe3opbunn n3 KocTel, aK-
CTpaBacKynapHas KasbLnpukaLus, 06ycnoBieHHas ru-
nepdgocdaTtemmein [28], cHmkeHne akcnpeccun Ca-4ys-
CTBUTE/bHBIX peLenTopos MLLK Ha no3gHMX cCTagnax
XBIM [29], a TakKe pe3nCTEHTHOCTb CKefeTa K Kasib-
uvemuyeckomy gerictemo MTT.

[na n3yyeHms hochopHo-KanbLMeBoro obMeHa n
ero ropMoHasIbHON perynsaumm Hammn 6binm 06cneano-
BaHbl 465 nauyueHToB ¢ XBI1 1-5 cT. cpefHero Bo3spa-
cta 52,2+15,5 ner, 43,4% My>X4YuH. YpoBeHb MTI Cbl-
BOPOTKM NOBbILIANACS MO Mepe MporpeccupoBaHus
XBM (F=39,2; pnowe<0,001), HaunHas co 2 ctagum (No
cpaBHeHuto ¢ 1 ctagueid p=0,013). CHWXeHne usmo-
NOrNYECKN aKTUBHOMO MOHU3MPOBaHHOro Ca oTMeuYe-
HO NnWb Ha 5 cTagun (No cpasHeHuto ¢ 4 p=0,031).
CyTo4Hasa akckpeums Ca 3HauMTeIbHO CHUXKanach Mo
Mepe HapacTaHusa Tsaxectun XBIM (F=17,9; paoa
<0,001). SkckpeTupyemas dpakumsa Ca nmena TeH-
[EeHUMIO K NOBbILLEHNIO HA 4 CTaguu N0 CPaBHEHUIO C
3 (p=0,053) n pe3ko Bo3pacTana Ha 5 ctagum XBI
(no cpaBHeHuto ¢ 4 p<0,001).

KpuBasi ypoBHS P CbIBOPOTKM KPOBU Ha pasHbIX CTa-
anax XbIM umena U-o6pasHyto gopmy: P cHuxancs
Ha 2 cTagum no oTHowweHuto K 1 (p<0,001) n HaumHan
MoBbIWATLCS TOMLKO € 4 ctagum (F=56,0; pnowe<0,001).
CyTo4Haa aKckpeums P ¢ modoit cHukanacb ¢ 4 cTa-
ann XBIM (F=9,7; prmoa<0,001). 3KckpeTupyemast (hpak-
ums P 6bICTpO yBenmumBanach yxe co 2 cragum XBI
(no cpaBHeHuto ¢ 1 cTaameid p=0,001).

YposeHb KT CbIBOPOTKW Majan no mepe nporpec-
cuposaHua XbIM (F=3,2; pnowa=0,018). 3HaveHus K/
ocTaBa/UCb CTabuNbHbIMK Ha Bcex ctagusax XbIl
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(F=0,3; Papa=0.9), HO UMeNN 3HaUMTENbHbIE CE30H-
Hble KonebaHus. Y naumeHToB, 06Cnef0BaHHbIX B MNe-
pyoj anpefib-UiOHb, OHN 0Ka3a/UCb 3HAUYNTENIbHO
HWXe, YeM B CeHTA6pe-aekabpe (p=0,002).

Mo pe3ynbTataM MHOXECTBEHHOI0 PerpeccuoH-
HOro aHanusa yposeHb MTI 6bin Bbille Y NALMEHTOB
(R2=0,34; F=31,6; p<0,001): C HU3KNMMN 3HAYEHUAMU
CK® (t=-6,70;p<0,001), Ca (t=-1,96;p=0,051), 60nee
BbICOKVM YpoBHeM P kposu (t=2,42; p=0,017). KT cbl-
BOPOTKW KPOBW 6OblN1 Bbilwe y nauueHToB (R2=0,22;
F=12,7; p<0,001): c 6onee BbICOKOW CYTOUYHON 3KC-
Kpeuwuei ¢ moyoii Ca (t=4,07; p<0,001) n P (t=1,79;
p=0,077). Kpome TOro, BenuunHa KT 3aBucena
(R2=0,18; F=10,0; p<0,001): ot CK® (t=3,40; p=0,001)
n ot 3HadeHmn K[, (t=1,86; p=0,067). BbisBneHa 06-
paTHas cBA3b YPOBHSA KT ¢ CYyTOYHOIN NpoTenHypueli
(Rs=-0,27; p=0,010).

Mogsogs utor, cnefyet OTMETUTb, YTO, MO AaH-
HbIM NNTEPaTypbl U MO HalIMM CBEAEHUAM, MOBbILLe-
Hue ypoBHA TTI 1 cHMXeHne KT CbIBOPOTKU KPOBU
NPOUCXOAUT Ha paHHUX cTaguax XbIN. Hamu Bnepsble
06Hapy»XeHO noBbileHMe ypoBHA MTI yXxe Ha 2 cTa-
o XBM (npu cHkeHun CK® meHee 90 MA/MUH).
"eHe3 pa3BUTUA runepnapaTmMpeosa MHOroPaKTopHbIiM,
HO, MO-BMAMMOMY, OMPeensowyo posib UrpalT Ha-
pyLleHns obmeHa P. Mbl BriepBble 06HapYXWu, 4YTo
YPOBeHb P TPaH3UTOPHO CHWXKaeTcs Ha 2 ctagum XbI1
3a CYET MOBbILLEHMS KOHUeHTpaumu MTT, a 3aTem Obl-
CTpO HapacTaeT (KpuBasi docata Kposu nveet U-06-
pasHyto thopmy). Mo mepe nporpeccupoBaHus XbIM npo-
NCXOAUT yMeHbLUeHMe aKkekpeumn Can P ¢ Mo4old, obyc-
JTOBNIEHHOE, BEPOATHO, CHMXKEHMEM YPOoBHA KT Kposu.

BUBMINOTPA®UYECKUNI CMNCOK

1. Vanholder R, Massy Z, Argiles A. et al. Chronic kidney
disease as cause of cardiovascular morbidity and mortality.
Nephrol Dial Transplant 2005; 20(6):1048-1056

2. Levin A, Bakris GL, Molitch M et al. Prevalence of abnormal
serum vitamin D, PTH, calcium, and phosphorus in patients
with chronic kidney disease: results of the study to evaluate
early kidney disease. Kid Int 2007;71:31-38

3. Kovesdy CP, Ahmadzadeh S, Anderson JE, Kalantar-
Zadeh K. Secondary hyperparathyroidism is associated with
higher mortality in men with moderate to severe chronic kidney
disease. Kidney Int 2008;73(11):1296-1302

4. Kovesdy CP, Kalantar-Zadeh K. Vitamin D receptor
activation and survival in chronic kidney disease. Kidney Int
2008;73(12):1355-1363

5. Block GA, Hulbert-Shearon TE, Levin NW, Port FK.
Association of serum phosphorus and calcium x phosphate
product with mortality risk in chronic hemodialysis patients: a
national study. Am J Kidney Dis 1998; 31(4):607-617

6. Ganesh SK, Hulbert-Shearon T, Port FK et al. Mortality
differences by dialysis modality among incident ESRD patients
with and without coronary artery disease. Am J Soc Nephrol
2003; 14:415-424

7. Blayney MJ, Pisoni RL, Bragg-Gresham JL et al. High
alkaline phosphatase levels in hemodialysis patients are
associated with higher risk of hospitalization and death. Kidney
Int 2008;74(5):655-663

8. Wolf M, Shah A, Gutierrez O et al. Vitamin D levels and

early mortality among incident hemodialysis patients. Kidney
Int2007;72(8):1004-1013

9. Reichel H, Koeffler HP, Norman AW. The role of the vitamin
D endocrine system in health and disease. N Engl J Med
1989;320(15):980-991

10. Kawashima H, Torikai S, Kurokawa K. Localization of 25-
hydroxyvitamin D3 1 alpha-hydroxylase and 24-hydroxylase along
the rat nephron. Proc NatlAcad Sci USA 1981;78(2):1199-1203

11. Portale AA, Booth BE, Halloran BP, Morris RC Jr. Effect
of dietary phosphorus on circulating concentrations of 1,25-
dihydroxyvitamin D and immunoreactive parathyroid hormone
in children with moderate renal insufficiency. J Clin Invest
1984;73(6):1580-1589

12. Lowe KE, Maiyar AC, Norman AW. Vitamin D-mediated
gene expression. Crit Rev Eukaryot Gene Expr 1992;2(1):65-109

13. EpmoneHko BM. ®ocopHO-KanbLmeBbli 06MeEH 1 noy-
kn. B: TapeeBa VIE (pepn.) Hedpponorua: PykoBoacTBo Ana Bpa-
yeli. M: MeguuymHa, 2000; 62-75

14. Llach F Massry SG. On the mechanism of secondary
hyperparathyroidism in moderate renal insufficiency. J Clin
Endocrinol Metab 1985;61(4):601-606

15. Goldstein DA, Oda Y, Kurokawa K, Massry SG. Blood
levels of 25-hydroxyvitamin D in nephrotic syndrome. Studies
in 26 patients. Ann Intern Med 1977;87(6):664-667

16. Barragry JM, France MW, Carter ND et al. Vitamin-D
metabolism in nephrotic syndrome. Lancet 1977;2(8039):629-632

17. Agarwal R, Acharya M, Tian J, Hippensteel RL et al.
Antiproteinuric effect of oral paricalcitol in chronic kidney
disease. Kidney Int 2005;68(6):2823-2828

18. Silver J, Yalcindag C, Sela-Brown A et al. Regulation of
the parathyroid hormone gene by vitamin D, calcium and
phosphate. Kidney Int Suppl 1999;73:S2-S7

19. Silver J, Naveh-Many T, Mayer H et al. Regulation by
vitamin D metabolites of parathyroid hormone gene transcription
in vivo in the rat. J Clin Invest 1986;78(5):1296-1301

20. Cantley LK, Russell J, Lettieri D, Sherwood LM. 1,25-
Dihydroxyvitamin D3 suppresses parathyroid hormone secretion
from bovine parathyroid cells in tissue culture. Endocrinology
1985;117(5):2114-2119

21. Fukuda N, Tanaka H, Tominaga Y et al. Decreased 1,25-
dihydroxyvitamin D3 receptor density is associated with a more
severe form of parathyroid hyperplasia in chronic uremic
patients. J Clin Invest 1993;92(3):1436-1443

22. Fine A, Cox D, Fontaine B. Elevation of serum phosphate
affects parathyroid hormone levels in only 50% of hemodialysis
patients, which is unrelated to changes in serum calcium. J Am
Soc Nephrol 1993;3(12):1947-1953

23. Slatopolsky E, Finch J, Denda M et al. Phosphorus
restriction prevents parathyroid gland growth. High phosphorus
directly stimulates PTH secretion in vitro. J Clin Invest 1996;
97(11):2534-2540

24. Lopez-Hilker S, Dusso AS, Rapp NS et al. Phosphorus
restriction reverses hyperparathyroidism in uremia independent
of changes in calcium and calcitriol. Am J Physiol 1990;259(3
Pt 2):F432-F437

25. Arnaud CD. Hyperparathyroidism and renal failure.
Kidney Int 1973;4(2):89-95

26. Hsu CY, Chertow GM. Elevations of serum phosphorus
and potassium in mild to moderate chronic renal insufficiency.
Nephrol Dial Transplant 2002;17(8):1419-1425

27. Bricker NS. On the pathogenesis of the uremic state.
An exposition of the «trade-off hypothesis». N EnglJ Med 1972;
286(20):1093-1099

28. Eisenberg B, Tzamaloukas AH, Murata GH et al. Factors
affecting bone mineral density in elderly men receiving chronic
in-center hemodialysis. Clin Nucl Med 1991;16(1):30-36

29. Brown AJ, Ritter CS, Finch JL, Slatopolsky EA.
Decreased calcium-sensing receptor expression in
hyperplastic parathyroid glands of uremic rats: role of dietary
phosphate. Kidney Int 1999;55(4):1284-1292

Moctynuna B pegakuymto 18.06.2009 r.
MpuHaTa B nevatb 13.07.2009 r.

51



