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[lodemMy 3TO BaXXHO

XbIl'1- 6eccrnopHbIn hakTop pucka cepae4Ho-cocyancTomn
rneTanbHOCTU, MPU KOTOPON 0OLLENONYNALMOHHbLIE
cepaeyYHO-CoCyanCThbIie daKTopbl pUcka TEPAKOT CBOKO
3HA4YMMOCTb

[Tpn XBI1 nponcxoanTt akkymynaums TOKCMYECKUX BELLECTB,
0N KOTOPbIX AOKa3aHa CBA3b C BOCNaJIEHUEM,
OKCUAOATUBHbLIM CTPEeCcCcOoM, KanbLndukaumen cocyaos,
nopaxeHnem aHO40TeNns, NOBbILLEHNEM PUCKa OOLLEN U
cepaevyHO-COoCyaNCTOMN NeTanbHOCTU

NoeHTndonkaums ypeMmmyecknx TOKCMHOB U pa3paboTka
CNocob0oB NX ANUMMUHALMKN — BaXXHbI CNOCO6 NOBbLILLIEHNS
BbIXKMBAEMOCTH

npaKTVI‘-IECKaFI CTOpPOHa BONnpoca "HTepPpBeHLUNOHHbLIX
BMellaTernbCTB B OTHOWEeHUN ypeMmn4ieCKnx TOKCMHOB
pa3BuBaeTCcAd oO4YeHb mearfieHHoO



[1TnaH

1. lMpoayKTbl pETEHLMN MEXaHN3MBbI
HaKoMneHus, onpeaerneHne ypemMm4eckmnx
TOKCUHOB

2. Knaccundukaumsa n ocobeHHoCTH
ANMMMUHaLUNN



NMPOAYKTblI PETEHLNU -
MECTO U ONPEOEJNNEHUNE
YPEMUYECKUX TOKCUHOB,
MEXAHU3Mbl HAKOIMJIEHUA



MecTo ypemMnieckmx TOKCMHOB Cpean NPOAYKTOB,
HakannmBarLMUXCA NPU HapyLLEeHUN QYHKL MK
NOYKM

[MpoaoyKThbl peTeHUnn

HeT noka3atenbCcTB
NPUYNHHO-
CreaCTBEHHOU CBSA3U C
YpeMMNYeCKon
CUMNTOMATUKOU

NmeeTcs
aokasaTenbcTBa CBA3U
C YpeEMUYECKOU
CUMNTOMAaTUKOU

Ynan-Yas 2013



OnpepeneHne Massry/Koch (1977)

1.  XUMUYEeCcKne CBOMCTBA TOKCUHA OOMKHbI ObIThb
NAeHTUPOULMPOBaHbI 1 ONUCaHbI

2.  VmeeTtcs BO3MOXXHOCTb KONMMYECTBEHHOMO aHanmn3a
3. YpOBEeHb MOBBLILLIEH NPU YpEMUU

4. BbiaBnalTCA OTHOLLEHNS MeXOY YPOBHEM TOKCMHA B
OMONOrnMYecKknx XXMOKocTax ¢ ogHUm unm donee
NPOSABEHUSMN YPEMUU

5. YMeHblueHne ypoBHSA TOKCMHA B OMONOrnMYeCcKmX XKXnaKkoCTaX
COMPOBOXOAETCH YMEHbLLUEHMEM NPOSIBIEHUI YPEMUU

6. BBeneHue ToKCUHa NpMBOASLLEE K CONMOCTAaBUMbIM NPU
YPEMUN YPOBHAM [JOIMKHO BOCMPON3BOAUTD
COOTBETCTBYHOLIME YPEMUYECKMNE NPOSIBIIEHNS Y
HOpMarbHbIX NTaboOPaTOPHbIX XKMBOTHbIX UMW YENOBEKA |
AEeMOHCTPaLNSA TOKCUYHOCTH in vitro — HEAOCTaTOYHbIN

K&RMIF B RYMHEpeyrcrieHHbIX NYHKTOB NPEACTABNSIET KOHKPETHYIO HAY4YHO-
NpaKTU4eCcKyo Npobrnemy, Kak No OTHOLUEHUIO K OTAEeNbHbIM NPOoAYKTaM PETEHLINN,
Tak 1 B 00LLIEN METOAONOIMN N3YyYEeHUS] YPEMUYECKUX TOKCUHOB



HeoaHOPOAHOCTb B JAHHbIX O KOHLIEHTpaUMsIX — Kak
oLeHMBaTb MPOAYKTbI PETEHUNIN, ECIN MO AAHHbLIM
nutepaTypbl BapnabenbHOCTb UX KOHLIEHTPAaLMK MOXET
KpaTHOW AecATKamM UMn COTHSAM

Molecular weight H L H/L
Pentosidine” (mg/L) 342 896 0.2 4112
TNF-o*® (ng/L) 26000 1419 49 289.6
Interleukin-1p* (ng/L) 32000 428 2.6 164.6
Cholecystokinin” (ng/L) 3866 526 6.7 785
Taurocyamine® (g/L) 174 6000 78.3 76.6
y-Guanidinobutyrate® (ug/L) 145 400 10.1 39.6
Neuropeptide Y (ng/L) 427 862.9 25.2 34.2
3-Deoxyglucosone” (ug/L) 162 1700 59 288

H Highest reported concentration; L lowest reported concentration; H/L ratio of highest over lowest concentration; TNF tumor necrosis factor
* Protein-bound

® Middle molecule

¢ Guanidino compound

N3yuyeHo 378 nybnukaumin B OTHOLLIEHNW 78 NPOAYKTOB PETEHLIMN, N3YYEHO
COOTHOLLIEHMNE MEXAY MaKCUMarbHbIM U MUHUManbHbIM 3Ha4YeHNAMU (H/L),

B rpynny rae 3T1o COOTHOLWEeHMe MeHbLue 3 BOLWWO 33 NpoAyKTa, oT 3 A0 8,5 —
20 n 6onbLe 8,5 — 25 NpoayKTOB peTeHLUMN.

YnaH-Yas 2013 Meert et al, Artif Org, 31, 600-611, 2007



PacuyeTHbIt CK® —HeHaaeXHbIn NpeankTop
YPOBHSA YpEMMNYECKNX TOKCUHOB
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Figure 1. | Coefficient of determination (R’) of the linear regression analysis for different natural logarithmic uremic retention solute
concentrations (total and free concentrations) as a function of the eGFR as calculated according to Stevens et al. (8). The limits of R* = 0.4
and 0.2 are indicated as dashed lines. The association between eGFR and the natural logarithm of uremic retention solutes was significar
(P < 0.05), except for total CMPF.

[MpeankTnBHbIN ypoBeHb CK® B OTHOLLEHMN pada BaXKHbIX TOKCMHOB MEHbLLE
50%

YnaH-Yns 2013 Eloot et al. Clin J Am Soc Nephrol 6: 1266 —1273, June, 2011



MexaHn3mbl 06pa3oBaHMA NPOOYKTOB
PETEHLMN N YPEMUYECKUX TOKCUHOB

Obpa3oBaHune
NPOAYKTOB
peTeHLnm

HakonneHue B HakonneHwve B Makonnenme
pesynerarte [NoBbILLEHHbIN pesynerarte MPOMEXKYTOHHBI
HapyLUEHUS CUHTE3 Unun HapyLUEHNS Xongﬁgﬁ'gg -
BbiBeOEHUS CHWXEeHHas BblBeEHUS pesynLTaTe

3HOOTEHHbIX yTunmaaums 3K30TeHHbIX HAPYLLEHMS X
cybcTtaHumn cybcTaHumn MeTabonmama

B paae cnydyaeB HaKorjieHne ypemMmmyeCcknx TOokKCMHOB CBA3aHO HE C TEM, YTO CTpadaeT
BblOAENNTEITbHAA beHKLI,I/IFI NOYKM, a C TEM, YTO HaKaNIMBaKTCA METAbONUTHI, KOTOpPbIE

NnoYyka gaxke rnpu OTHOCUTENbLHO coxeam;of/'l CK® He B COCTOSAHMN SNUMNUHNPOBATb
naH-Yas 2013



Bknag pasnun4yHbiX opraHoB TkaHeun B VIMT n ocHoOBHOW
obmeH
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OpraHbl C BbICOKMM YPOBHEM MeTabonuama (cepaue, Moasr,
neyeHb, MOYKMU, cene3eHKa N KULLEeYHUK

SR Sarkaret al. Kidney International(2006) 70, 1832—-1839

KoHUeHTpauuns ypeMnyecknx TOKCUMHOB 3aBUCUT OT YAernbHOro Beca U akTUBHOCTU
OpraHoB C BbICOKMM YpOBHEM MeTabornmama, no mepe HapactaHus UMT umx
yOenbHbIN BEC CHUXKAETCS, a 3HAYNTMOMHO OXKNOATb N CHUXKEHUS KOHLIEHTpauumn
vDhemMmmuudeCcCKNX TOKCNHOR



KpaTHOCTb M3MeHeHUsA ypeMnyeckmnx TokcuHoB npu XbI
5 1, XbI' 5 [1 nocne KONOH3KTOMWUM MO CPaBHEHUIO CO
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2011



MeTabonnTbl, KOHUEHTPAaUNA KOTOPbIX
NOBbILLAETCA Noche remoanannisa (AnanmsHble
TOKCUHbI?)

Percent Change with

Metabolite 7 0 P for Percent Change Catabolic Pathway
Hemodialysis

Thyroxine 27 =0.0001
Erythrose-4-phosphate 85 =0.0001 Pentose phosphate
Guanosine 60 =0.0001 Nucleotide
Xanthine 34 =0.0001 Nucleotide
Glyceraldehyde 31 =0.0001 Glycolysis
2-Deoxyuridine 15 0.0021 Nucleotide
Glycerol 13 0.0089 Lipolysis
Uridine 21 0.010 Nucleotide
Deoxycholate 14 0.015
Glycochenodeoxycholate 53 0.051
Taurochenodeoxycholate 31 0.051
Acetoacetate 28 0.058 Ketosis
Pyruvate 15 0.076 Glycolysis
Adenosine diphosphate 32 0.33 Nucleotide
Lactate 16 0.33 Glycolysis
Nicotinamide adenine dinucleotide 30 0.82
Glycocholate 13 0.98

Bo BpeMA Anarnn3a MOXET aKTUBNUPOBATbCA pPAa KaTabonnyeckunx
npoueccoB, BKITKOYAaOLWNX MNKOnns3, nnrnorna, pa3pyweHmne HykKneotmnaos

Eugene P. Rhee et al. J Am Soc Nephrol 21: 1041-1051, 2010



BbiBOAObI

* CHmxeHne CKO, 3agepxKa ypeMn4yeckmnx
TOKCUHOB W UX reHepauunsa He Bceraga TECHO
B3aMMOCBSA3aHHbIE NPOLECCH

« ObpasoBaHme ypeMn4eckmnx TOKCUHOB
MMEET MHOAMBUAYaNbHYO BapmnabenbHOCTb

* C y4yeTOM pa3sHbIX MEXaHN3MOB
NOBbILLIEHUA KOHLIEHTPaLUUN YPEMUNYECKNX
TOKCMHOB METOAbl X CHUXKEHUS HE
OOMKHbI CBOAUTLCSA TOMNBKO K BOMNPOCY
NOBbILLEHNS UX KITMPEHCA



KNIACCUOUKALINA U
OCOBEHHOCTW
SJIMMNHALINA
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Small water-soluble compounds

Protein-bound compounds

Middle molecules

Listed in the 2003 review by EUTox [5]
1-Methyladenosine
1-Methylguanosine
1-Methylinosine
ADMA
a-keto-8-Guanidinovaleriate
a-N-Acetylarginine
Arabinitol
Argininic acid
Benzylalcohol
3-Guanidinopropionate
Creatine
Creatinine
Cytidine
Dimethylglycine
Erythritol
Y-Guanidinobutyrate
Guanidine
Guanidinoacetate
Guanidinosuccinate
Hypoxanthine
Malondialdehyde
Mannitol
Methylguanidine
Myoinositol
N N*-Dimethylguanosine
N*-Acetylcytidine
N°-Methyladenosine
N®-Threonylcarbamoyladenosine
Orotic acid
Orotidine
Oxalate
Phenylacetylglutamine
Pseudouridine
SDMA
Sorbitol
Taurocyamine
Threitol
Thymine
Uracil
Urea
Uric acid
Uridine
Xanthine
Xanthosine

2-Methoxyresorcinol
3-Deoxyglucosone
CMPF
Fructoselysine
Glyoxal

Hippuric acid
Homocysteine
Hydroquinone
Indole-3-acetate
Indoxy! sulfate
Kinurenine
Kinurenic acid
Melatonin
Methylglyoxal
N¢-Carboxymethyllysine
p-Cresol”
Pentosidine
Phenol
p-OHhippurate
Putrescine
Quinolinic acid
Spermidine
Spermine

Adrenomedullin

Atrial natriuretic peptide
32-Microglobulin
{3-Endorphin
[B-Lipotropin
Cholecystokinin

Clara cell protein
Complement factor D
Cystatin C

DIP I

8-Sleep-inducing peptide
Endothelin

Hyaluronic acid
Interleukin-13°
Interleukin-6"

k-Ig Light chain

A-lg Light chain

Leptin®
Methionine-enkephalin
Neuropeptide Y
Parathyroid hormone
Retinol binding protein®
Tumor necrosis factor-oc”

YnaH-Yns 2013

[lepeyeHb NpoayKToB
peTeHUnn cornacHo

NaHHbIX 2003 1



EUToX Uremic Solutes Detabease
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Knaccugpukaumns

B ocHOoBe b13NKO-XMMMNYECKNE CBOUCTBA
COMpPsPKEHHbIE C MEXaHU3MaMW yaarneHusa Bo
BpeEMS Ananusa, T.e. pa3Mep 1 CnoCoODHOCTL
CBS3bIBaTbCA C benkamu:

1.  HunskomonekynsapHblie TOKCUHBI (00 500 [a)

2. CpeoHemMoneKkynapHblie TOKCUHbI (bonbLue 500
Ha)

3. TOKCcUHbI cBA3aHHbIe ¢ berkom (pa3mep pasHbii)

[ToMmnMo 3TOro cnenyer BblAennTb HeEOPraHN4Yeckne
TOKCUHbI: BOAa, Kanun, gocdop, HaTpuu,
KanbLumn, BOOOpOa



HU3KOMOIJIEKYNNAPHbDIE
TOKCUHDbI



aMmeHeHne KoHUeHTpauuu manbix monekyn (RR)

BO BPpeEMA npouenypbl Anarinda 3aBUCUT OT:
1. MonekynsapHOUu Mmacchbl
2. KoHUeHTpauuu BelwlecTBa

Table 4. Molecular weight (MW), reduction ratio (RR), corrected reduction ratio (RR¢r), and the concentration decline in the nonperfused
compartment (delta SCp.(r) for the different compounds

Compound MW Da Ci_pre wmol/L Ci_post umol/L C1 sopost wmol/L RR % RR.x % delta SCaey %
Urea 60 24 + 92 6.1 + 2.6 8.0 + 3.3 75+ 4 67 + 4 65+ 7
CTN 113 1015 + 286 312 493 427+ 138 69 + 4 58 + 6P 554+ 3b
CT 131 50 + 42 24 + 14 35422 59 4+ 12b 42 + 16° 52428
GSA 175 120+ 4.4 21409 284+1.1 82 4 5b 76 + 6P 73+ 4b
GAA 117 1.7 406 0.8 4+ 0.1 1.1+£02 53 4+ 12b 37 + 14b 34 + 15
G 59 1.84+0.3 0.8 +0.1 1.0+02 56 4+ 6° 43+ 7° 41 + 8>
MG 73 37420 0.2 +0.1 23414 554+ 8b 42 + 12b 40 + 120

Abbreviations are: Cy .. predialysis plasma concentration: Cy_p.q. postdialysis plasma concentration: Cy 4o, plasma concentration 60 minutes after dialysis:
CTN, creatinine: CT, creatine: GS A, guanidinosuccinic acid; GAA, guanidinoacetic acid; G, guanidine: MG, methylguanidine.

“Urea concentration in mmol/L.

PP < 0.05 compared to urea.

Eloot and Torremans et al: Kidney International, Vol. 67 (2005), pp. 1566-1575
YnaH-Yns 2013



aMeHeHne KoOHUEeHTpaLunm MmanbiX MOJIEKYI

(RR) BO Bpem4a npouenypbl gnanunia 3aBucuT
OT:

3. O6bema pacnpepeneHus
4. MeXXTKaHeBOro KnmpeHca

2 100; 300 -1200
3 250 1000
5 < )
S § W
S 40, g 200 - 800 %
< % 3
5 150 4 600 2
£ 40

T R=-0.94 100 . : 400

20 50 100 150 200

0 20 40 60 80 100 120 140 Molecular weight, Da

Total distribution volume, L
Fig. 4. Correlations between solute molecular weight and dialyzer

Fig. 3. Correlations between total distribution volume and reduction  clearance K (+), and intercompartmental clearance Ky2 (x).

ratio RR (+), effective reduction, RR o (x), and effective relative
concentration decline, delta SCa.er (0).

Eloot and Torremans et al: Kidney International, Vol. 67 (2005), pp. 1566-1575
YnaH-Yns 2013



HuskomonekynspHble TOKCUHbI U

MOYyeBUHA
 Mo4yeBUuHa He aBMnAeTCHd naearnbHou

MOJENbIO AN ONUcaHnsa pacnpenerneHns u
KIMpEeHca

« OgHaKo, NOHNMas 3TU orpaHNYeHuns,
npouecc ee yaaneHua Bo BpemMs gmanmsa -
«30J10TON CTaHOapT» ANs onpeaeneHuns
003bl Ananmn3a u Cy>geHunsa o KnnpeHce
OPYrmx HU3KOMONEKYNAPHbLIX TOKCUHOB



CPEOHEMOIEKYIIAPHDbIE
TOKCUHDbI



CpaBHeHMe npoHnuaemMocT membpaH pasHoro Tuna
(KO3 PUNLMEHT NpocenBaHUS)

oIy
o
1
1
'
!

\
low-flux
membrane ',

o
@
T

\
\

sieving coefficient (S)
o
D

high-flux '\
04 - membrane ', glomerular
¥ basement
0.2 - i membrane
\
0.1 Vogze:
0 T T T
102 10° 10¢ 10°  log molecular
urea B,-microglobulin  albumin weight/size
60 12 800 68 000

Fig. 1. Sieving curves for low-flux and high-flux dialysis membranes and
human glomerular basement membrane. The molecular size for which the
sieving coefficient = 0.1 is the cut-off of the membrane.

MembpaHbl 6nmskne No KO3 MUUNEHTY NPOCENBAHUSA K FITOMEPYIISIPHOMN
MoMbpaHe — oSKHbI 6bITb naeanbHbl anga MNAd*

YnaH-Ynoe 2013 . Ledebo and P. J. Blankestijn NDT Plus (2010) 3: 8-16



Ha npakTuke npu ncnonb3oBaHMmM membpaH, UMerLL X
KOadh(PULIMEHT NpocemnBaHns Ans cpeaHnx Mornekyn 6rmaknn K
rmomMepynsipHoOn MemMobpaHe OH DbICTPO YMEHbLUAETCs (20 MUH)

Ons1 BELWECTB C MOSIEKYNsSipHOW maccom borbLie 25000 [a

B>-microglobulin
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Fig. 1. Peak sieving coefficients (X = seM) of low MW proteins and SC

after 20 min of hemofiltration with first used, and then reused F60)
polysulfone capillary dialyzers.

TRockelA; et. all Kidney Int30: 429— 432, 1986



Bnnanmne gnpdysnm 1 KOHBEKLUN HA KITUPEHC
BELLEeCTB pa3HOU MONEKYNAPHON MacChbl: MOYEBUHbI
[60 Ha], ButamunHa B12 [1355 [la] u nHynunHa [5000 [1a]
(nocT-gunouuns)

I diffusion B convection
urea vitamin B, inulin

A 3
clearance clearance
{mlimin) (ml/mmn)

clearance
(mi'min)

200 200 - 200 -

100 100

0 0 0

0 30 60 90UFrate 0 30 60 90UFrate 0 30 60 90UFrate

(m¥min (mlimin) (miimin)
Calculated values

[1o Mepe yBennyeHns MmonekynsapHou Maccbl 3Ha4eHune
KOHBEKLMOHHOrO TpaHcnopTa yBennymBaeTcd, No3ToOMY a(pPEKTUBHOE
yaaneHue cpegHnx Moriekysi OCHOBaHO Ha BbIDOpe MeToaa fneveHuns -

YH!_»-gnq)ZOB



[Tpobnembl nepexoga oT TEOpUn
CpeaHUX MOJSIEKYIT K MPaKTUKe

PeaynbraTbl gOKa3aTenbCTBa Nofb3bl UX 3fIMMMHALMK HE Bceraa
oYeBUOHbI, YTO M.D. CBA3aHO:

1.  HeyeTkoCTblOo onpeaeneHns MeTogmKk ariMMmnHaLnm
cpeaHeMoneKynspHbIX TOKCUHOB

[Tpobrembl pacyeTa go3bl

2.

3. HepocTtaTto4yHOW aNMMUHALMEN, B UTOIE NX KOHLUEHTpaL NS
nocne ne4vyeHunst BCe paBHO BhlLLEe, YeM Y 300POBLIX (B 10 pa3
No -2 MMKPOrnodynnHy)

4. PWCK NOBbLILLEHHOIO YPOBHS MOXET ObITb CBSI3aH C BbICOKOM
CKOPOCTbLIO UX reHepauun (Hanpumep, Kak oTpakeHus
aKTMBHOCTW BOCMarneHus), a anMMnuHauua TyT He nNpuvem

[pynna EUDIAL gaet onpeaeneHue metogmku [P, B KOTOPOM
yKasaHbl MUHMMarbHbIE TpeboBaHMAa Ans 9P HEKTUBHOIO
obbemMa KOHBEKLUN N NPOHULLIAEMOCTN MEMODpPaHBLI
(nokaszaTtenu noaodpaHbl AMMUPUYECKUM MYTEM)



OnpepgeneHune IO rpynnbl EUDIAL
(2013)

o [P - Tepanns oO4NCTKU KPOBN KOMOUHUPYIOLLIAA
OO PY3NOHHBIM U KOHBEKTUBHbLIW TPAHCMNOPT B KOTOPOU
ncnonb3yeTtcs xan-grokec membpaHa,
Xapaktepusyemasi KoacppuumeHToOM
ynerpacdpunesTpaumm donbuie 20 mn/4yac/mMMm pT CT Ha
M2 1 KoadhdunumeHTOoM npocenBaHmna ons f3-2
MUKpornooynunHa 6onbue 0,6.

* KOHBEKTUBHLIN TPAHCNOPT AOCTUrAETCH
3t heKTUBHbIM OO BLEMOM KOHBEKLIUU
COCTaBNAKOLWUM HEe MeHee 20% OT obLlero oobema
KpPOBW, NpoLueLlien O4UCTKY.

« CooTBeTCcTBYHOLWMK DanaHc XNOKOCTH
nogaepKmBaeTca BHELWWHEN MHPY3NEN CTEPUNBHOIO
annporeHHoOoro pacTeopa B KpOBOTOK NaUMUeEHTa.



TOKCUHbI, CBA3AHHDbIE C
BEJIKOM



TOKCUHbI, CBA3AaHHbIE C OEenKoM:
KITUPEHC

Cpean 3TUX TOKCMHOB eCTb 2 opakLnmn: CBA3aHHasA C
0enkom n HecBA3aHHa4

Ecnun no monekynapHoOMY BeCy OHM OTHOCATCA K
BelllecTBaM C Masfion MOJSieKYNApPHOUM Maccou — TO
OCHOBHOM NYTb 3NIMMUHaUMN ONdPdy3na (BEPOATHO
3a CYET HeCBsA3aHHOM ¢ benkom dopakuunmn)

KoHUEeHTpaunsa HecBA3aHHOW ¢ Benkom pakumm
Mana

B0O3MOXHO Ha KNMPEHC BO BPpeEMS Ananusa oyaet
BNMUSITb CKOPOCTb Auccouuaumm ¢ 6ernikom (MOXKHO 1
Ha 3TO NOBNUATL?)

[loBbilLeHMe KoA gnanunsaTtopa n CKOpOoCTU
avanunsaTta UMeeT NMosiIoKNTenbHoe BInaHue Ha
KITMPEHC BELLECTB CBA3AHHbIX C 6enkom.



Pa3Hble 3aKOHOMEPHOCTW CBSA3U
YPEMUNYECKMUX TOKCUHOB C Denkamm:

Table 1. Per cent protein binding according to levels of free indoxyl sulfate divided by
median level.

Free Indoxyl Sulfate p
Total <0.038 mg/100 mL >0.038 mg/100 mL
(n="170) (n=69)
Binding (%) 80 +8 83+9 I <0.001
(88.9) (86) (92)

Data are presented as mean =+ standard deviation (median). Binding percentage is defined as
(Total — Free)/Total x 100.

Table 2. Per cent protein binding according to levels of free p-cresyl sulfate divided by the
median level.

Free p-Cresyl Sulfate p
Total |<0.051 mg/100 mL | >0.051 mg/100 mL
(n=170) (n = 69)
Binding (%) | 91 £ 11 97 + 4 85+13 <0.01
(95.8) (97.5) (90.2)

Data are presented as mean + standard deviation (median). Binding percentage is defined as
(Total — Free)/Total x 100.

YnaH-Yas 2013 Sophie Liabeuf et al. Toxins 2011, 3, 911-919



CONCENTRATION (percent of pre)
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[ToBbILLEHME KNMPEHCA HU3KOMOMNEKYIAPHbIX
TOKCUHOB, CBA3aHHbIX C ODESIKOM He
COMPOBOXAAETCA UBMEHEHUEM KIMPEHCA
MOYEBUHbI
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Llenb nccnenoBaHuma: gokasartb TO, YTO
HEeCMOTPSA Ha OAUHAKOBOE CHUMXEeHNe
MOYEBUHbI KITMPEHC
HMU3KOMOJEKYNAPHbLIX TOKCUHOB(M-
Kpes3on-cynbar, MHOOKCUN-cynbdar),
CBSI3aHHbIX C OENKOM MOXET ObITb
pPasHbiM B 3@aBMCUMOCTU OT 3aaHHbIX
napameTpoB ananmaa:

1. AmanusaTtop 6onbLlon nnowaau,
NoToK Ananun3ata 800 Mf1/MUH,
CKOPOCTb KpOBOTOKa 270 MJ1/MUH,
Bpemsa 8 HacoB

2.  Omanus3aTop MeHblUen nnowaau,

noToK Ananun3arta 300 Mf1/MUH,
CKOPOCTb KpOBOTOKa 350 MJ1/MUH,
Bpemsa 8 HacoB

T.LY Simich/etsal (Selectively increasing the clearance of protein-bound uremic
solutes Nephrol Dial Transplant (2012) 27: 1574-1579



Abcopbumns Ha membpaHe 13
nonMMeTUNMEeTaKpmnara
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Mbl MOHUMAEM, 4TO
BOCIMPOU3BECTU BCE
NMOYEYHbIE MEXAHU3MbI
AJJIIMMNMHALIMN YPEMUYECKUX
TOKCUHOB OUATIU3OM
HEBO3MOXHO
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Bo3MOXHOCTM Ha3Ha4YeHUs KULLEeYHbIX abcopbeHTOoB -

CHWXXEHMEe KOHUEeHTpaunum NHOOKCUI cynbdara v
OeVnCcTBMe Ha opraHbl MULLIEHMN:

STNx+Vehicle STNx+AST-120

YMeHbLUeHne cTeneHu
KapaunanbHoro ¢onbpo3sa

S. Lekawanvijit et al PLoS ONE 7(7): e41281

lNMoBbIiwWeHne KOCTHOro ooMeHa Ha choHe
aguHaMmnyecKkom KOCTHOU bore3Hu

3

TPTx

3

f TPTx-Nx
I AST

Change of BFR (%)
3

\*
I::

N
o
T

- % TPTx-Nx
= I vehicle

12

Y. Iwasaki et al Nephrol Dial Transplant (2006) 21: 2768—2774

Ynan-Yas 2013



CTnmynaumna noyevyHoro TpaHcnoptepa SLCO4C1
cTaTMHaMM

(kidney-specific organic anion transporting polypeptide - SLCO4C1, and functionally characterized it
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Takafumi Toyohara et al. ] Am Soc Nephrol 20:



C y4eTOM pa3HbIX MeXaHU3MOB MOBbILIEeHNA KOHLUEeHTpauum ypeMnu4eCKkux TOKCUHOB MeToAbl UX

CHWXXEHUA He AO0IMKHbI CBOAUTBLCS TOJNIbKO K BONPOCY NOBbILWEHUS UX KNMpeHca

CHmxeHue CK®, 3apepxKa ypeMMYeCKUX TOKCUHOB M UX reHepaLuus He Bcerga TeCHO

B3aMMOCBSi3aHHbI€E NPOLEeCChI

O6pa3oBaHne ypeMM4eCKux TOKCUHOB MMEET MHAUBMAYalNbHYI0 BapuabenbHOCTb

C y4yeToM pa3HbIX MEXaHM3MOB MOBbILLEHUS KOHLEHTPaLMn ypeM1U4eCKUX TOKCMHOB METOAbI NX

CHWXEHUA He AOMKHbI CBOAUTBLCS TOJNIbKO K BONPOCY NOBbILWEHUS UX KNMpeHca

CHuxeHue CK®D, 3apepkka ypeMnyeckux TOKCUHOB M UX reHepauua He BCerga TeCHO

B3aMMOCBSi3aHHbI€e NPOLEeCChI

O6pa3oBaHne ypeMM4eCKUX TOKCUHOB MMEET MHAUBMAYarNbHYI0 BapuabenbHOCTb

C y4yeToM pa3HbIX MEXaHM3MOB MOBbILEHUS KOHLEHTPaLMN ypeM1U4eCKUX TOKCUMHOB METOAbI NX

CHWXEHUA He AO0MKHbI CBOAUTBLCS TONIbKO K BONPOCY NOBbILEHUS UX KNTMpPeHca

CHuxeHue CK®D, 3apepkka ypeMnyeckux TOKCUHOB M UX reHepauua He Bcerga TeCHO

B3aMMOCBSi3aHHbI€e NPOLEeCChI

O6pa3oBaHne ypeMM4eCKux TOKCUHOB MMEET MHAUBMAYalNbHYI0 BapuabenbHOCTb

C y4yeToM pa3HbIX MEXaHM3MOB MOBbILEHUS KOHLEHTPaLMN ypeM1U4eCKUX TOKCMHOB METOAbI NX

CHWXXEHUA He AO0MKHbI CBOAUTBLCS TOJNIbKO K BONPOCY NOBbILEHUS UX KNMpeHca

CHuxeHue CK®D, 3apepkka ypeMnyeckux TOKCMHOB M UX reHepauua He Bcerga TeCHO

B3aMMOCBSi3aHHbI€E NPOLeCChI

O6pa3oBaHne ypeMmM4eCKux TOKCUHOB MMEET MHAUBMAYalNbHYI0 BapuabenbHOCTb

C y4yeToM pa3HbIX MEXaHM3MOB MOBbILEHUS KOHLEHTPaLMN ypeM1U4eCKUX TOKCMHOB METOAbI NX

CHWXXEHUA He AO0IMKHbI CBOAUTBLCS TONIbKO K BONPOCY NOBbILEHUS UX KNMpeHca

20. CHumxeHune CK®D, 3apepxka ypeMnyeckMx TOKCMHOB M UX reHepauus He Bcerga TeCHO
B3aMMOCBSi3aHHbI€e NPOLEeCChI

21. OOGpasoBaHMe ypeMU4ecKknx TOKCUMHOB UMeEeT MHAMBUAYarbHY0 BapuabensHoCcTb

22. C y4yeTOM pa3HbIX MEXaHU3MOB NOBbLILEHUA KOHLIEHTPAaLMN YPEMNYECKNX TOKCUHOB METOAbI UX
CHWXEHUA He AOIMKHbI CBOAUTLCS TONIbKO K BONPOCY NOBbIWeHUs ux knupeHca CHuxeHne CK®,
3afepXxKa ypeMM4eCcKnx TOKCMHOB M UX reHepaLusi He BCeraa TeCHO B3auMOCBsi3aHHbIe NpoLuecchbl

23. OOGpasoBaHMe ypeMU4ecKknx TOKCUMHOB UMeEeT MHAMBUAYarbHY0 BapuabenbHoCcTb

24. C y4yeTOM pa3HbIX MEXaHU3MOB NOBbLILEHUA KOHLIEHTPALMN YPEMNYECKNX TOKCUHOB METOAbI UX
CHWXEHUA He AO0MKHbI CBOAUTBLCS TOJNIbKO K BONPOCY NOBbILEHUS UX KNTMpPeHca

25. CHwmxeHue CK®D, 3apepkka ypeMnyeckmx TOKCMHOB U UX reHepauus He Bcerpa TECHO
B3aMMOCBSi3aHHbI€e NPOLEeCChI

26. OOGpasoBaHMe ypeMU4ecKknx TOKCUMHOB UMeEeT MHAMBUAYarbHY0 BapuabenoHocTb

27. C y4eTOM pa3HbIX MEXaHU3MOB NOBbLILEHUA KOHLIEHTPALMN YPEMNYECKNX TOKCUHOB METOAbI UX
CHWXEHUA He AO0IMKHbI CBOAUTBLCS TONIbKO K BONPOCY NOBbILEHUS UX KNTMpPeHca

28. CHumxeHue CK®D, 3apepkka ypeMnyeckmx TOKCMHOB U UX reHepauus He Bcerpa TECHO
B3aMMOCBSi3aHHbIE NPOLEeCChI

29. OO6pasoBaHMe ypeMU4yecknx TOKCUMHOB UMEET MHAMBUAYarbHY0 BapuabenbHoCcTb

80. C y4yeTOM pa3HbIXx MEXaHU3MOB NOBbLILEHUA KOHLIEHTPAaLMN YPEMNYECKNX TOKCUHOB METOAbI UX
CHWXEHUA He AOIMKHbI CBOAUTBLCS TONIbKO K BONPOCY NOBbILEHUS UX KNMpeHca

31. CHuxeHune CK‘D, 3agepXxKa ypeMnieCkux TOKCMHOB U UX reHepauusa He Bcerga TeCHO B3aMMOCBsA3aHHbIe
npouecchbi

32. OGPaSOBaHMe yYpeMunieckux TOkCMHOB MeeT uHanBuayanbHyrO Bapuaﬁenbﬂocn:

33. C y4yeToOM pa3HbIX MeXaHN3MOB NOBLIWEHNA KOHLUeHTPpauun ypeMnieCKMX TOKCMHOB MeToAbl UX CHUXEeHUA He

AOJIKHbI CBOAUTBLCA TOJILKO K BONMPOCY NOBbILWEeHUA UX KITMpeHca
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Hbto-Mopkckoe 0bLecTBo
cnadoBnasaLLnX
dooTorpados:

Seeing with Photography
Collective
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Hbto-Mopkckoe 0bLecTBo
cnadoBnasaLLmMX
dooTorpadoos:

Seeing with Photography
Collective

YnaH-Yns 2013



SAKJTIOYEHWE: Hanbornee nepcnekTUBHbLIM
HanpasneHWeM B fie4yeHnn nauneHToB ¢ 5 ctagnen Xbl'l
ABMAETCA NOUCK NYTEU CHUXKEHUA KOHLEHTPaUUn Unu
HeuTpanmsaymm ypeMmny4eckmnx TOKCMHOB
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UTO Takoe xan-gnioKc

MembpaHa?

* TpaanumoHHoe onpeaeneHue ‘high-flux’
OCHOBAaHO Ha rmgpasnmMyeCcKon
NPOHULIAEMOCTW.

* [1OCKONbKY 9TO HE MOXET ObITb 9KBUBAIIEHTOM
015 MPOHULLAEMOCTU CPEeOHMX MOSEKYIT
rpynna EUDIAL npeanoxuna 0odaBnTb Takyto
XapaKTEPUCTUKY KINUPEHCca cpegHUX MOSEKYI
Kak KoadodpnumeHT npocenBaHns ans -2
MUKPOrnodynuHa, KOTOpbI AOSTKEH ObITh
oonbLe 0,6



Duranton F, et al. Normal and
pathologic concentrations of uremic
toxins. J. Am. Soc. Nephrol. 2012.

An updated review of the existing knowledge regarding uremic toxins facilitates the
design of experimental studies. We performed a literature search and found 621 articles
about uremic toxicity published after a 2003 review of this topic. Eighty-seven records
provided serum or blood measurements of one or more solutes in patients with CKD.
These records described 32 previously known uremic toxins and 56 newly reported
solutes. The articles most frequently reported concentrations of 32-microglobulin,
indoxyl sulfate, homocysteine, uric acid, and parathyroid hormone. We found most
solutes (59%) in only one report. Compared with previous results, more recent articles
reported higher uremic concentrations of many solutes, including carboxymethyllysine,
cystatin C, and parathyroid hormone. However, five solutes had uremic concentrations
less than 10% of the originally reported values. Furthermore, the uremic concentrations
of four solutes did not exceed their respective normal concentrations, although they had
been previously described as uremic retention solutes. In summary, this review extends
the classification of uremic retention solutes and their normal and uremic
concentrations, and it should aid the design of experiments to study the biologic effects
of these solutes in CKD.



Table 2. Examples of uremic toxins [21,22], with published evidence of DNA-damaging potential.

Uremic toxin DNA damage References
Angiotensin II 8-0x0dG, micronuclei, double strand breaks, abasic sites [135,136]
Hydroquinone DNA strand breaks, micronuclei, 8-oxodG [137]
Indoxyl sulfate DNA strand breaks [120]
Leptin DNA strand breaks [6]
Methylglyoxal DNA strand breaks, 8-0xodG [24,138]
N-g-(carboxymethyl)lysine DNA strand breaks [24]
N-methyl-2-pyridone-5-carboxamide = DNA strand breaks [139]
Nitrosodimethylamine DNA strand breaks, micronuclei, known [140-142]
rat-liver carcinogen
Thiocyanate DNA strand breaks [143]
TNF-a 8-0x0dG, DNA strand breaks [25,144]

Ynan-Yas 2013
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Fig. 1. Possible preventive or therapeutic measures in the context of uremic cardiovascular disease.

YnaH-Yns 2013



Table 2. Solutes measured by HPLC and urea

Dialysis Intact Biatvsks Celectomy Normal
Solute Colon (n = 6) Control
(n=9) (n =7 to 10)
PCS
plasma pretreatment mg/dl A £ 1.6%0 0.06 = 0.09 0.19 = 0.13
reduction ratio 307 - -
IS
plasma pretreatment mg/dl 28 1.3%° 0.08 = 0.06 0.06 = 0.02
reduction ratio 337 3111 -
KYNA
plasma pretreatment nM 799 = 404° 634 = 292° 297
reduction ratio 367 3916
Hippurate
plasma pretreatment mg/dl 1.9 £ 455 4.6 = 5.9° 0.3' 202
reduction ratio 68 = 4 7219 -
DMA
plasma pretreatment ug/dl 1032 + 155° 890 = 103° 218 =33
reduction ratio 38 £10 43 =7 -
MMA
plasma pretreatment pg/dl 58 = 10° 54 + 9° 32x4
reduction ratio 30 £ 10 236 -
Urea
plasma pretreatment mg/dl 50 + 8° 43 = 16° 14+3
reduction ratio 74 =4 1847

Values are mean * SD. The plasma PCS concentration was below the limits of detection in one
normal subject and in three pretreatment samples and four post-treatment samples from dialysis
patients without colons; a reduction ratio for PCS in the dialysis colectomy group was therefore not
determined. The plasma hippurate was below the limits of detection in one patient without a colon.
#P < 0.05 dialysis intact colon group versus dialysis colectomy group.
PP < 0.05 dialysis intact colon group or dialysis colectomy group versus normal control group.

Ynan-Yas 2013
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Sham

STNx+Vehicle

STNx+AST-120

Bo3MOXHOCTU
Ha3Ha4YeHnsa KNLLEYHbIX
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Simple linear regression analysis

Cardiac fibrosis vs Serum IS Cardiac fibrosis vs Change in serum IS
P <0.01,R2=0.244 P <001, R2=0216
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Figure 4. Cardiac fibrosis positively correlates with serum IS levels (left) and change in serum IS levels (right).
doi:10.1371/journal.pone.0041281.g004
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Fig. 2. Percent change of bone formation rate (BFR ) in experimental
period. TPTx, thyroparathyroidectomy:; vehicle; TPTx-Nx rats
treated with wehicle; AST, TPTx-Nx rats treated with AST-120.
*P <0.05 compared with TPTx. #P < 0.05 compared with vehicle.
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CpeaHemMonekynspHble TOKCUHbI

* IX anuMmnHauna ocHoBaHa Ha KOHBEKLIUN U
MCMNONb30BaHNN BbICOKOI(PEKTUBHLIX
MembpaH

* [pynna EUDIAL goaet onpegeneHune
MeToauku I[P, B KOTOPOM yKasaHbl
MUHUMAarbHble TpeboBaHNS ANS
9P PEKTUBHOINO 0O bEMA KOHBEKL U U
NPOHNLAEMOCTN MEMDpaHbI (NoKasaTenu
nogobpaHbl SMAUPUYECKUM NMYTEM)



* There is mounting evidence to suggest that
indoxyl sulfate, a protein-bound arylamine
structurally related to PAH, may represent a
uremic toxin. Indoxyl sulfate is produced by
the action of colonic bacteria ( E. coli ) on
dietary tryptophan to produce indole, which is
absorbed and conjugated to yield indoxy!
sulfate in the liver
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Gterting in October 1999, the Curopzan Uremic Toxns (CUTcx) Waork Croup was
zunched by three of the membars (R vVanholder, U 5. 5tegmayr and U.Baurmesster).
In !:-'r.'."r'r-.-' 000, a~ the necasian of the 2/th 1 A meer ragon | ausanne, the
Wars Lirnnp cnnvered Sorats firss mesang. Filav @ also an endorsed 'Work Group
of thc Europcan Rcnal Assocaten  Europcan Clalysts and Trensplant Aszaction (
P ERA-EDTN).

In 2008, the Wark Group 15 naw compased of 24 Furapean Reanarsh Mastares
nvciving biochemists and d nicars working In urcmic texicity. Apart fror thess
members frort scadem 3, 10 sclentists from leading Industnes in the area [/Amgen,
Buxls Hea _huere, Bayer HeallhCare, Fresenus Medicad Care, Gunbro, Ceneyine,
Roche, Menibians, Nipre, snd Shise) ere avchved, Al members have besn avited
basec on their crevious aczcrplishments and their current researck ard
development activitizs in uremc toxcity and its therapies.,

Cnea cf the first prejects EUTOX accomplichec 'was te wWrite 3 Joint Review E about
U miagin Legic of mlaresl of each ez, This has been followed Ly a nuimier of
prejedy such s Lhe publicslon of a lel of wrenic Lexing wih Ueir threshold
woneenls alions for n vilio research, Uie Jdevedopment of 4 comclele issue contaning
ccriprehensive reviews or 3l uremic sclutes and jont research actvities among the
members.

Eleven statzment and review subicsTons were generatad by the group as well a

3
ovar 145 saeranc papers were publisnhed to which at ‘east ~we member grouss of
EUTcx 1o rdy contriduted. An Urzrtic Toxins CATA BASE was 2stabished
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Figure 1. Venn diagram of 61 anionic and 85 cationic compounds evaluated in this study.
(A) indoxyl sulfate and o-hydroxybezoate. (B) 4-oxopentanoate, hippurate,
N-acetylneuraminate and 4-pyridoxate. (C) anthranilate, glycerophosphorylcholine,
nicotinamide, glutamine, asparagine, dihydrouracil, glutamate, creatine, y-butyrobetaine
and I-methylnicotinamide. (D) glycine, v-guanidinobutyrate, N-y-ethylglutamine,
allantoin, cytosine, S5-methylcytosine and imidazole-4-acetate. (E) Trimethylamine
N-oxide. (F) Tryptophan. Groups B and D may represent uremic compounds that indicate
the effects of AST-120.
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Figure 1. Relationships between free and total forms of indoxyl sulfate (+* = 0.77, p < 0.001)
and free and total forms of p-cresyl sulfate levels (#* = 0.60, p <0.001) in uremic serum.
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