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e A

U ¥ OB MR LIEHE D BN IRV HAIBIS A& L, AR 12 e ~% 2+ 3
FEHERTIC, ZEBTES 2~5 EHERICEE L T D, Lo ¢, ABITAB LY
RRBHIIHY, F-HEMECHEE LE-HORMIC s TESIMEEZE X
DT, FHIEEE L X TV 5, WIRANIZIE, RAEME CREIZZEOWE L
R, BIEREIIK 20 HOBIEII SN TN D, FEEIREOERE LT 0N
WHEL TWAH 2T T, REOTRECHME DIMTIEEHED B EDRIEAL L i E T
HARFEENEE (ZEE) ThY, HEEOBEITH L 1 SOBAEELIEM L T
W2, U TIEERE (BdR) IR0 T, D0 IZIRE ORKKMERI DB
2R L, TOPICEBEICHE S BHLENAVIAL TS, FEMITRN 2 KD
FREFICAML, SHICZD2ARKDEENFROMMmNOEEV AL, 1 KD

JREDESIL TV D [34],

BRONRE 1%, MERBIRD> 5B PHE THEA DB L, %% OEH)
AR B RZEHFIZAY, FERBIRIZ R L TR ERE~MPOERENRE 725, =k
BRI/ NEMBINRIC R L, FBOBE/NME (w1 % —/IMK) 125 LTl AAHE)
WRAEBST L, AREIEZTERR LT, @ERE U ORERIED DTV D, £ D,
BOEMIMAEIZRY, RMEITERDE 2D, PRI S V7 RR Sy 2 8@ i3
DL L BICBERICKREL LOMEOMIEZIT> TV D, SRERMRIZ IR AT
% & MR DR ERIR O N MG, JEIECHEE,  E R AR RER IR & B E Te AR —~
VEONENT =L LTHEER SN D, ZOK, JRIEK, BBk, /)
BRMHAE S X7 B X5 Ie@Esr (68,000 LA E) (ol S ey, JEiE S 7
JFRIE, JRANE TZORE DRI S 4L, EERMKRICKE S, S 612, Na', K,
Cl™, Ca*", COy 7 X VEEXT RUEbITNL b 5\ TN IR AE CREBIINIC FFK

IENTWD [26]



gk, *7my (BHAD) CHESh, B/ME EMRMEE, ~r -
—7 (RER), EARAE, BEABEBLOEAE LV RS T0D, AFZMICIL,
MRYEHOVA, WBE O, EAEOME, WREOWHE, ZREMOPE, B3
v Dy DIEMAL, e RE T D4R, LB 2R T D
UsTe EARTIIMO CTERERZEZH>TWND [51], V¥ TiE, x7a203 1
124 7= 0 400 T EAFLE L, A4 CIEK 83,000 L/ H O MR RERARIZHEA L, £ 1,300

L/H 238 S 4, BRI E R TR 6-12 L/H OJRDBAERR ST S [10],

UV OBERERA & LTI, FEREZHAWT, pH, ¥R HE, T RUBE,
AR, va el ) =5 r B L OO EMERBR SRS X v BRI T
NTHa, LnL, ThboBRER, SKESREICAEAGSNLS L, REEZTO
RE], BANAE), EEESCRERFORELRE WD, BIROKEESLZOR
B & R IRAE TARRE A IEME IR 35 Z L3 L v, mikA b PmA s LT
1%, MmHJRFEZEFE (blood urea nitrogen, BUN) & creatinine % & O HIE 2385 1T 0
NTWDHA, BUNIEZEEE (BEEOOREH, M - RIEEEOME, psrd 50
fa5-#, TMR (total mixed ration, #nG-Co0BERG ) (TSNS <, creatinine I
N ORETPEMIZHIR L, SRERIRIEE & (glomerular filtration rate, GFR) 7% 60-70%
KT LoD T EA 2RI UCMEDIR E 23R ST 5 29, 37], £ Ofil,
RPWZEENDGT VT I VEDER, UV VY — AHHKEEN-TEFL--D-7 /L=
PI=F—F (NAG), BEMNEFRABNKHERESR (LDH), B U7 bR E i
RlFix kT T ) 7 A7 7 2 —F (ALP) ®HDHWMT y-Z /W HF I b T A
TFH—F (GGT), KT X IVETHD -1 7urua7 V> (41 10,000
Hit2) AL F o C (GrFH 20,000 FitR) ORIEDR —EITHONTHDA, TRIK
SOMPEBMEOEME S, JRAP O~ OISR 86 2 WIZFER ORI LY, ¥

T, TOEKRFRERIIMEE L TRy, 612, BEEXVEBEOMZ (R
2



SEARNIER, BEMRIEERIE), BN OREE, RICEOMELES 5\ ITEE
LRMEIRIR A DS, —EHBIZE & L TIThil Q2 REEE SRR Tiiie %
EFEICTRITERW [44], 2O X DT, U TIEBROES TIHEDREL T
HEIWIZOWTUT E A EIREN 2L [47], FOT ORMNICH D

—Ji, B FTIX, & GFR OHIEIL, BIERZEO “gold standard” & =041 T
W5 [19], $72 5, GFRIZEEEDOWMI N OHBUKIS L, FB AL 4~ —
T —DFHIZx L, HEEREE & EDIT 5 TW5D, GFR ORIEISE, RIS
RN TR#ZZT T, RERROLTRIE S, RAE D OFRIC WD 720
tracer & HLEIFRIRN AR L, —ERMEZICERERR 21T, f8E () tracer
ER T T N —7RIRBEIZ 72 © o RERUZ 81T 2 IR A tracer HEME & (EME7ZR IR & & R AL
WE) ZHHL, RAP~DZ VT T AEHFHRLFIETHD [49], GFR H tracer
E LTI, ZHEEB KO inulin (Fig. 1A) DEFEAICEM SN TWAD A, KA
fiR FE AMB D TR <, IRIREREE F CIIATH LS < EAH ORGSR ALET, #5 &b
%<, POEED T DITHNEREMELS, BREE~OBEMITHL W E ST
Do ZOD®D, HBEMEEIRS B TIEAEE tracer & LT, creatinine [11, 39], 74
WilgF bV 7 A [13, 43] HDWVIEIHEA AT — KR 1 8K X #RE A iohexol
(Fig. IB) [6,41,42] 2’0 EF 6 T&E7z, LA L, creatinine IZRAME D 5%
FRESWMEINDTD 7 VT 7 ZENEE [3, 8] 2T 2 E0RdY, FAWEET
NU o AE G E (4-5mLkg) BBDOTEZNWI &b, UVEERTIZIZE A
IR ST, —75, iohexol 1%, RiBE (RGEL : K 2) @<, FFT
FRE 2L = TR B D

FIT, FEEITUVICEIT S GER BIEICEE L, tracer & LTIEA A PEa—

RR%EIR 2 &R X #iEEAITH 5 iodixanol (Fig. 1C) (23 H L7, Todixanol I3,
3



iohexol [FIEEDMIALLAVRFEZ AT 5, SR TR G OERSCEEIMIE L A
ERD LI [32,33,50] » £72, B hOREBEREEEHOTo 2 EERR
Bk TI¥, iohexol (Z%F L Il creatinine #EEZ FEIC ER SER0nEWn)
evidence-based medicine (EBM) M3RESAU [2, 27, 35] BEEBIS CTIA A &
TW5b, 51T, jodixanol X 1 3 FHIZ 6 2D — K (Fig. 1C) #HT 5729, 1
S FHIZ 3 DD F— R&EHT 5 iohexol (Fig. 1B) (2, 28 T iohexol & [FIERD

HH () DEERMTH DL MRS TN [32,33]

AFZETIL, 7 AZEBWT 1 EERIMIEIC X D GFR JIE FIEOMSLZ BN E L
T, ETELGT LR TOREL EHNICHRTFT 5 L L b, RIS TOISH
DAEEPEIZDOWT, LT 3 BEIZH7 D et L7z,

1 FETIE, RERAVAZ A LA AV T, iodixanol 3 X WY inulin D5
BERMBFMEZRE Lz, T0%, WHAZE—FICEEREL, 282777
A (BEHRIM) 5T GFREZ KD, 5 ONIEOREEEZFH 7=, R\ T, GFR
B RIX IR, s, PERBEBS LOWAEORELH T, I b, @4
BHEREIR N (REAER]) % T, BHERRIMLETO GFR E, HIMFEH, SME
FEF L OMMIG iodixanol #RE & Jacobsson @ 1 [FIEMED [23] Z0FH L T,
iodixanol HL[AIFHE « 1 [AIERIM{E T GFR % 3K 2 Fi 72 O &5l T,

B2 BT, BEMEAASZ VT, 5§ 1 EOREE I, jodixanol & inulin
Z Rl — I [AREE G L, BRI M5 C GFR E % 3K, [FI%ME % fegd Lz, © D1k,
GFR fEIZ KT SR, Nlnds L ORERBMO B2~ T, RIT, (@4 & Bikee
K4 (BEAIER) 2 VT, BEEERMETRD 7= GFRE L 1 FIZB W THV
AL A AREHATHESL L7z 1 BRI (AR, RAAZ A U 1 EgRiim) 22 H
WTHRE SN GFRIEZ B L, FARA KX A A 1 [ERIM A BEREN A4S

i@ U Tl T & 2 07,



FIETE, H1BLP2ETHELNIEAT —FEZHNT, FLAZ A F
BLOREMEOMAMEICIGE L CHEALKRS 1 ERnA FHER) O a KA
oo 37206, FICIER LTEAARE VRO GFRIEELH | BB IO 2ET
OB E & RNV A Z A F 1 [FIEIMNTH 65724 GFR EZ thi LU, [Fl—M:
AR, AR AR IE U Cli F TREAMRE LT, E7, AR D,
Jacobsson DD EEMEZFEA TE 57008 9 D Et LT,

Ik, ABFETIE, 70 GFR HIE % fli 72 iodixanol O HLEIFHE « 1 BRI

ETRETEDL LW ZREAT % Z & 2lA T,



A. Inulin

0
H HO

H

OH H OH

Molecular formula : CH,,0,(C.H

Molecular weight : 3,000-8,000

O,)nOH

10

H OH
B. Iohexol 0 N OH

| |
OH

OH 1 0]
0

Molecular formula : C1 9H2 6I3N3O9

Molecular weight : 821

C. lodi 1 OH OH
e no_~_N_o o N_A_on
I I I I
OH I H OH
HOJVNWJ{;(N@NIE(KNJVOH
FY LT

Molecular formula : C3 5H . 4IéN 601 s

Molecular weight : 1550

Fig. 1 Chemical structure of inulin, iohexol and iodixanol



F1E FNVRZAEILFICRIT 5BERKERERE (GFR) DHIE

1. /NP

F 3 [39] A X [53] DX O EH DN T b [19] OBHEE A RS
% BT, GFR 13D THBERIEE TH L2, VIEERE TIRITE A LA LNT
Wi, ZoEmE LT, BEENRIRY VT T 2 ZIE, tracer TH D inulin DO
HTHYETH D &V D W, IEME R BEREERO K S SR EBIEOEM S, &
DUVNIFRBIESCHNT BATHEO SRS bISH A RE S E L2 BN TH L, Licno
T, 7Y TOGFRMJEIL, FEB - WFERMICIRS, ZHETinulin 7 V7 7~
Z (1], FAmET Y v AR [47] . NIKYE creatinine 7 V7 T A
[45] & B WIIHEPERIAZCH# S'Cr-EDTA 27 U 7 T A [54] BRE STV 5
ReSi5 E-RANTAR

AT, DNEVIERIRTE TIE, GFR HIFED tracer & LT, FEA A UM 1 Bk
— RRIEE A iohexol (Fig. 1B) BWHWHIL TS [6, 42] » AANX, KA TR
WaZ TP, MEEAE L OMEORIRME DO O0W « FRIN G 722 <, RERIK
T TOLRPUIZHEM S D &9 inulin & FAEL L 723 L2 A MR & (RN 25 8)
AT D, R, BB EDE S b EGRE O, Ko % 2 TILBHEDE(L 38,
40] RfE I TV 5D,

IO DORERZENT 57202, 7 TO GFR MIEDERIZHTHMA tracer & L
T, WA A MFR 2 &K T — FRIEZA iodixanol (Fig. 1C) IZHFH Lz, I
JUAK jodixanol % I\ 72 ADME 8 [16] TiE, {&HE (200 mg I/kg) DR
[FI# 5T, 20T E A ENRITRE(IKR L LTHRE S (v 0 95% LIL), #
HgEE (Z v 8 :09% BLF) 7 v b, PABLIOE hoEWfEELIZEA R
WZ ERHRESINTWD, £, KEMEERTH 27202 mATRITE B EE D

HALH DN ERHEERINTWD [2,27,35] » 2O X IIZ, BEMENHERIN
7



TWDHN, BUE, THEOREE [20]0 BH D720 THRAE~OISAIZHRE STV
VY,

AHFFETIE, GFR OB L T, REROMLEORWRE 7 )T F A
I (CD) B Lz, T70b b, SKERIKIEIE O & TR AFICERAICHEN SN D tracer
O CHEIE, GFREETFEL 72D &V ) MY EREFAYRMLIZ IS X, tracer D IILTH
TR - RefHI AR 2 0 di#R T EAE (AUC) Z3KR®, tracer D584 £ D AUC Tk
FTZELTCE (= &58/AUC) ZHH LT,

ARETIX, RNVAZA TS TO GFR AIEEDOHSLZ B E LT, 9
B2 VT, iodixanol DG EAFRE L, £ D%, MIGTHKRFE LI,
PRI 2 e L7z, RIS, inulin & O RS2 fERE S 2 729012, iodixanol & inulin
Z R — B FR 5 L, &% GFREZ KD, B oI fEx g Lz, & 512, GFR
DEBZHEE 2 TR D 2012, iodixanol 12 L 2 BB M EIZIB W TRFEE O
GFR fEIZ KT T IRE, I, FERES KO EOREBE T, T0tk, HE
BIMETIE, FERS~OBHEPRKE L, BMRICHANREL Z 2 b, /BES
FOEGRARIES] (BHEREIR T4 o7 —& % b &1, 1 [BERMETORH GFR HH
KOVEH 2l A T2,

bt h UL, MiF creatinine RS, THIKZHWT GFR REHB I TN D
5, TUATEWTIE, IMIE creatinine IR ORIEEMFEELL SN TE LT, HrfE
HDWIEEBKR T OREL AP0, v MBS THEIIICH TE 22y, 22
T, Jacobsson @ 1 [FIERMIEDI [23] 1Z¥EH Lz, ARUTIE, 1-22 /83— KX
NET VRS LICEIREE LT, 58 (Dose), HRIMIFRH (t), MIEHRE (Ct)
BIO OHEE (Vd) BNEERLTWD, BERE [7, 15] kb L, ANTHELN
72 GFR EI%, BEYER inulin 7 U 7 T > ZAIETOM LMD TEWHBMEDOH 5 Z &
DR S IV TV D, Jacobsson DRDIEAICEE L TIL, R4 & BHREIR N4 (B

RIER]) @ GFR il % BRI ILYE TR, iodixanol D& H-&, FLIMKFH (t: 60,90 35
8



FN12047) & ZDHRFF DM iodixanol =L (Ct) ZUTHRAL, Zi#% Newton
ETHEE, &0MAME (Vd) ZRdic, 2Dk, vd & C & DORERIZ scatter plot
THEHT L, HHEMEOR b & WA 2 1 BEERMIEOR M/ & L TR~ Lz, &
B> GFR OWETIE, VdfEIL iodixanol DIRE (Ctfl) & ¥ k¥, Z 4% Jacobsson
DORICHERATHZETHRI L, 20X 57, EHEEREAEE LB L
LT, -3 3= R A2 NETAOYMIMIEPIRE (Cofl) 725k 7- vd fE (Vd
=Dose/Cy) 1L, FRIMIFHN 3-4 KA NOTZDEEENRKE N7 2 ENET S
N5,

2. BB XU FHE
2-1 EHEY

GFR MIZEM tracer & LT, iodixanol (E'/3—7 320®; 320 mg I/mL, 290
mOsm/kg HO, FH—=3&, HI) & inulin (£ X U — Fe; 100 mg/mL, &= 130,
BiE) MWz, 728, iodixanol 1ZF VREEZHT LI LD, HALIE, “mgld

HWMTpgl” TERLZ,

2-2 BERE

FFEMX (E3), INEFHHIK (FA, H5F) BLOEFRFRFLHEEY
bt (%) TEEAVICIVEBT SN TOVARERRLVAZ AL« 7Y =TT

(RNVAZA ) FEOIFWH (BRLE#H) F WA % 109 BEAVZ, BRE,

{KE, g X OULIE BUN & creatinine #EE#iPHIT, (Table 1) (/R L7z, AL
TeAT AR K 50 %DIRIEREIELE L biZ, A X VT U IA T TR, F—=U~A
FRRFEV—ZHEELITITA L=V LR TRARSES S, HHEICHK
Xz, ok, AWEWIE R, MEMRA (BUN: 20 mg/dL BAF, creatinine:

1.2mg/dL LLF) HDWITRREIZL Y, BETHL Z L 2B LT,
9



AR T 4RIE, MY BUN (30 mg/dL PA |) & creatinine B (1.2 mg/dL BA )
2, HICER Ll ER LR, TORROEMIAHTH-7, 72k, B
PEREAR T TS iodixanol O il FVHRHEE DT — Z 3143 TR, AFEER
TIX BUN 28 60 mg/dL LA E, & % U MIILIE creatinine 7 6 mg/dL LA _EDIESTILERS
L7z (Table 2), ZDFH & LT, iodixanol & MW/ EERIBHEREIKT -4 To
GFR JIED#HE [20] (2L D &, B LZIMIE BUN & 5\ X creatinin fE L ~/L T
1%, M iodixanol LI G 24 FFHRIITIHET H 2 L 2R L T\ DH 720,

ORI REMEMAT,

PO BT, ETHARERBWESOTA KT 42 [24] IZHERL, BT

KEFFEERENMZE B S THEE (A201027) S TW5D,

2-3 &F7 V77 URE BEERME) 12X 5 GFR OHIE
2-3-1 Ilodixanol P 5-EDH|E

LIRS (K 270-700kg, 1-37%, n=3) % 7=, lodixanol ® M
21X, THTORERSE [21] 2, 5,10 8L 20mg kg & L, SERIRICHEHE L
= a—VL (UK-#7—7/vFv N, 14G, ==F %, ZH) LV HE bolus #f
ARG LTz, BRI, B =2 — 1% LTSGR E PRI (excretion phase) T
& % #2560, 90, 120 38 KT 150 73 DFF S B, SHAISHFAR & V17572 (1 mL/FD,
FHBRIE, 3x3 D27 v AA4—,3— (Latin Square Design) THEiL, L7 &b 5
HLL B2 TiT o 72,
2-3-2 Todixanol D MLIETHAHERS & FRILRFH DR E

FEMALIEIE IR (KEE 270 - 700 kg, 1-3 7%, n=6) ZH\ /=, Todixanol ®
L, 10mg kg (F5:0.031 mL/kg) & L, HRIMFFRNIE, HGATE &5% 5, 15,

30, 45, 60, 90, 120, 150 B L V180 0% DEF 10EI L L7z (1 mL/ED, o7 —
10



ZaHIT, 1-a/N—= A FETNE 2T X=X METIZLY AUC %
BMHL [12] , % GFRE (“2-3-7" /) ZRDOHE LT, =612, BRI 2%
ET DI, TP OB MR OM AT, -2 3= F AV FET LK
D AUC %K, GFRfHZ g L7z,

a) 45 60,90,120 35 LT 150 57

b) 5 60,90 35 LV 120

c) 5 60,90 35 X150 77

d) #4560, 120 LT 150 %3

e) 5 90,120 3 LT 150 57

2-3-3  Inulin D MEHKLHES

FEMHLIEIE YR (KHE 270 - 700 kg, 1-3 7%, n=3) &AW/, Inulin DHE
IR [21] Z2AES, 30mgkg (BRGWEE : 03 mlkg) O 1 HEE Lo, Bl
B E-HR OG- 5, 15,30, 45,60, 90, 120, 150 35 KOV 180 4327 10 [EYT - 72

(1 mL/[E0),

2-3-4 Todixanol & inulin D EKFHE TD GFR OFHEEH

FEWFLIEATIRA (R 500 - 800 kg, 2 - 4 %, n=14) & BEEREMR N4 (500 kg,
1.5m%, n=1) OFt158H% M 72, Todixanol @ 10 mg I’kg & inulin @ 30 mg/kg %
[FIIF bolus FFARANE G- L, #&5-A1 & #4530, 60, 90 36 LT 120 704 DFF 5 [HIERIML L
7z (2 mL/ED),
2-3-5 GFRICXTHH6E, Fif, EREE L CWMILOEE

fERE IR A4 (120 - 920 kg, 0.5-8.57%, n=6—7) (T iodixanol ® 10 mg I/kg
RN G- L, 51, #% 5% 60,90 3 X U120 7712125 4 [EIERIM L7z (1 mL/
[\1), WIT, fEREHZALES L ONBELA (450-850kg, 1-67%, n=7) % HIE&EHII,

450N 7 Y — (¥l dry, 30 kg ARiifi, 30-40kg B LT 40kg L L) ICHHL,
11



iodixanol @ 10 mg kg & BRIMEMH] 60, 90 35 L TN 120 70 & # A& T GFR Z HIE
L7z, 612, WIFIZEBWTIEEE 1 & 2 FE%ZICERA (1 mL) L, HPLC {&
(“2-3-67 M) THH iodixanol ILE A ME LT, BITHOBEEEFR 7=,

2-3-6 IL{E iodixanol & E DHIE & MiBEILFRE

M5 3 &L jodixanol JEFEIE, BEH [22] ZMEIE [29] LT, WHHE#EMA
rsu~x 777 4— (HPLC) ZHWTHIE L7z, 7205,
O bV ool FeEE TERNSH, KR 2R 20 %2725 X 5 #4&H
KTHIRL, 20% bV 7 v e FERRIER % 1B L7,
@ T r=bhUV (FEMEE TR, KD ZIREE 80 %2725 X H /KT
AL, 80%7 & h=hU LIEREIERK LT,
@  Riffg, MmgIFSIICHE U CREE 2 ead iz, =008 (4°C, 100 x g, 15
5y) TIiEE oBELT-, BREBLBOZ®, Mg 0.1mL & 20% KV 7 o o FERE
o 01mL ZEAL (1:1 OFIE), 4CF T30 0 A FaX—FLT, ELH
HiEt: (4°C, 100 x g, 1057) EFEZFEL7Z, EJH% HPLC F/31 7LD 100 uL
A Y — R 8 pL/riEL, WE 1 mL/5y, HEA®E 10uL & LT R HPLC ¥ AT
LT 20 S FIE L7z, HER T4, IRMER SR L Y M1 iodixanol i & K7,
@  BEEREE D jodixanol K (2.5, 5, 10, 20, 40, 80, 160, 320 ¥ Z T 640 pg I/'mL) %
TER T % 72912, iodixanol R (320 mg I/'mL) Z f@HE4F0 7 — L ifiig THR L T,
ERE@7 FMAIS U723 - THRE AALEEES L OYHPLC JIE %17 - 7=, I H iodixanol
R DAEMERR B 2 B L, RINGUEIORE (ugUmL) % RD7=,
® IfiET iodixanol ¥ ORIEIZHVVZ HPLC ¥ AT A, BEEE (alliance™
Waters 2690 Separations Module, Waters, Milford, MA), UV detector (Waters 996
Photodiode Array Detector, Waters), 7 — & fi#hT3s & O Hl#H (MILLENNIUM ®
waters, Waters) 72> OAERL S VTS, Ml 7 A2, @MES U 17 L ~_— R

FHHPLC 7 7 5~ A7 4 /v (RP-18 GP, 250 x 4.6 mm, 5pum, BAR(LFH G, K
12



) ZMWiz, HPLC B ERICIE 80 %7 & b=k U Lz A\ 72, lodixanol
ORI, & 244 nm TITo 70, ASMET T, MF iodixanol 5 O HIE RS I
Sugl/mL TV, [MiF & MHE iodixanol IR EMNICITER N W & 2R L7z, 1ML
11 iodixanol HIEIZ351T % intra-assay & inter-assay D ZENMREL (CV) IXFFAFIPHAN
(5% LLT) iZdb-oTz,

M inulin #EEEIXTHARSE >~ b (Diacolor-Inulin®, HEERL, KBR) % HWCHIE
L 72 I inulin # 5 O RIEBR S X 20 pg/mL ToH - 72, 7233, IfiLiF iodixanol & inulin
(IR EDOFRELERS L OSBRI T Lo 7z [21] .

1% BUN & 1L creatinine #2213 H#I0HT44E  (Dimension RxL, SIEMENS,
Miinchen, Deutsch) THIE L7z,
2-3-7 GFR DHEH

BERER AR T 2287 V77 A2 (C) 1T 1- 23— h AV FEB LD 2-
AN — R AV NETNERIZEH Lz, 77200, &% 0 7V E O Mg
iodixanol ¥ 7213 inulin AL &V, SMFIEIC LY BUEEEANXT AUC 23RO 72, Cl
IFUL T O BEH LTz,

_ Dose

Cl=
AUC

(eq. 1)

Dose (I 5-&, MEIERMZETO ClElE, BLF GFR & /72 L7,

2-4 1 [EEREMEEIZ LD GFR OHIE
FARERIMYE GFR i, #%5-& (dose) L OEH% 60, 90 &H DU ME 120 43 (b)

RFDIMYE iodixanol #£E (Ct) % LLTF @ Jacobsson [23] DO (eq. 2) ~MUAL,

_ 1 < In dose
t/Vd +0.0016 Vd x Ci

13

GFR - (eq. 2)




ED%. “eq.2” T TEL “eq. 37 DX IITEELT,

det%l o (eq. 3)

[F(b)=exp (b) —ab] Z7=F “b” % Newton ¥ [48,52] IZ K-> THEX, ET
FOSAAERE (estimated Vd) 2RI L7, & 512, 5N 7-fiF (estimated Vd fH)
23JE ) 7> Microsoft Office Excel 2007 (3A%) @ Goal-Seek #7E 2 U T HHERR 21T
o7, ZD%, estimated Vd fEZ #EHHT, & CoAH (Coomin Coomin F 721F C120 min)
ZAERIIZ & 0 scatter plot |2 K - T,

Estimated Vd = o’ - (eg. 4)
& 72 DT 2 723 estimated Vd FHR A RO (0 & BITEE, eq. 4. 1
[EIERIMIEIZF51F 5 GFR fEIL, iodixanol D# 558 (dose, 10 mg Ikg), #HHDE
MK (1), & DORFDIMIE iodixanol #EEE (Ct) LU VA = estimated Vd & L T
“eq. 47 T LFLD “eq. 27 ~HUMUATHZ LITX VRO,

GFR fEIZAFmAHRE  [BSA=0.09 x ((KE)*?, mL/min/m?] T& L7z [18] .

2-5 #EHOE

‘BoNizT — 213V (mean) TIEMERZE (SD) THL, 3 HLLLOLAIE
—JLHLE P HOO T (one —way ANOVA) & Dunnett D ZH LR E 21TV, P<0.05
THEZHY & L7z, Inulin & iodixanol |2 X 2 HRIHFRIMIETOD GFR O ik &
iodixanol (& X 2 BARMER ML L 1 BIERMIEDZIZEILD GFR O#ZIE, Deming [E

HRIEFES3HT [9] & Bland -Altman % [4, 5] THEHT L7,

3. TR
3-1 Iodixanol DR EEDRE

Todixanol % 5, 10 35 X U* 20 mg kg #%5- U 7o bR IFMAFLIF IR IC W T, &
14



TORET, i iodixanol #EEIE 60 - 150 70 £ TH X L THIEMEZ 7R LIHA L
7z (Fig. 2A). L22L, 5mg kg #5HETIE 150 43 RFODIMLIF iodixanol #REEDS, HR

RS (5 ug /mL) 5 E TR T LT/,

3-2 Todixanol D MIFTHAHER & ERILIFH DR E
Todixanol @ 10 mg T/kg Z EFEFEWFLIFIEARAIZHR G- L, MG THRHER 25~
el A, oAitE L PatFE O 2 M E R L7z (Fig. 2B). £ 2 °C, AUC % 1-2
N—=hKAV NETINE 2-a /= FMA Y NETILTENLLENRD, GFR & HH
(“2-3-77 W) LickZ A, 1.2 /X=X MET /LD GFR fE (195 - 220
mL/min/m?) 7% 2-7>/%— kA2 FEF LD GFRIE (165 - 190 mL/min/m?) &£ Y
10 - 15 %mfEZ = L7z,
BRI, PEAICR T 5 3 [l 5\ 4 [BIERILAR A > kT GFR i %K
W L7 & 2 A, 4[RO GFR A (207 £ 10 mL/min/m?, Fig.3a) & 3 [EIERIMIE
GFR i ("F-¥J GFR %l : 180 - 260 mL/min/m*, Fig 3b ~3e) & ORIZAERITA LN

o T,

3-3 Inulin D MFHEEHRE
Inulin @ 30 mg/kg % ¥ 5 U7 fEEFIEWMAIELIRAIZIWN T, SEIMIE inulin
IREEIE, iodixanol TOGH & [RIARIZ 30 - 90 4314 £ THIEMEZ < L CIH& L2 (Fig.

4), Z OFRIMFFFHICET D GFREIE, 202 *+ 12 mL/min/m® T - 7=,

3-4 Todixanol & inulin DFRE 5217 D GFR DAHBEME
Todixanol @ 10 mg I’kg & inulin @ 30 mg/kg % [Fl—4ZFIFRF& 5- L, 4 GFR A
% 3 [BIER A CHIE L, Bland-Altman V5 CTHEMT L7 & 2 A 15 889 14 58 (K9 93%)

P 9S%IEHERANTH 72 (Fig. 5. WRBRIFFRGIC LA FERIL, BHRBIE
15



E, @Boohikinol,

3-5 GFRIEIZXT ZEE, £, ERBSIOCWHLORE

(REE, INlsds X OVERENIX GFR IS B4 5 2 722> 7= (Fig6A~C), L)L,
RE 120-200kg PV > Tl, AEATALGNRNE DD, BEIENROCRKE 220
7= (Fig. 6A), WA AL HABEO I 7 TV —IZHE LIl L OfIIZ Y, GFR A
ICHERZRIIASNT (Fig. 6D), estimated Vd fEIZ B2 (50 - 200 mL/kg) 1532
ORI, S HIT, WILFDOFHITTN 5 jodixanol (TR H S g o7z,

REFRGAM T T, GFREICK L, W (FIRRLAEFR), FH E»d
) & WIS B-EE A BT BB ER OB VTR L KT S o T,

3-6 1 EERILYE L BHEHRILEICI T 5 GFR OFEBEHE
EREIEWILE (n=81), WILA (n=21) BLOBHEEKTH =7) ZH0,
#elEl (3 [|\) £RILYE THRZ GFRfE, ERILEFRHE] (5 60, 90 & DU M% 120 73#%) %
L O DREE D IME iodixanol ¥ % Jacobsson D= (eq. 2) 12X L, estimated Vd
(n=109) ZRDI=& A,

Beh 60 /3R : estimated Vd = 381.76 ¢ (r=0.83)

£5-90 /3% ERIM. : estimated Vd = 408.19 e %" (»=0.78)

£5- 120 0 BERI : estimated Vd = 321.41 % (»=0.70)
THY, &5 60 pERMOMERE N Kb E-Te, Led>T, LD 1 B
M¥EIZBIT 2R MEFMIX, &5 60 /7 E Lz (Fig. 7). 728, BHEEKRTF O
estimated Vd fE (5 - 100 mL/kg) 1Ef@He4F (50 - 250 mL/kg) (ZH, OREETH
>72h (Fig. 7), MIEHIZ iodixanol DFEEAIE, 524 FFETZ IR W TR H /s
hoTz,

1 [BHR L & SE R I LD &R D 7= GFR OFHREMEZFH~7= & Z A, Deming H
16



FRERIATIZ BN T, EWHEBERFEO Btz (r=0.96, P <0.001, Fig. 8A), 7,
Bland-Altman £ Ci, 2884 (107/109 3> 7L, £ 98.2%), 95%IZHHR AN

& -7- (Fig. 8B),

4. BE

U VEREFRIC IV T, f#if#72 GFR ORIEIEDOMESLZ BRI, AR X A U H
AFEHNTRIFRELIT o7z, £F, HEFRMIEIZIIT 2 iodixanol D 5-& &
BRI DR E A AT, Et L7z 3 H&E (5, 10 B8 LTV 20 mg kg) & TT, I
1% iodixanol JEFE ITMEMEE FF-> T LTz, LovL, {KHED 5 mg kg TiE, #l
TEBRFGT RS L DAL= 72, HPLC (2351 D M R & R gEE & % e/ NRICT
5HZ & HFBREIZAN, iodixanol D551 10 mg Vkg TR E LT, 7ed, T40
FEBr (KT 40 - 120 kg, 6 # H AT ) TIE, 40 mg kg (B 51E= : 0.125 mL/kg)
MDHAWDLILTNDD [21] , AVAZ A FERRATIE, IRED 1,000 kg (2T 2 #
EWHIFET D FRIRE 920 kg) Z &5, BE LT 10 mg Vkg (3% e fe 55
(BeH#R & - 0.031 mL/kg) L&z bl

Todixanol O IMLIEVHARHERS Z5EHICFRRCAH D &, SAmtH & YRttt 2 FPE%
AT EMDE, - A= FAVMNET VL 2. A=A NET /LT AUC
EENENRD, ZNENGFR ZH N LIZEZ A, 1- A /X— AV MET LD
GFR Y 10 - 15 %EfEZ R L7z, LavL, 2- 22 73— KAV METILTIE, Hl
I (9 [FIFT#%) AMETHY, BHRIGHIT#E LW EBX On, Lo, #
WFEDS, BB Z RTZ L A2BREL, DBROBFHIIE, 1- 2 X=X FET
VORI T AUC ZHHT 5 Z LI L, WIS, HRMEICEBT 5 3 [ElH 50T 4
[EEMAA > N TGFREZ RO Lo & 2 A, ZRITA OGN oT-, Lo T,
4 [ IM7ED GFR EIZHR b VWVEZ R L, H/NRFE TR T 5% 5 60, 90 35 L

120 754 % 3 RERIF & LCERA L7z,
17



Todixanol & inulin & ORIEMEDHEGRIZEL D, £7 inulin ORH 7 V7T 7 A
(2B DRESRMZMET L7z, Inulin O 23, 30 mgkg ([ZF%E L, MiETHRRHER
B L OPEA ORI L VD, BRILEFFE (30, 60 38 LTV 90 73#%) ZRE LTz, €D
2, iodixanol & inulin M7 % [Al—4=C[ARF#E G- L, 45 GFR 6% 5K, Bland-Altman
BT LT e 24, muRA—MRN RO, L7235, iodixanol 1%, inulin (2
KoV, GFRHPIEH tracer & LTEHTE D B2 b7,

GFR DOHALERTRICB L, RRHMEHIA (BSA, mL/min/m’) (I HHAHE
(mL/min/kg) K VZELTWD EOHE [21] BHY, £, FVAZA FHHL
AOREIL 200 - 1,000 kg & KERERH D720, ARUFIETIE, BSA HEEZ Hu
7o

GFR OAEHZEHIEE 2B 52NN T 572912, GFREICHRT HKE, M X
OFERB DB LR, BTRONRNoT, B FTIEERIICAS &8
BEREDME T2 Z ENER STV DD, REBRTHWER VAL A U4, 42
THORWHEDOH LBIELOREAFTHL L 200, E (KK : 8.5 i)
DI OGNS T2 DS LIV, 7272, 1KH 120-200kg D7 2 TiX, £
BENORRE o7z, T4 (37-90kg) TOHRIE [54] [Tk D&, REMME &
HIZ GFR DS EINT DA H D Z BB ST 5b, TOBEBAE LT, 2l
225 —H ORRICAE D IR B OIMDBME AR E & U THRN T TREMED RIE 41T
W5, L7 -7T, 1KHE 120 - 200 kg TO GFR EO KX 72 E#hE, kEIZELD b
Dk LI,

WA EWELAE E ORITIY, GFR EICERIIR OG- To, T2, WHF
TIEFLH 25, iodixanol 1T SR o722 &b, FREICHERD T &<,
iodixanol DFLITH~DOBATIEIL, ARFMET T, RIFEE TS LB LN,
Hr7=72 iodixanol BAMAIFHE « 1 MIFRIMEDO R OHESLIZEI L, Jacobsson D [23] (2

A& H L7z, Jacobsson O TIE, KEAED Vd GO IUL, Fe5&, BRIMLEFH
18



BLOMEREN D EM7: GER ERRD LD &) [15, 23] . £2C, Vd &
BT 272012, HEEERIME THE b7 @ 72 FEWALA 3 L OB FLA & B RE(K
T4HORFE GFR 7—# %, Jacobsson DU A L, Newton {5 [48, 52] T “f#

(estimated Vd)” 23K % Z &2 80, LT OH7272 1 BRI A LT 5 2 L3
T&T7,

GFR = 1/ [60/ (381.76¢*%*" 4+ 0.0016)] x In [10/(381.76¢ %' x Ct)] - (eq. 5)

1 BRI &4 (3 [A]) BRIMEA S O GFR fE%, Bland-Altman % CHEHT
L&, BHIT GFRIEDIZ E A D 95 %GR A NIZIEE L T\ e (Fig. 8B),
£72, 1 [BERILTE TR O IR AR ML AR AV A 2 A HFEFLA (IREE 200 - 920
kg, 1-85%) O GFR A (229.4 *= 42.0 mL/min/m®, n=81) 1%, BERE DO
B [1,36] ICEBILTWe, 202 L2, iodixanol Z HV = 1 [BIE- I 1E IX AR
FIMIEDOREE Z VBT V15D 2 & MR STz,

INETY UIZEIT D iodixanol DM (VA) Zrt#l L7z T 4E726
R, —REYIS, 1-3 = R AV NETIVICEET 2FEMOSE, VdiE, o0
MIMHRTETIZIR S5 &, MREIZE LU 50 - 60 mL/kg, MR X ORIERICE)
—\Z AT 5 &, MIEAMEIZE LYy 200 mL/kg, MIFENE TH—I20M T 5 &K
B2 LV 600 mL/kg, & OIZFRHE ORRKIZ mIREICHER T 5 & Vd i, 1,000 mL/kg
A D LV D ABFFETOREEAFOF G 120 77 F TO estimated Vd 13 1 BHZFRU
T 200 mL/kg Kiii TdH D Z LD, iodixanol 1L H & 2 WITAMAASIMEIZAFETE L,
AR REAT - FHET D 2 <, TOEERPICHHES D B2 b,

lodixanol DFREEVEICBI LT, ARIEDEMNKS TH D I U H#EIL, EAEI@E )

DIERINTWD “RIT 47U AR TRIMIE [25] LN TWVWHT &, HiE

B

L 7= jodixanol D #5510 mg Ukg 1%, & FOEEKARE (32 g /60 kg BW, IMEE

EH) OF 115 1Y L, S@FRENMRD Th7rnwz &, WHFOAHTB LY
19



EHEREIR T 0¥ 24 IR #% D ILIE 121X iodixanol (T S a2 &, #iIIE,
iodixanol FLIF~BAT LI EET D &, Vd EAHEK L, [ME iodixanol JEE &
AUCEIFME T L C GFREIFIERT D L EX D T &0, WHLA & izHLA DIH]
Tl estimated Vd fEIZZE (50 - 200 mL/kg) 2B bivignZ &, HFA A a v
RITAF M UREITERY, HEENPDIZE AL EINRWNZ &b, K
WVAB A CFEAA DI O iodixanol DFEEEIE, IZITWETEHLEZ L
i,

LI, Jacobsson D5 LN estimated Vd 7> H R L72 GFR 1%, £ < OREED
SRV LS TWAHD, KEBRMERND, RAVRZA UEILFOREND, B
HMWAEETH D LB Z b,

5. /N

RIVAL A AN TIL, iodixanol D GH-E % 10 mg Ukg, BRIMFFRHIL, &5
60, 90 35 KT 120 73 & A3 i T db o 72, MRERMLEEIC & V15 b o et KX OV
REAE F 4D 7 —# & Jacobsson DA G HOE T, 1 BERIIEDA, (R R Z A
VR M) AR LCE 2 A, BMFERIZE S 60 531%, estimated Vd filIE
381.76e % T o 7o, BAEMERMEE & 1 EEMIED B3R D72 GFR EORIILE
[l —MERHZ O, EEFEERMEOPEMRE L I —B LT\l end, 1 E#
I VX AR S 23 T RE & fibm L 7=,

20
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Fig. 2. Serum iodixanol disappearance curve with semilog linear shape in clinical
healthy Holstein cows. (A) Serum mean concentration disappearance curve when
intravenously administered 5 (closed diamonds), 10 (open circles), and 20 mg I'kg
iodixanol (closed triangles). n = 3. (B) Serum disappearance concentration curve from
iodixanol postinjection 10 minutes to 180 minutes later. Dotted line indicates the 1-
compartment model. n = 3.

300 -
250 A
200
150
100 -
50

%%%%Q

GFR (mL/min/m?)

a b c d e
Combinations of sampling times

Fig. 3. Box plots showing GFR levels in the multisample method by the combination
of various drawing blood time after iodixanol intravenous bolus injection to clinically
healthy Holstein cows; (a) 60, 90, 120, and 150 min later; (b) 60, 90, and 120 later
(gray box); (c¢) 60, 90, and 150 min later; (d) 60, 120, and 150 min later; and (e) 90,
120, and 150 min later. The horizontal bar in the box represents the median. The top or
bottom in the box expresses 25 or 75 percentile. Upper and lower bars indicate
maximum and minimum values, respectively. n=3.
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Fig. 4. Serum inulin disappearance curve with semilog linear shape in clinical healthy
Holstein cows. Dotted line indicates the 1-compartment model. n = 3.
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Fig. 5. Bland-Altman plot showing differences between GFR values by the multisample
method using iodixanol and inulin after both reagents were co-administrated to healthy
Holstein cows. Mean bias (solid line): -5.3. Upper and lower values indicate 95% limits of
agreement: mean bias + 61.6(dotted lines). n=15.
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Fig. 6. Box plots representing influences that the body weight (A), age (B), parity times (C),
or lactating yields (D) gives to GFR estimated by the multisample method using iodixanol
in clinical healthy Holstein cows. Conceming lactating yields, dry, < 30 kg, < 40 kg, and
40=< kg means cows with non-lactation, less than 30 kg, less than 40 kg, and 40 kg or more
milk per day, respectively. The horizontal bar in the box shows the median. The top or
bottom in the box expresses 25 or 75 percentile. Upper and lower bars indicate maximum
and minimum values, respectively. Point markers signify outliers and asterisks mean
extreme outliers. n=6 to 7.
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GFR sought by the multisample
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Iodixanol concentrations (C: pg I/mL)
at 60 min

Fig. 7. Scatter plot showing relations of estimated distribution volumes (Vd) and
serum iodixanol concentrations (C) at 60 min after iodixanol injection in healthy
Holstein cows (@) and cows with naturally-reduced renal function (). n = 109.
Estimated Vd = 381.76¢ 0958 r=0.83 (p < 0.01).
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Fig. 8. Relations of GFR values estimated by the multisample method (GFR
iodixanol,y;) and the single-sample method (GFR iodixanolg,,,.) using iodixanol
in healthy Holstein cows (@) and cows with naturally-reduced renal function ().
n = 109. (A) Scatter plot of GFR values between both methods by Deming’s
regression. Y = 1.03x - 836, r = 0.96 (P < 0.001); (B) Bland-Altman plot of
differences between 2 methods. Mean bias (solid line): -0.9. Upper and lower
values indicate 95% limits of agreement: mean bias + 29 2 (dotted lines).
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F2E BEMERNASICRITSBERKAEERE (GFR) DORIE

1. /M

B 1T, AAVRAZA CREAAICEIT D GFR JIEEOMSLZ HINIZ, £7°
tracer @ iodixanol & inulin D& G- &3 L OBHEIERIMIEIZ 31T D8 MR 2 58 & L 72,
Z D%, M tracer & [Al—FIZFIFHR G342 Z LIZX D, iodixanol 2% inulin (24
D, GFR fIEICICHTE S Z 2R L7, S 612, fEF & BHEIE T oM
[FIERIMEDT — 4 & Jacobsson DI [23] ZFHAGOE T, H72 1 FERMIEIC X
% GFR BHAD RN A Z A AEFA 1 BRI (LT, ARV A X A R 1 BRI
L) ZEH LI, ZHHDORNVAZ A VRS TORGEN D, B M TOERE GFR
tracer T % inulin 1%, WHEH 2 WIFREICHHAZZE L, 558 (iodixanol: 0.031
mL/kg (Zxf L inulin: 0.3 mL/kg) %<, ZHHTIIHR G HICHEITH LA W
O, UVEREROBISICH - EERITELVNEBE X O,

ARETIX, 7O GFRAEIZEFE « RHENMFET D20ERAOLNT L L%
Heule, BEMERNHAS CUF, A4 ZHWT, 1 ETORLVAZ A FE
BT L7 7 —FEICHER L, SRHERTOREXIToTo, £7,
4% IV C, jodixanol 3 & OY inulin O MLIETH 268N, BRIMEFRE O E, M tracer
DA —HFIZ RN 5 TO GFR ED R —ME L & HITIRE, Ik L OERE O
ZRARERIMIEIZ K - TRz, D%, FAAZ A Uf 1 RIS HHEICE
WTHIE L TR TE 52, (R X ORI FER 2 AV, SEEERImE
225 D GFR & DRl — M &2 ]~ 7=,

AAED GFR JBIE BT 2 M X E TRY =50, Lz->T, WA
4-C GFR JIEN FIRE & 7o, IEBE RS TRAEFEOEWVRAEZILILDET S
BRI TEF OZWNIIISH TE DN H 5, RETIE, 16 ERRGES %

V4 LU, GFR HIE DEERFHIZ L P HOW T S REE LT,
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2. MEEB X UHE:
2-1 EREY
HFB1ED “2-17 LEFED iodixanol X Winulin 2 L7=,

2-2 EHEY

AAMXORY (BiK) SAEFRFEWEZ 4 — v F U¥—F &2 —HH
MRS (A, AF) TEREINLTWHREEEZRAMA 60 5% H - (Table 3),
o Rl ARG O FAITHIRORAA L B LG E L, 6 » Himl EOERS LUK
FIXEAGHER S B 0 IR TR L THIROBL AR A2/ L, #okix
HBERI e, F7o, WELBEHERIKTRAGIT 11 8T, ZOoNFL, 48
LR, BERESE, PEIRBESE 7 IXRBIEE 2T 5 RAE, 2 SAY PRI HE D BikhE
KT, 1 EBFERAHOBKEEIRT, 2 823l (19 & 26 7%) (& 2BEEIRT
BLO2BENZ v—T 1 16 KT KIBJE [17] Th 7= (Table 3), 2JEH] T BUN

(30 mg/dL LA |) & 1Mk creatinine (1.2 mg/dL BA E) O EFMF S Hiv, —K2 4,

Bl L BERE R, MK - RRED D VITEETRAEICI VB L, FOERY
WL, ETHAREREM FEZOTA KT A4 [24] ([THERL, BFRFEREY

ZEESTHERE (A201139) STV 5

2-3 &F7 V7T I URE (BEEERMLE) [2X% GFR OHIE
2-3-1 Jodixanol ¥ 721 inulin O fFH RS
AIFE O iodixanol (“2-3-17) & 5\ inulin (“2-3-37) OHENKIET —4 2%
#1Z, iodixanol & inulin DM &EIL 1 HEDOA L Uiz, ®ERRFMAAY (b =3) I
iodixanol ™ 10 mg Vkg ZSFFFIRPICERER G L, BOHAIOSEFFARICHE L0 =
— L (UK-BT—T /% v b, 14G, ==Fh, &) 2N L, &5H], &55,

15, 30, 45, 60, 90, 120, 150 33 X ¥ 180 43 @& 10 [mlERf (1 mL) L7z,
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[AA%IZ, inulin @ 30 mg/kg ZEEFEZRAM4 (n=3) ([CHRIFREL, F 10 B
m L7,
2-3-2 Todixanol & inulin DRIRFEIZB1F 5 GFR DOFHEAM

fRE 72 WA (n=11) T iodixanol @ 10 mg I’kg & inulin @ 30 mg/kg % &k
N bolus #¢5- L, #5000, #4530, 60,90 3 LT 120 328k (2 mL) Z& 5 [E

1To7,

2-3-3 GFRIZXT 2HHE, FklUOEROEE

72 A (n=43) 12 jodixanol @ 10 mg I/kg % &k bolus #5-L, #%5-
A, #4560, 90 38 LT 120 0 IZERIL (1 mL) %47V, GFRIZXIT HKHE, i
BROERB D E LG~

2-3-4 BEHEEETHIZEBIT S GFR

RAYE, 7a—7 116 KRB, THRIZFES BT, JRERHOE
FEREIR T ds L OV IR IZ L 0 BAEEMK T L 725 11 BHIZ iodixanol @ 10 mg Vkg % &
IR bolus #5- L, #5-Hi, 5% 60, 90 36 X O 120 3kl (1 mL) 2170,
GFR Z K7,

2-3-5 MLiF iodixanol IZEDRIE & MIE(LFERE

1f13% iodixanol, inulin, BUN, creatinine #1355 1 BTtk (“2-3-67) (ZHEL
THE LT, 7o, WHFICET D intra-assay & inter-assay DA BRI (CV) 1
RN (5% LLT) THY, £72, SAAX A VR L ZR I L0 o
7=

2-3-6 GFR DEH
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B1ED “eq. 1”7 (“2-3-77) 1TV, GFR (mL/min/m?®) ZHH L7,

2-4 HRNVAREZA R ERLORIZE D GFR DEH
F1ED “eq. 2 B3 Weq. 57 IZHEV, GFR ZHIM L7z, T720b,

1 dose

GFR = x In
t/Vd+0.0016 Vd x C:

Todixanol 7E&+ & (dose: 10 mg Vkg) , t (BRIMIERT: 60 57) , t BT (60 43) D IfL i iodixanol

EE (C) BIOREH LEOMER (Vd=2381.76¢""%Y) % Hu /-,

2-5 MREEHALE

B ONTZEET — 21T FAME (mean) THEHE(RAE (SD) THE L7z, 3 BELL
D Ll I — JCELE 3 0T & Dunnett’s test 2470y, P<0.05 TAEZH D & LT,
Inulin & iodixanol |2 & 2 BFIERIM % GFR D LblE, F721IAR /LA X A 1 [EER L
I & BAFEIBE LA GFR O gL, Prism 5 (GraphPad Software, San Diego, CA) % H

N C Deming EAREF0HT [9] & Bland-Altman % [4, 5] 2K ViTo7,

3. MR
3-1 Todixanol & %\ i inulin D IMIEE &
Todixanol @ 10 mg kg 5 LT @EFER AW T, MIGREILER S 45 -
180 43 F THREL DM 2~ L TIHK L= (Fig. 9A) . Inulin @ 30 mg/kg & B 57
D&, &5 30-180 70tk F CHLIGIREIZEMRAICE T L7z (Fig. 9B), Iodixanol #%
530 - 120 3% ETD 1- 228 R A2 VETMTEIT S 4 sEIM1E GFR E
(172.4 £ 10.9 mL/min/m*) & 3 sFEML%E GFR i (175.2 £ 10.0 mL/min/m?) (2

ZEIIERD LN o7, Inulin I2OWT S, 1FIFREEEDENIE ST,
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3-2 Todixanol & inulin DEFEIZET S GFR DB

Iodixanol @ 10 mg I/kg & inulin @ 30 mg/kg % [A]l— @ EEPY 212 R RFEF RPN ¢
F942 &, 2TOU D GFR HD 95%EHIRANIZERD &7z (Fig. 10) , lodixanol
IZ XV K72 GFRAE (164.9 £ 24.6 mL/min/m?) & inulin T GFR i (164.8 = 20.0
mL/min/m*) ORNCIFZERIT 272, iz, FRREIC L D B e lRER I8
BINnienol,

3-3 GFRIZKITHHKE, Fik I UOERROEE

WHAD GFRIZKF L, RE, NNlsds L OBEREIIZE L ) -7 (Fig. 11),
L2~ U, AR 300 kg A T 1 A O A= O GFR 13, 228 23 K & 7> 7z (Fig.
1), 7236, AREETTIE, SEH (BREETF) ORBIR Lo T,

3-4 BHEBET4ICEITS GFR

RENE, 7 v—T 4 16 R REIE, THRICHE D BHEEEIK T & K OURIE AR
DOEFERER T4 T, GFR fEIZETFL, ZHUIk L, BUN BL UL creatinine
BEO FRENA LN, ZO%A, GFR & BUN [, 721X GFR & [fii# creatinine

T, 23S L7222k 258 0 biv7z (Fig. 12 & Table 4),

3-5 FERMEE SNV Z A 1 ERLRICET % GFR OFFE

fERE 72 9 A & B HERE I T 4512 dodixanol Z #¢ 5- L, #AEIER ML TRD = GFR
i, HRAAZ A FE 1 BRI CR® 72 GER B & ORI Deming [EFRENF 54T
TREAZMBEMY (r=0.89, P<0.01, n=71, Fig. 13A) 238 54172, Bland-Altman
LTI, 718ET 6558 (K9 92%) 728 95 %(EHRAICH 0, WA D[R —PED R
iz (Fig. 13B),

fE i RfEA 21 ETRDIZE T A, (KH 250-700 kg, 1 -6k DOEEFEA A 60
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HHIC BT 5 iodixanol #AEIERIMIED GFR fE (177.5 *+ 56.4 mL/min/m?) & ARV A X
A FE 1 [EERME GFR 5 (1742 = 64.5 mL/min/ m?) 133EELL T,
FHRIZ K VRO T estimated Vd 1%, R4 (138 £ 26 mL/kg) 2SEHEREIR T

4 (38 = 8mL/kg) LYV AEICHRMETHST,

4. BE

1 BIZBWT, AV AZ A AN D GFR % iodixanol & Jacobsson @ 1
[EEiMm e Jic, Hrizesl Ry A & A U1 BRI Z1EH L-, A TIX
WHA & RNV AZ A LA O MR T, AR A UF 1 BRI S LT
FATE 50, BLOWHHEER T GFREICAERNH 5 REt L,

AT iodixanol & FHIRN bolus #¢5- L7 & 2 A, RAAFZ A TN L [H
R 2 FEEDIER Z R L= (Fig. 2B & Fig. 9A), HEIAHD 3 5id 20 % 4 Bk
K%, 1-2 0 78—= R AV RET /IS TIED GFR RO & 2 A, HRIMFFRHEH
T GFREIZER AN -T2, LTER-> T, AAFIZEBWTHHRLAX A
FEFLAIFAR, iodixanol DG &I 10 mg Vkg, ERIMKFFIX 3 A (&5 60, 90 B L

U12047) TRWEEBZ OGN, F72, inulin IZBIT2BFITEH, RmAAZ A F
AAORAEE KL< 8L (Fig. 4 & Fig. 9B), inulin O# 5513 30 mg/kg, HilLkF
T 3 0 (530, 60 FLT090747) LAEEDREMENRNEEZ BT,

lodixanol & inulin % [A] —fE{A&IZ A% 5 L, 4 GFR fE % Bland-Altman i Tfi#
Frilce Zh, BRTOMED IS%EFHRAAN (Fig. 10) IZH -7, £7-, GFR HFx
fE® iodixanol & inulin TIZR < —EH L TWe, ZTDIZ &b, iodixanol 1T inulin
ORI, WHFIZENTS tracer & LTHEHATESZ LR BNERoT,

P40 GFR IZx9 2 KHE, Mk K OEREOREBITIR S e hro 7273,
1 AT (RE 300 kg Aiil) OEAD GFR 1%, RV A KX A FEAA & FEEIZ (Fig.

6A, B), EEIENRE o7z, ZOHMBE LT, HAER, WAL EBEE~D
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BB DAL S fRFI PR —H L BIUE DN T v 2D, H—HORER
R [54] , MEKEOHENS 2 WITEBOKERIC X 2 HEm CoMmeE®) (F
M, GFR 38 K OV FRME O WIS WEEDHEN) NHEL ST [49] .

BREREIK TREGIORER DS, BT b D DIRAIED DM & Z DOFiiE%
T %59 2T, GFR HIEIFAMRFELEL LN, LaL, KIFFETIE, 7%
BIREEGI O T D72, RERRE KEPER), BRTED 5 WVITE % IR
HER LT ECHREBMIEZTOLERH LG LitZev, LI > T, RATKED
v—H—L LT, A%ILBRIMFADBLETH D,

RIVAL A HE 1 [EERMD B3RS 7= GFR 8 & SR 5 D GFR ED
[FIZ1X, Deming EAREIF M CRAF72FHEAME (r=0.89, P<0.01) DAL, F
72 Bland-Altman {£(ZB VT H, 71 BHH 65 B (F9 92%) 7% 95 %lEHHIRF AT &
Nice, O ENG, RIVAZA ] EERLAL, SERILECRDY, AH
FTHIBHFRETH D Z EAVHIB LTz,

RIVALZ A | AT, E{Rf(C estimated Vd fE % L7 iodixanol %
FEDBIRO D Z ENHADD, — I, PO VdED 50 - 60 mL/kg Tl
DA, 600 mL/kg LA FCIXME (MifEsh) P IComfFET 2 EEbhTnd
[10] . EHEREIR T 2F 0 jodixanol @ estimated Vd 1%, 40 mL/kg Aiif TH D Z & o>
5, EFFICEARMAPICESEE LTS B 5N, 24 FEFHICIZMN AT
D Z LM DM~ D AT RN EE R BT,

[Al—{RE (250 - 700 kg) TRHEIFH (1-65%) OREEEZRKWHA4 (Table 3) & 78
WAZA FEFA (Table 1) OFF 5 GFREZ MG 2 &, BBREWZ L2, SN
BRIMIER L OBV A X A f 1 [ERn e b, WHA CEXIME : 176 mL/min/m®, n =
60) DIFH, BIVALA A (229 mL/min/m®, n=81, % 1 %) (ZHAB 50
(CARE AR L7 (Table 5), ZOZERIE, MESRLEVREOE [46] , WILEICH

LU REDFE, WIERE EHOKEDER E%4 < DBEROBE G135 2 bIZNR,
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PR TR, FEMEZS, PEREEE & 5\ MTRTIE 2 FH 9 5 JRAIE D A 1%
ISRV AL A FEIFITHARE N E D, FEHE T OB ORIERE O S
(BN 5 Z LRI S T, A%, Fix OBREL T THE I TW D RH4O GFR
B2 JAFISH N, ARG LNTET —& & OBIEEN RO DREET 20BN H 5,
4T D iodixanol DFRRIMEIZEE LTI, ARV A X A FEFLARFIER, iodixanol
OG- IMD TRV Z &, & iodixanol L IE 24 FFHZIIIME TE 20N 2
&, B U72 X 91T estimated Vd IEDORREFHEE 22 HE 2T, BT~ iodixanol

OB ITTFEHATE 2 L b,

5. /NE&

AT D GFR M1, iodixanol DIMIETHAHER & inulin TR 7= GFR
EDR—MHENS, R AZ A AFEFLA & FIERD iodixanol D5 10 mg Vkg & £
MR 60, 90 F6 LY 120 431 THIE N FIRE Tdh o 7o, ARSMT TR O M RIER I
BEIZE D GFREIL, “5 1 T TEH Lo AV A X A U | [ A TR D= GFR
e L —&HELTWE, LERST, RILVRAZ A 5 1 HEfAT, W40 GFR
HEIZHFHTE D &k L7z,

34



"M09 dUIEs A JO osn JudsaIdor sasAyIuAIE

J[ewW PajAISLI ) (9[eWJ

0'1-7'0 ST-01 9-1 00L-0ST (I¥) 09 d ss00 Aupreay] Afredrun)
0'8-T'1 08-0€ 9z-1°0 09L-0% (D11 D/ SOsEd [BoI )
0'1-+0 §T-01 8-€°0 018-0C1 (1€) € d Ayred pue o3e ‘Mg
0'I-+0 S0l 1 09€-00C W11 d upnur pue [OUBXIPOL YA UONENSIUIIPE-0)
0'1-+0 $T-01 ¢-1 01S-0T# 99 d doueredddesip wmiog
(‘Tp/Bw) (TpBw)  (s1eak) 3) (U XS swon Apmg
QUIUN) BAIO WINISS NNg By WBom Apog
soguey

SIIPNYS IANIIA ST IY) UI PISN SM0I JI3q YIr[q Isdueder Jo sa[goid pazuewwing °¢ dqeL

35



Serum iodixanol concentration
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Fig. 9. Serum disappearance curve with semilog linear shape in healthy beef
cows. (A) Serum mean iodixanol disappearance curve when intravenously
administered 10 mg I’kg. n =3 (B) Serum mean inulin disappearance curve

when intravenously administrated 30 mg/kg. n=3.
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Fig. 10. Bland-Altman plot showing the differences between GFR values using the
multisample methods using inulin (GFR inulin,, ;) and iodixanol (GFR iodixanol, ;)
in healthy beef cows. Mean bias (solid line): 0.16. Upper and lower values represent

95% limits of agreement: mean bias & 46.5 (dotted lines). n=11.
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Fig. 11. Box plots representing influences that the body weight gains (A), age
(B) or parity times (C) gives to GFR estimated by the multisample method
using iodixanol in clinical healthy beef cows. Median and quartiles are
displayed in the box. Upper and lower bars represent maximum and minimum
values, respectively. Diamond markers indicate outliers, and asterisks indicate
extreme outliers. n =6 to 8.
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Fig. 12. Relations of GFR values estimated by the integrated formula and BUN
(A) or creatinine (B) in beef cows with naturally-reduced renal function. a, ;-
urolithiasis; b, and b,: Claudin-16 deficiency; ¢, and ¢,: diarthea; d: Unknown
origin. Stipple areas represent the reference ranges based on the background
laboratory data. S: serum

Table 4. Detailed profiles in clinical cases of Japanese Black beef cows

Body weight GFR,, i BUN  Serum creatinine

No. Birth date (kg) Clinical diagnosis Sampling date (mL/min/m?) (mg/dL) (mg/dL)

al  2011/12/10 130 Urolithiasis 2012/6/29 59.7 71.7 5.14

a2 2011/3/6 263 Urolithiasis 2012/1/4 413 78.3 8.48

a3 2009/9/20 757 Urolithiasis 2011/10/28 87.1 80.6 9.50

bl  2010/7/22 140 Claudin-16 deficiency 2011/4/1 42.7 88.4 9.89

b2 2010/7/22 130 Claudin-16 deficiency 2011/5/12 45.0 38.2 3.82

cl  2012/71 43 Diarrhea-related reduced kidney function 2012/8/1 95.0 422 3.91

c2  2011/9/5 69 Diarrhea-related reduced kidney function 2011/12/16 27.3 107.6 4.12

d  2012/9/20 19 Reduced renal function of unknown origin 2012/10/9 61.9 123.6 6.42

GFR,,uii: GFR estimated by the multisample method using iodixanol
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GFR iodxianol,, . (mL/min/m?)
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Fig. 13. Relations of GFR values estimated by the multisample method using
iodixanol (GFR iodixanol,,;;) and Holstein equation (GFR Holstein equation)
based on the single sample method using iodixanol for Holstein dairy cows in
healthy beef cows (@) and cows with naturally-reduced renal function (). n
=71. (A) Scatter plot of GFR values between both methods by Deming’s
regression. Y =0.99x —2.87, r=0.89 (P < 0.01). (B) Bland-Altman plot of
differences between 2 methods. Mean bias (solid line): 0.01. Upper and lower
values indicate 95% limits of agreement: mean bias * 51.6 (dotted lines).
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BIE HREXZHVEASBIUCRASOBARRERER (GFR) OHE

1. /NP

F1ETIE, FVAXA FEILFO GFR 2 IET 572012, 1ML (R
WAL A FE D AR Z/EH L, GFR BME{EICHETCE 52 &2 R LT, 6
2ETH, BREMEANAFICEBNTY, RV AKX A UHE 1 EEL G EETH
D, EHERBIRTA T, BIREIC GFREDME T L TWAS Z & 2R LTz, S HIC
[l — DREI L ORI OREFE /2 AV A X A FERLA L WA ClE, GFR RIS
ZRNHY, RVAZA AFEI D EEZRL, MEENRHDLZEEPALNTL
me TNOLFKEEEZADED L, tracer & LT iodixanol Z % &, AL A X
A REFAE LA L T, RA—DOMEMETGRR ZHETE 5 Z L3I LT,

ARF T, Jacobsson DR [23] D EMED 2 WIT A MEDORGEEEZ B & LT,
H1-2 B CHWIEEL LB T OBV A Z A LA E AL A Y
T, B 1 ERMAAERX LT, AR OfFHERARTZ, 2otk @4
AWT, BEEME, RVAZ A A RN X OGN TR O 72 GFR EE
g Lc, Zhb 3ETRO A GFRIEN R —Thiud, fx ORfEERFILH
% b DD Jacobsson DADZUMEZFEHTE 52 LT D,

b b Tl%, GFR & & i creatinine EORIICIZ, GFR ENIER L EIED 70 -
5% T LT, #1HTHMIE creatinine A LH-3°2 & dlhy “ K7 <" BFEET D
[49] . ZHE T, iodixanol & Jacobsson DX DMAAEDHT, 7w b [29, 30], V
PX [37], x= [28, 31] BLOF [21] @ GFR fEA | [alEefykECHEIE L, I
1% creatinine fH& O T, ZO K7 =RZEFRIAES LTS, LR -T, Uil
BT, BAETEAUE, GFR HIE X FH O B HEREIE E O 2 K& A TR RE D
BICAHTHLZLDOIEHD—D LY 2D LEZBND,
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2. MEIB X OHEE
2-1 EFAEY

F1ED “2-17 L [FEEED jodixanol ZfEH L 7=,

2-2 EREW

AR (E3R) B L OEFRERATME T 4 — F V¥ —F By —
AR (Fh, &) TR I TV AHIKRE 200 -900 kg, 0.6 -8 DR/ A
HA FEFLA 105 B (fdReAs 99 H & B BEREIR T4 6 8H) 6 L OBRBARE A A
72 58 (fREA: 63 HH & BREREIR T4 9 8H) ot 177 HE MW e, T o@mo i
(X, SHTIZBIN U TR AR 2 2 A LA O 10 BHE BAAO 1T ENREENT
W5, RIS AR, MRRAES X ORME TEENA o2 bDE LT,
BHEREIR TARE, B1EEHE2ED 227 RS TWaEEZAWE, fME
FEBFRETH D,

FOWYHNZ, AREREDFTROTA RT A [24] ITHEHLL, BF KT

EREWMEE S TERRBIN TS (A201027 3 LT A201139),

2-3 i iodixanol B E D HIE & MFLFERE
7% iodixanol J&, BUN 33 L ML creatinine JEEF 1345 1 3 Catab L7-Fik

(“2-3-67) I[ZHEU CTHIE L7z,

2-4 GFR OHIE
2-4-1 #HEEIERMEEIZ X D GFR OHEH
RIVAE A A LA OE 177 BHIT iodixanol @ 10 mg kg % Flk

N bolus % 5-L, ¥ 57, 5 60,90 35 KON 120 453 I2F1M L 7=, GFR OFHIE,
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H1ED “eq. 17 (“2-3-77) M\, GFRAEIE, AFEAHR (mL/min/m®) [18]
ERERE (mL/minkg) T LT,
2-4-2 HRNVAREA L EHFLRICES GFR OREH

RNVABZA A KO OF 177 82 IV, “2-4-17 ©F7 —% ($H]

BIMiE) #RIZ, “eq.2” (1 ®=ZM) MW, GFREZH I L, T74hbb,

1 dose

GFR = xIn
t/Vd +0.0016 Vd x Ct

- (eq. 2)

iodixanol D¢ G- (dose, 10 mg Ikg), 55 DOERIMFFRH] (BRIMLFFHE: 60 53), %
DO S O MY iodixanol EE (Ct) BIUOEH L7-0M A (estimated Vd =
381.76¢ 0% A L7z, GFRAEIL, AEmAEHRE (mL/min/m*) & {AEHEH

(mL/min/kg) THE L7,

2-4-3 #HARICL S GFR 0EH
RIVAL A RIS LOCRAFOGF 177 2 v, Eie “24-17 oF —%
(BEEIBRIMEE) %2552, GFRE, iodixanol M#5 & (dose, 10 mgl/kg) L O
544 60,90 & 2N 120 45 (1) FFOIMIE iodixanol #EE (Ct) % Jacobsson [23] @

X (eq. 2) ~MUAL, “eq. 3" ODXIITER LT,

det% o (eq. 3)

BoTfiE (estimated VA ) Z#EEHIZ, 7 CtE (Coomins Coomin F 721E C120 min)
ZREEHIZ & O scatter plot (2 & » T,

Estimated Vd = o’ -+ (eq. 4)
& 72 LB A i 729 estimated Vd 52 sk 72, GFR fEI, iodixanol D ¥
h.#& (dose, 10 mg Ikg), 5% OB (1), & DEREOIMIE iodixanol #i£E (Ct)

FBELUVA = estimated Vd & LT “eq. 47 % 7L Jacobsson [23] DD “eq. 27 ~
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HOMUAT S Z L XY ko, ARREHREA (mL/min/m®) & AREHRHE (mL/minkg)

TF LT,

2-4-4 AR L HEEERMBEITIBIT D GFR OFEEM
RIVALZA FEAEB X ORALEORH 177 82 AV, BRI E & e
5RO 7= GFR DO[R—M: &2 i~ 7=,

2-4-5 BEEIBRMLYE, RNVARZ A U1 ERLERS K OHEERICKIT 5 GFR &
=

R RNV A Z A R KO A4 OF 177 34 AV, BHERRME, &L
AL A R EHRMER L OMARO 3 EN DR GFR R %, R mfkG

% GFR & AHE#H GFR TROE#EE L7,

2-4-6 HAERIZX S GFR & BUN & B VWXL creatinine 15 OFH M
72 A 4 63 85 & BEEEIN T4 9 BHDEF 72 B A W, HEA TR O 7= GFR

L& BUN & D W EIMYE creatinine JEEE & OFH M 2 1~ 7=,

2-5 MEHLE
BT — 2 1A (mean) THEYE(RZE (SD) TF L7z, HEEIMEE GFR
filfl &A1 [EER M GFR i & OH#RIE, Prism5 % fV T Deming ELARENJF 04T

[9] & Bland- Altman 7% [4,5] TiT7-o 72,

3 R
3-1 FHARIZ X D estimated Vd DEH

Etimated Vd (n=177) Z R+ Z A,
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Beh 60 /BRI : estimated Vd = 335.46¢ 7" (r=0.81)

590 434 ERIM : estimated Vd = 350.84¢*%* " (»=0.81)

b 120 4314 ER 1ML : estimated Vd = 362.82¢ %" (r=0.73)
ThY, &h 60 & 90 R RIMOMABRIRE D B b o 7oy, IR 722 BV 2
EBREL, mAERICBT 28MEERIE, #5 60 2% & L7z (Fig. 14), Estimated Vd
i, BHREIRTA CEXE : 35 mLkg) 1F6EFEA4 (143 mLkg) (ZH, KEZE

R~LT.

3-2 AN EHEERRMIEIZIIT S GFR OFHBEM:

A & BRI ILIED & KO 72 GFRAEDFHEA 2 7i~72 & =5, Deming [ELf#
[ AT Tl B AF 72 FHBAME (y = 1.02x - 4.03, r=10.93, P<0.001) 2358 H 7= (Fig.
15A), Bland-Altman {£ T, 95%{FHHIRAMITHI 96%D 7 2 (170/177 BH) HAFAE

L7- (Fig. 15B),

3-3 BHEERME, SNVREZ A 1 ERLER X UOHRERICIIT 5 GFR & HfE
=

3VED DR DI AR IR ARV A & A L FEHLA & A0 GFR 5 5 fifl % (Table 5)
(R U7z, M GFREIZIX, 3{EMTEIIAONRNSTN, RIVALZA
A4 ORFHRFEHLE GFR E CEXMEHEFR : 229 - 231 mL/min/m®) & WA4DO &
FEFEHT GFR fE (174 - 177 mL/min/m*) ORI IZIARMEZR 03RO B, 728,
{REHE GFREIZBWTH, Zb0T —X LERRFERTH o7,

3-4 HARITL D GFR & BUN H B VWVIMIE creatinine 1B OFHBEME
fERER 4= GFR B &Ml ((E¥J GFR : 175 mL/min/m?) 725 70%FEEK T

T2 &, I creatinine #i% D LAMEM A S 72 (Fig. 16B). —7F, BUNIZ/NT
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Y ENEL L, WML A D e 572 (Fig. 16A).

4 BE

Jacobsson DRUE, Jokb M DEFEFE GFR 7 — % & FIAERL S 4172 Tl
(prediction equation) TH Y, Z< DEGEANEZENTWDHN, RiEEFEIZ LT 1 [F
BB, 7> b [29] o= [31] IZBWT, BRICHIERCERIR B CIGH S 41T
Wb, —J, 1,2 EOMET, @E4O GFR HRAEICIE, SEERALNLD D
OO, HEEERIMECE 228527 V7 70 AETIE, F—0HEMAE (odixanol #
5 10 mg Tkg, BRMEER : 60,90 35X Y 120 43) TGFR 2l ETE 5 Z L3
LnElo TS, KETIE, H1 L 2ETHRA LB LOHITEMm L4
INBTIRD RN A L A AR E WA OFH 177 SO BRERILED) & D& TS GFR 7
— 4 % Jacobsson DT L, estimated Vd = 335.46¢ "0 23R, #Hiiz Znii A
(60 7314 1 [EEMM) A AR LTz, 20k, 1367z GFRAE A BEER ML & AL A
ZA 1 BRI D OED Rl —M 25, Jacobsson DI EME (24 PE)
ERRFE LT,

AN TO estimated VA EIF, BHEREIR T4 CEYME : 35 mL/kg) TlLbdRES
(143 mL/kg) (ZHARBOMNEREZ R L7, H1 2B ThmbLzEEB0,
EHEREIR T4 T iodixanol 1X, MHIZHE £V MARRRICEAT - FRET 2 Z & 72 <,
WmAIZRPICHRE S LD L& 2 BTz, 723, MIETIT iodixanol 1%, EHEREIRT
FIZBWTHBRAEOE R IZIIRAEINT, ZORMEEMNTLHDTHo7e,

A & AR M TR O 7= GFR OIZIE, Deming ELERIEIFHT T EA4f 72
FIBIME (r=0.93, P<0.001) 3% 541, Bland-Altman iEATIZEWTE, 95%(F#H
FRAAPNIZHI 96% (170/177 8E) MAFFEL TV e, ZOZ EnD, e,
BBV R TE D EE 25N, 7THEOBRBEMW OISV TIE, Bk

IZT&E o7,
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GFR S RA L, [l X ONRAEE R O 22 AR L A 2 A R
EWHAD GFR Hsufa %, MERINGE, RAAZ A f 1 [EERLRE H#AENTH
B U727y, 3{EMTERIIALNT, RTHR—DOENSG LN (Table5), —7,
RIVAL A AAEILA (P 230 mUmin/m®) & A () 175 mL/min/m®) [#]C
1%, GFREICHIMEZRR M EDN RSN, F2HEOT —FZ2EZMHTHHDOTH-
oo Lo T, MARITIARNVAZ A U FEAFEAARICHE L THEHTE S &
EBEZBNED, BIE TR Z & MEEICOWTIE, fFE FIESCHIRE &5
BER DR DNME L Bz,

A TRD 7= GFR H & LG creatinine R & ORIZ, H#H) “F7<" %
AT 5 DO TH -7, GFREE BUN & OBRITRAKE TH > 7=, i,
creatinine (X RME 7225 T < —FB W S D (Tl E 72038, BUN IZRAME 7> 5
BN SN E NI ERNZFEEIOEWVWAREG LTS EEZEX 6N [49] . 202 &
Mh, AN TRDZ GFREIZ, BFEEZ RWICHRET 2 f81E & 5 AF Tliise D
R 55 Z L SR S iz, Katayama & [31] 1%, EEEER X OVE MBS
(International Renal Interest Society 73D A7 — 1-4) O a2z HWT,
iodixanol & inulin % tracer & L, Jacobsson D & flAGHOH T, 1 [EHEEMIEDORN
EENENEN Lz, £0%%, [A—3 22 tracer Z[RIFFE G- LC, 1 [BEEMET
% GFREZ RO L7 & 2 A, F—O GFRENEGLNZEHME L TND, =
NOXRADRIE L VDT —F 2B HDED L, Jacobsson DRUTIE, %< DI
(Bl Z X, E£%00.0016) BdHDHHOD, BFEIZLRD Y 72 < GFR JIEIZIGHT
EhHeEZXLN,

U VERERICEBWT, AN EFIH L7z GFR OHIE, AW LEMmIZ &
HA NV RAZER/NRICED, F7-, tracer OFEFELIZEEE T2 0D, &
AUE THREER, R & ERARAEICEH > TERBURE RES L XD AN H 5,

B 218, AHAICBIT A2 RAIEDORYFER A7V —= 7, GFR DK T 10,25
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-(OH), B4 X > Dy AERRITHE L, FEEROILEAD D WK L T A MUEFRIE D F
R FIZ72D 2 &, BDHUVL “dietary cation-anion balance” [14] D L 9 72 il D
KA K AL — 2 AT G4 5 ATREE DM S, AR ERRELE T GFR OIS H D
Mrrsinsd,

INFE

RVA S A CFEILA E WA ORI MEOERT — % H LA (1 B
%) ZfEH Lo, #A 3D GFR B =l 2 SRR E & ARV A X A Ff 1 B
T L7z & Z A, 3EMTHR—O GFR ER GO, £, MHEZEIZOWTH
HiER CT&E 7z, b, AKX ROZ GFR HDS 70% BEKTT 5 &, Mg
creatinine fE2S EF-975 2 & bR L7z, LELD, GFRAIEIZE TS, VB X
CMLEMFE DT — % 1V Jacobsson D3 [23] ORI E L TOZYPENFEH T

ZLFBZD,
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Fig. 14. Scatter plot showing relations of estimated distribution volumes (Vd) and
serum iodixanol concentrations (C) at 60 min after iodixanol injection in healthy
Holstein dairy and beef cows (€) and cows with naturally-reduced renal function
(). n=177. Estimated Vd = 335.46e°954C 1 = 0.81 (p < 0.01).
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Fig. 15. Relations of GFR values estimated by the multisample method (GFR
iodixanol,,;;) and the integrated formula (GFR from the integrated formula)
using iodixanol in healthy Holstein dairy and beef cows (@) and cows with
naturally-reduced renal function (). n = 177. (A) Scatter plot of GFR values
between both methods by Deming’s regression. Y =1.02x —4.03, r=093 (P <
0.001); (B) Bland-Altman plot of differences between 2 methods. Mean bias
(solid line): 0.32. Upper and lower values indicate 95% limits of agreement:
mean bias = 48.1 (dotted lines).
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Fig. 16. Relations of GFR values estimated by the integrated formula and BUN
(A) or creatinine (B) in healthy beef cows and cows with naturally-reduced
renal function. n=72.
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R

U VT, BB ORAE TRRES TR AEEICET 2 M N T L A L],
BRIRBLG ClE, ERARBEREREDNMTONA TN DHITEE v, —JF, b FTiX
MBMERIRIED “gold standard” & L TECREKAIEEE (GFR) DHEIEDTHOIL T
Do AWFFETIE, U AZBWT, Biffle GFR AEEZ NS 5 2 & 2 BIIZ, GFR
(ZRE 53 DRI - DO B 2 ARSI~ 5 & & bIT, BRIRES TICH PTREZR 1 (=]
BFIMEDOKOVEH 237, LLTF O & 1572,

GFR JI7E D tracer & L CiE, MERIEN ATRET, inulin & IZIE[FRIEOYIR(LT:
PR EZH T2 & B2 55 iodixanol ZHLY EiF7z,

1 BT, £, @EERFR VAL A R E AW HRRRINEIC XD GFR
HEIZIBNT, iodixanol DG &% 10 mg Ikg, HMEEH % # 5 60, 90 35 L TV 120
S, —7J7, inulin O 5 &IT 30 mg/kg, FRIMIFHAI, &5 30, 60 3 KT 90 571
BE LTz, WAz RIS L, 2827 U7 7 AT GFR HZRD L
Licl Zh, FA—DEPIMFHNTz, RWT, GFR EICKIEIRE, Nl EREK
BLOWHEDZE LMY, GFR HICEENIR SN hoTe, TD%, EFE
A= L BSESREIR T 2R 2 VT, BERIERIYE TO GFR B, RN, SMAEREB L O
1137 iodixanol #2E & Jacobsson @ 1 [EIERIM LD [23] ZJ5H LT, iodixanol HilF]
FRE + 1 [FIERIMYE T GFR 2RO 2 H 72N A EH L, BESMEFR I35 60 5514,
estimated Vd flIE 381.76e "% IZRRE L7z, BERERIMGE & 1 BHRMIED DR DT
GFR ED T @O R —MER3 e &, 8 sl b BEaR S & KL< —H L T,
72%5, iodixanol DI ~DBATIERILA~DOERBIEITEG CE 5 & Bbivz, =
NODORER LY, 1 [FERMmE (BLF, RVAZ A FE | R X5 23 7]
REEB X b,

B2 mTIE, BEMEAMAEZ W, 51 EORRE RIS, iodixanol D

58 (10 mg Vkg) & EIMEER (60,90 35 X T8 120 721%) , inulin D F¢5-5 (30 mg/kg)
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& ERIMFFH] (30,60 F8 KT 90 73#%) ZakiE Lz, Wifl& R —FICFRHgG L, #8
[EIER M5 T GFR A% koD, RIFEMELZfER Lz, £ O%, GFRAEICKIETIARE, I
g L OERE DB AP ~7-2%, GFR ICEBTR SN h otz WIT, (@S
EBERE IR T A2 VT, SRR ML TR 72 GER fE & 25 1 3 CIEH L7k A
S A R ERRIMKEZ AN TR LN GFR B LT & 24, RV A XA Ul
1 [EEE AL, BRI B L CEHATES2 2 L, Licdio
T, RVAZA 1 ERRINAGE, BEMEAMASO GFR AEICHFIHTE D &
HBr L7,

%5 3 T CIE, Jacobsson DD ZEMARFET 572012, F1-2 ETHLNT

— X G FRITAHRNV A Z A AR & BT A O LA i U CRE A Rk

% 1 EERMAEER (LT, SER) O AR AT, ZORE, Fizic/Erk Lz
AL VKD GFRIE, 5 1-2 BRI HMEERME & RV A X A F 1 BRI
KTl LN GFR EICIE, 3 EMCR—OERSOND Z L 2R L, -
GFR EIZIZ, MFEEDH D 2 & 2Bl L, AR 5RO 72 GFR EDY 70%1%
RT3 % &, I creatinine fE2Y LH-T5 2 & bR Lz, LIei-> T, #ET
%, BNVARZA CFEI L BEIFERAMSO GFR #IEICEBE L THHTE S L&
2 B, Jacobsson DD ZYME A TX 7=,

PLE, ARWFETIE, UATB N THIH T GFR MIEELZ L L, £ O &
i (T GFR R, /LA X A U F8:229.4 = 52.0 mL/min/m*, n=91, &
EFRIFE: 1733 £ 59.5 mL/min/m’, n = 63), KT, JN, BERE, WHEORED
HDWVITAFEZEIZOWTH BT Lz, F7z, Jacobsson D& jodixanol Z WMz 1
[FERMEIE, GFR JIEOMEEE LT, RPN, BREEZNR L OEyEE
FHIMFEICHIHTE 5 & & % b7z, BUN BB X OUILYE creatinine 7S EFETH D,
GFR EDHIME T2 & 9 7o RHIBEHEEIR T OBKERIIIEFTHIH LA T

HEEZLNIZN, A%, TOFFMIIOWTIIRET 2BERH 5, fame LT,
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1 AR EIC X5 GFR HIEIE, BRERIKR L OMEREICB W CH AR FEE 22
D, BIRORAETIHESTRAEICFHHTE S EE 2 6NT,

53



a2 DIZH720, AFROZTICEEL, BUTERD T8 L JHlifEx
B0 £ LicaFRE LRERESFHLBSRB I 2T e 1 BRI
TEHOEZRLET,

ARWFFEZ BT DICHT2D, I OFER-> TIHE, o XERMICER L T
THERRTHE L TREZTEE £ LIcEFRY LRERE R PE LB N EL i
JomE Vo BEHRICEH LEd, 7, ARERICERL, ZHEEL ZHE2B0
D E LT IR ERT: WRARERE AR IEER P PRI 22 B JERE 0%, AU
e LR SLEERESAFIEREAH AR TH SRR L ORI L EERE
FRIERIRERE 3l R o BaRIRER O E LR LET,

AW ZFTT HITHTY, YT RIEIC 2 ) L CTIEWZ S FRY: BRE

ﬂ e

PR ESH A B KRS AR LY, WIEEEAESALIEG L E T

BEZRMETH L U vt U TIEW A SR, KK i—K, R —R
K, BAE TR, M H=K, F FelK, KN mBREZEICD, TR
TEWZRGOTT 2 IZBILH L BT £9, &EIC, FOFROH IR J&#H L =
B
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Basic Studies on Estimation of Glomerular Filtration Rate in Cattle

MURAYAMA, Isao

Although glomerular filtration rate (GFR) is a most acceptable index for kidney
function assessment in humans, there are methodological difficulties with its application in
bovine practice. For example, the classic urinary inulin clearance corresponding to GFR is
labor intensive and time consuming because it requires accurately timed blood and urine
collection. Moreover, inulin has an intrinsic disadvantage that requires boiling
immediately before use, owing to its extremely low solubility. Therefore, only a few
studies have reported bovine GFR measurements to date. The objctive of the present study
was to establish the simplified procedure to estimate GFR in cattle using the isotonic
non-ionic dimeric contrast medium iodixanol as a test tracer. lodixanol is rapidly excreted
into urine without metabolic degradation, and no or a very little protein binding with very
short half-life.

In chapter 1, the study was designed to develop a single-blood-sample method for
estimating the GFR in Holstein dairy cattle. First, iodixanol and the standard GFR tracer
inulin were coadministered as a bolus intravenous injection to clinically healthy cattle at
10 mg I’kg and 30 mg/kg, respectively, followed by blood collection for multisample
strategies. The GFR values estimated by iodixanol were well consistent with those by
inulin. Neither effect of body weight gain, age, nor parity on the GFR estimates was noted
with the protocol used. No difference was observed between the GFR values obtained
from non-lactating and lactating cattle, presumably suggesting that no transfer of iodixanol

to milk occurred. Jacobsson’s formula for calculating the GFR in the single-blood-sample
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method was derived from the injected dose, sampling time, serum concentration, and
estimated volume of distribution based on the data from the multisample method in
clinically healthy cattle and cattle with reduced renal function. The GFR values estimated
by the single-blood-sample-method were correlated with those calculated by the
multisample method. These results demonstrate that the single-blood-sample method using
iodixanol (Holstein equation) can apply as a screening for the GFR estimates in dairy
cattle.

In chapter 2, the study was carried out to clarify whether Holstein equation based on
the single-blood-sample-method in Holstein dairy cattle as described in chapter 1 can
apply to the GFR estimates for Japanese Black cattle (beef cattle). lodixanol and inulin
were coadministered intravenously to identical cattle at doses of 10 mg I’kg and 30 mg/kg,
respectively, and the GFR was determined by the conventional multisample method. The
GFR values from iodixanol were consistent with those from inulin, and no effect of body
weight, age, or parity on GFR estimates was noted. However, the GFR in cattle weighing
less than 300 kg, aged less than 1 year old, largely fluctuated, presumably due to the rapid
ruminal growth and dynamic changes in renal function at young adult ages. Using
clinically healthy cattle and those with reduced renal function, the GFR values estimated
from Holstein equation were in good agreement with those by the multisample method
using iodixanol (» = 0.89, P < 0.01). The results indicate that Holstein equation can be
used for the GFR estimate of beef cattle in the same dose regimen as Holstein dairy cattle,
and provides a practical and ethical alternative.

In chapter 3, a newly integrated formula, which can apply to both dairy and beef cattle,
was developed. Using clinically healthy dairy and beef cattle and cattle with reduced renal
function, the GFR values estimated from the integrated formula were compatible with

those calculated by the multisample method. The basal reference GFR values were also
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equal among the three procedures; namely, the integrated formula, Holstein equation
prepared by a single blood sample in Holstein dairy cattle, and the multisample method.
The results suggest that the integrated formula based on Jacobsson’s formula using
iodixanol can be used for the GFR estimates in cattle of either strain.

In conclusion, the validity for the application of Jacobsson’s formula (definition) to
estimate the bovine GFR was proven, and the integrated formula would be used

extensively as an alternative tool in a clinically relevant situation.
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