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Urinary Ceruloplasmin Excretion in Non-insulin
Dependent Diabetes Mellitus
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Ceruloplasmin levels in serum samples and in timed overnight urine samples were
measured in patients with NIDDM and healthy controls by an immunoradiometric assay. Any
crossreactivities to several kinds of plasma proteins were not found in this assay. Further-
more, a lineal correlation was seen between ceruloplasmin levels and the serially diluted
samples. The findings suggested that ceruloplasmin detected by this assay was ceruloplasmin
itself. Urinary excretion rate of ceruloplasmin (CER) increased in parallel with rise of
albuminuria (r=0.86). It was significantly higher in patients with normoalbuminuria than
in healthy controls, higher in patients with microalbuminuria than in ones with
normoalbuminuria, and higher in patients with macroalbuminuria than in ones with
microalbuminuria. In view of the findings that pl of ceruloplasmin (pl 4.4) is more acidic
than pl of albumin and that mean blood pressure in normoalbuminuric patients with enhanced
CER were not different from that in normoalbuminuria patients with normal CER, it seems
reasonable to think that enhanced CER in a part of non-insulin dependent diabetic patients
with normoalbuminuria was not due to intraglomerular hydraulic pressure, but to the
changes of charge selectivity in the glomerular basement membrane. Furthermore, the
changes of charge selectivity in the glomerular basement membrane may progress in parallel
with the exacerbation of diabetic nephropathy.
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BRANFEOHBL, BRMCETATIvESD
RFOEAOHEE S ~ThEhTE . BREEH
FED R o RAETIE, glomerular blood-urine barrier
OEEIC LY, BABERMEOTENSEISEEh TV
B, BEAREOEF S LT, 1) intraglomerular
hydraulic pressure ® FFV ™, 2) SEAKER (GBM)
@ charge selectivity OfEES -7 3) GBM @ pore size
selectivity DEESD S AHELREALOEELELNE
ZbhTw5, A v 2y YRGFEERER (IDDM) B
THELLOBMETHYY, 1), 2) BT LEES, pore
size selectivity OEE LT+ 5 L DFERMRINT
WAM, v AU vIHKERRBERR (NIDDM) L
TOERARHEOBR &, BREALBELERCHES ZhD
OFALI D WTIE, FRETRHED NS

Size selectivity % charge selectivity DOFEE % FH~
Lo, BahGFRIEES (D) %4 - MR
BoORPEHE B S hTw A, STFESARLTH A M
pl ORAZMPEADORFHMOREI L D charge
selectivity DEEEXFHIL, pl AL THHH, &»F
BOR L MFEDORFEMATE~S5 2 Lt LD, pore
size selectivity DEELHRT 2 - LHARALh T
5.

+/nm 75 AL VL acute phase protein reactant
D—DTHH, zosyFR, pl, FEIL, thZ
h 124~134k dalton, 4.4, 5~7HTHL. i
TS5 AV, TATIvO pl (4.4~5.5) LH~RD
XMt RELTE Y, GBM @ charge selectivity
OBEENGEEL LTV 2BE T GBM KEET 4
B pore (56A) w@B LTV, RP~ORFHEH,E
MLTLBEELBR, Bbtrar 7 A3 vORER,
GBM O charge selectivity OEE A R3TIEEILKL S
DT EE R .

Zy LkeEBrnEox, BenBEORPTNT Y
PR % R9 NIDDM BEHMHE LT, Rftwin
75 X3 vHREBROBIEZIT\, charge selectivity @
BEE OB A BRE LA

& & HE
1) %% 1 1989 4104 ~1990 £ 3 H & ToOHM, 4
bR TH -t A v A Y IHEFFRERBE (NIDDM)
BE (Bh2la  aizes), BEE (5Hit2ek) »x
K& L, ChLOBRERUEBHEECR LT, BHERE

BECL . B LR&EIT 4T, 1500XG T105 1
BEIRL, MBEEELCFOEER —ACITRF L.
BHAEFRROSN - MERNERC, H0#EE1 7
Ao HbAic %#lIE L1, BB ORBESE, Mgk
TE, 1 v AU vid#k#L Lo, Radioimmunoassay
(RIA) wd v, K7 a7 3 v#FEL, albumin
excretion rate (AER) O L ~<aim kb, NIDDM &
#% normoalbuminuria (AER<10 gg/min), micro-
albuminuria (AFR 10~200 #g/min), macroalbuminuria
(AERZ200 pg/min) O 3 BEICovF, EEHE & LEBE
%47 7. F1: short duration DIEFIZE 12D, 7
¥BE 176 Zon HREREC X OEBELSH LTV
BEEGIATE DX HEIR Lic. L%, BHERUEMRIE,
BMEES T AESNL, IR OB L. (Simple
type : S, pre-proliferative type ; PP, proliferative type
i P)

2) O TTRICOBREEH  BEEORPH
WLERT A0, BUVEERE AT 5REE,NL
Bl Xhiofo¥, immunoradiometric assay (IRMA )
AEETT LRIERYER L. €475 23 Vi Human
ceruloplasmin (Cosmo Bio Co. Ltd.), e b
ceruloplasmin #1ffit, goat # it r ceruloplasmin T
& (Cosmo Bio Co. Ltd.) KU rabbit $it b cerulo-
plasmin #f& (Dako Co. Ltd.) ZH\ /2. & b cerulo
plasmin X T 2R RAFAEOEHO DI, 1g @
CNBr-activated sepharose—4B (Pharmacia) & 1 mg
®k b ceruloplasmin #§%& €T sepharose-4B—cerulo-
plasmin #&¥W% o< H, TDOHH e b ceruloplasmin
v FHERRILE$, PiE% affinity R LA B
BEOPHEDEHOBREL Lowry BiLk - TERL
7o, Chick->THBshicHie b ceruloplasmin #Hifk
i chloramin-T # (#it b ceruloplasmin 20 rg,
chloramin-T 10 g, Na'?®1 500 ¢Ci) T 121 #E3%%
T - 1%, 0.1 M phosphate buffer (pH7.4, 0.05%
@ Tween-20 & 0.3 %D BSA Z&ir) %8 buffer
L LT sephadex G-10 1 7 412 & - TE#SH 5% 58
L, EAL:

3) EADTIR I ORAGE 1,000 fE FHR LI goat
Pl b ceruloplasmin #{&#% Nunc tube 12 0.3ml ¥
D2 T, FBIRT24HHHE coating L7, *D#, washing
buffer (pH 7.4, 0.1 M phosphate buffer; 0.05 % ®
Tween—20 & 0.3%® BSA #41r) 0.4ml T3 EE
#% L, blocking buffer (pH 7.4, 0.1M phosphate buffer;
0.45 % ® Tween-20 & 0.9%® BSA #41s) 0.1ml



FEFE: A v A YIFEFRBRRCETA2Rberar s 2 1 v OBkl

iz to#, 0.2ml @ ceruloplasmin standard RO,
0.2ml R+ v 7 (1:1~1: 40CFF) H5 030
Y7 (10,000 FEFR) wini T, EETI6H
f4] incubate L7:. =D, 0.4ml @ washing buffer
T3EPES L, 0.3ml OBEEHHE (washing buffer 12
THF L, 100,000cpm &7 b k5 CiRE) #mz,
& B BRTCI6HHE incubate L7:#, 0.4ml @ washing
buffer ¢ tube % 3EIKHEL, 7 H v v 2—icTHE
L.

IRMA e kAR rn 735 23 vRIER, w1
275 R vAKRREIELTWAZ LOMREE LT, L
FTOMERT-7. O TXHEORY : fhomiEER
(albumin, transferrin, orosomucoid, IgG, IgA, IgM,
@y macroglobulin) & OARME L7z, @ K, MFED
FR EREOBRKL o752 3 v OREEE O
CEEHBEGRAED SRS @ ROEUE Ry v
TN, e T AL v ERE tube BIH, £~ Ing,
10ng #MMx -fcBlE L, BEERS L.

4) FOMIARE - R By microglobulin 3 RIA Hic X
9, HbAic i HPLC RICCHIE LA (HbAwe OIEH
ERRIE5.4%). MERBERIRY B stk T, 15
BAGZ - THIE L. SR ORIE R Korotokoff s
sound ®{H% (Phase V) & TiT-7.

5) #iEt - AHOFEEOWEL, FHHOFREE,
Student’s t-test & %\ ik Welch's ttest I Tr -7,
ERES KL TEEEZEHH S HE L.

&
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IRMA o lsenror s 23 vorEEiEs Fig.
1 @R L7z, albumin, transferrin, orosomucoid, IgG,
IgA, IgM, a» macroglobulin & DARMITADILH -
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Fig. 1 twro7 35231 voEEE
fili> plasma protein & DR MITE
bRk ot (—TRT).

Table 1 MR OEKE EWELR

B Normoalbuminuria | Microalbuminuria | Macroalbuminuria
N (B#/ &) 26(26/0) 17(5/12) 17(8/9) 13(8/5)
FEE® 4745 57+9% 59+10% 56+10%
FERRAE (S/PP/P) 8/2/7 9/0/8 0/1/12
BMI(kg/m*)* 20.6+1.6 22.3+2.0% 22.8+2.3% 23.7+2.3%
HbAle(%) * 5.140.1 6.7+1.0% 8.242,0%* 7.4+1.3
SES M (mmHg) # 86+9* 90+6* 91 +5% 1024 7%%
AER (pg/min)** 2.1(0.8~6.3) 3.7(1.7~7.6) 30.8(10.5~142.1) $12.1(219.0~1744.9)
s=2 L7 F = {(mg/d)* 0.6+0.2% 0.7+0.2% 1.61.4%*

CER(ng/min)*¥
Ccerulo. (107%ml/min) *#

s-ceruloplasmin (pg/ml) *#

0.29(0.11~0.84)
1.9(0.7~3.9) x1073
2.5(108.2~183.6)

1.18(0.13~19.85)
8.7(2.2~76.3) x 1073
200.3(105.6~284.4)

12.79(1.35~224.45)
4.6(0.79~76.6) X 1072
200.1(140.1~280.7)

557.02(33.79~2719.96)
4.1(0.2~10.8)
190.6(130.8~248.0)

#*: (mean=SD), *¥:50 percentile (5~95 percentile), *: NS, **:p<0.01
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Table 2 REUMEOFREE

1:4 1:2 1
RBE (ng/ml) sample 1 5.18 9.76 18.17
sample 2 2.65 5.23 10.52
sample 3 20.49 41.66 86.52
sample 4 15.58 36.47 74.12
sample 5 9.65 18.17 34.57
1:40,000  1:20,000 | 1:10,000
MFEFB/E (ng/ml) sample 1 4.17 9.65 18.12
sample 2 4.97 9.47 20.65
sample 3 3.65 8.5 16.08
sample 4 7.64 14.33 27.62
sample 5 6.01 11.78 22.94
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Fig. 2 AER & CER OB

CER ¥ AER o#in & #EBI L, #PBIFR¥IL 0.86 (p<0.05)
THHT1.

7o, A& assay RICEBF S intraassay @ coefficient of FNFN88Y%, 85%TH 1.

variation (CV) 1310%, inter-assay @ CV (313%, Renro 75 23 vHEER (ceruloplasmin excretion
B HERE L 60pg/ml THh-71z. R, MEOFER rate : CER) @ 50 percentile {3, %%, normoalbu-
CIRERESRDH BN (Table 2). REBEHC LS minuria, microalbuminuria, macroalbuminuria %
ne7s A YOEREE lng, 10ng #1854, BHTrhth 0.29ng/min, 1.18ng/min, 12.79 ng/min,



FhE A VAU VERFRERRICRTARbE 1075 23 voult

CER(ng/min)

10000
p<0.01
o
- 95 percentile
1000 p<0.01 | 50 percentile
T"‘—*—_‘[ = rcenti
100 ]
p<0.(ﬂi 1 5 percentile
10t | ]
i £ .
0.1} N '
BEE  Normo  Micro Macro

Fig. 3 BEE#HE L U% NIDDM BERO CER
a7 s Al vHERERE, BEER

normoalbuminuria # <microalbuminuria
# <macroalbuminuria ¥, OIfciiinL7.

557.02ng/min TH Y, HFELEELEXAD (Fig.
3), BEBELTIE, B 73 vEREE (albumin
excretion rate : AER) & B EOMBEAR LTz (r=0.86
; p<0.05) (Fig. 2). ®An7S5AI Vv IVT ISR
(Ceoruto.) T FEREMER AR (Fig. 4), 50 percentile
FRER 0.0019, 0.0087, 0.046, 4.1 (1073 ml/min)
THh, FARCERLLEEE2RD . CER, Ceeruo.
& 412, normoalbuminuria BT+ CiBEECL
8L TEELY RTEEA, CER T65%, Ceerslo. TIE70
%A B, micro—-, macroalbuminuria B# T,
4] normoalbuminuria O EREH 2 T 7.
SEHIMAEE, normo—, microalbuminuria HEE & b
CEEE L BEBEXIL D - o H, macroalbuminuria
T3, 102.5+7.9mmHg (mean+SD) & fiFfIC &
LT, Bohr&EE%RR L (Table 1), 7,

Y TS 23007 nl/min

~
=
-
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p<0.01
10+ T 4 95 percentile
- 50 percentile
p<0.01
]

1+ 4
‘ p<0.01 - -t 5 percentile

0.1} _ .

0.01 1 1 .

0.001 ¢+ b

rEE Normo Micro Macro

Fig. 4 BEEBHBIUOE NIDDM EEHO Cer-
uloplasmin clearance
A aTITAIVIYT I VAR, BE
# B <normoalbuminuria $¥ <microalbu-
minuria ¥ <macroalbuminuria #, ®JE
CEEARR L.

normoalbuminuria Bz BT, BEFE O CER ©
R M RSB VGBS T, EMEC LR
Hhhith -7z,

HbAc ¥, microalbuminuria #7T normo-, macroal-
buminuria FEEEL 0 SEEICED -7 (Table 1). Normo
albuminuria # 7T, CER #EHEO LB kbl - 8
EEH Tl -1 E Tid HbA;c KIXELZTEDI -
1.

MFLrn 752 vBEDL BESCHTEERN
TRAEBCEN -, BERETREYRDLL T
(Fig. 5).

Bt B, microglobulin ¥, macroalbuminuria #
TEER TR LIFINSH >7h, normo-, microalbuminuria
FRTETNCERBEATH), trnrs 723 vl
Eo LR IGEGRLEA LRI, -,
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Fig. 5 ®EERL L0 NIDDM BENOME L
=R i A S
EEERCH LT, NIDDM BEFH T
BFECEBELRLLR, BERTIR, N
T to.

Z ES

Reftan75 23 vORTICEWTE, FOWNER
ENREE I, & assay R TORIERE X 60 pg/ml
THH, BEEHECEVCTLMETETS L. £, R,
MEOCHFRE Y, REWREBCEVTLHET 5HREHN
Boh, MOMmBEERLOTIMELED I, Tied,
+HRIECT 2 % assay £HTHLEELOLND. L
mL, Rtnr 523 vn, REMEARTHLON,
FAERETHLONCOPVTIRELMCTE b -1
trnF sz vyoRBhcE LT, TRLENSLC,
IhECCBEELEDLRPLAr TS R v R HIE
L&A bR T Wi, Linl, REMERESL &2
Hnd AER & CER 143, r=0.86 &5 &\ 4B
AH 0, rORPEESBREEEEOREEL 2T
% By microglobulin %, macroalbuminuria §o —
B GEFRBHCS Y, £an 75 23 VRS O
Bl 3B A et T Ll EhbRpeAin T

108 % F11E FE6F11A

T ALV, REREEEEELTERTHLAD EF LI

CER, Cceruio. & & 12, normoalbuminuria BT,
BEELVLGEBECEN 1. O L, TAT Y
IV FROKE BT TR v, BERAEE
FEOTRL OB R HB LTV 5 & h Bk T 5.
fod, TR 132k dalton O BT TR v, 4
T 67k dalton 7 A7 3 vEn %L, Bl
BToocssohr. BREECOROOERRIL, B
HREOLOBCLOOHH, Th i dBREFEDNE
WIERFX neutral L0 L 0L LA TVLEZ LB
WEIRTHWAEM, o752 iy (pl=4.4) &
TAT IV (pl=4.4~5.5) L0 LBl AEL T
Bh, 77 v L RAESSHERREAZCWLE
EMZDBRBL LIS L EELLND,

EHic CER, Ceeruto. & &I normo-, micro—,
macroalbuminuria B & BERBUEENERTSICL
Rh-TERLTWA, ChETi, BRFEEBECR
BB I > Tid, transglomerular hydraulic
pressure @ F5, GBM ¢ charge selectivity O,
GBM @ pore size selectivity OFEE 7w & G 2 h
TWh. Zhbo o bho kX s R R B BHE T
THLOMCOWCTIEER TOBREILE 2 H 54, IDDM
Tid, transglomerular hydraulic pressure @ L&~
& charge selectivity OFEES ™" »i%fTL, pore size
selectivity OEEES S (ZHERFEBERCE 0 HBL
FTHELHHETH—HKLTVAS. Ll §iEDsHic
WTFROBEEL L D ETT IO TI—HK LR
NS R T UL,

AT T AIVIET AT L VLD LRI HE
LT#% 9, normoalbuminuria BD65% 1E®EE L 9
B\ CER #/RLTWwi, ZOZ &3 AER A 0~10
pg/min @ NIDDM &3¢ normoalbuminuria B0
—#RiZ, GBM @ charge selectivity DEEATFLAET
5 & &m¥ET 5. & 5 normoalbuminuria $0 4
FUCRBUE X ZHTE 0, flHAOBEBEESY AT % NID-
DM B#& T2, GBM @ charge selectivity OEE
HETLHZEARbAS.

GBM ® charge selectivity OEE L/~ 5 ik &
LT, ®ATIE Selectivity Index (SI=clearance of
IgG/clearance of 1gG,) HEA X TV EM716 0 -
ik, oFEH»E L < (Stokes radius : 55A), pl B
Ric 5B (1eG=7.4, 1gGs=5.4) #M~RBH Lt -
T, BEMEOEANRFTCRERALHBLBLI LA
HAHLDTHL. SUTHMBEL 0B EELD
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non, BEED IgGy #WET I LD CETORE
BEGHS Ty Ehb, —BIEIE S fo 5 Iicii b
Fhd 5. 1gGy OBIEEE I >V TE, Deckert Hid
2ng/ml'", Parving Hi& 3ng/ml'™® L& LT3
B, 2TOREEDRS 1gGy BT 5103 A T4
THhH. K assay HTOEAT T T R 3 v ORIERE
4, 60pg/ml THH, BEELRAORP LI T T2
FIVEBIET A EDERETH -1 LIk, &K assay
FRERTAHELT TS5 AL yOREL GBM @ charge
selectivity DBEEORE S L LD EREHETH S
EEZHRD.

Deckert 170 (3, SI OV H24BEIRG 7 L7 3 v
BRtAY 30~100meg OFFEN HEDHRA T E LD, charge
selectivity DFEERETT L E2BE LT3,
AEOEAD TSR YOREL IR EENGTHS
LA L, Gall HoO#E® T, NIDDM BETIE, #
BECHSCED LY SI DETRL SN, > &R
HLTWA, SHOWEOCHFR S Gal HOBROME
FANCER L TWS00EB L TRy, Gall b
ORIE T, WEEOFECHED ST, BERTCIBY
FoNToTh O ERCIMED R 2 Rb ok L,
AHEE T normo—, microalbuminuria FEE T
NLEHELINEDENIh -1 2 ERRED LMk
U,

SFE 123~134k dalton OEEY, BRCHEEMI
7T % GBM @ pore %@ LB %729, transglome-
rular hydraulic pressure @ &m0 CER Oinic i
LR LTWAAEEME,AH D, L Lishih, BEA,
normo—, microalbuminuria M T2+ OFHMAEI
ENeL, ¥EEELY LAYV CER /R L7 normo-
albuminuria &, CER oW TREELEN D -
7= normoalbuminuria ¥ & TONEHMEIC bEN LD -
foZ &, CER O#hmid, transglomerular hydraulic
pressure @ _F#H Tid/e {, charge selectivity OFEE
THHEEEZELZLNRD.

normoalbuminuria BEICH W TiE, BEELHLE
W CER %R LIBEE %5 Tl 1B L TO HbAc
ik EM e 57 2 LIc X D, normoalbuminuria B
T CER o, BE#MCIESMmER glycated
ceruloplasmin L X 5 LD TRV EHEZLHRA.

HEo CER # EH% CER %7K L7 normoalbumin-
uria Bf &, ERE L EA Vo CER %7K L7z normoalbu-
minuria #& TR ED L S BRBEVHRHEDL, TOE
K BREITAHTH L, ThNZOFED THRICHE

FTHAREEL H 0, SEBEIL TV ELWEEZ D,
MFt/rm 7523 vik, NIDDM O3 <XTOBKC
BOTHREELVGAEBCEM >, SHEOZLE
Bhhhot fihero 7523 v ORED LRI,
ﬁgﬁw)’ %Z;MZD)’ @&g@gﬁ 1) @7:):21)22), %&@%23)
RETHEINTWDA, FEIOHR,BIEI LR
BENE Z b A EERERA L. BREBE T L
n7S5 AL VR ERLTWAS &, Donald® o
T HH, TOBEENEHOFMITHTHY, 4
BOBR N ELNS.

AREER LB Hlz 0, g, HEMAEEB
LicSEm MRELS, S oiEEsB 0§ L FRBEE
b, RO LET
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