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Contrast-associated Nephrotoxicity:
Ultrastructural and
biochemical study in diabetic rats

Katsuo Narasaki

The present study was conducted to determine whether
or not the pathologic state of diabetic mellitus serves as a
risk factor for the induction of nephropathy by iodinated con-
trast medium (CM). CM was injected into experimentally
induced diabetic rats showing early diabetic nephropathy,
and these animals were compared with normal rats admin-
istered CM.

Various types of CM were injected into diabetic rats, and
nephropathy was studied morphologically and biochemically.
Electron microscopic ultrastructural study revealed vacuolar
formation in the cytoplasm of the proximal tubular epithe-
lial cells (PT cells)in both groups. However, some of these
changes occurred less frequently in the diabetic group. In
the diabetic group, activation of glomerular mesangial cells
other than PT cells was observed with amidotrizoate, and
retentive deposits in the mesangial areas were found with
iopamidol.

Biochemical study revealed abnormal values suggesting
impaired PT cells in both the diabetic and normal groups.
These findings corresponded to the results of electron mi-
croscopic ultrastructural observation.

The above results suggested the possible occurrence of CM-
associated nephrotoxicity in the pathologic stage of diabetic
mellitus, even in mild nephropathy.

Research Code No. : 502
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WAE 3 — FEEEH (LT, EEA) 260 L7 &
BAEIHEIMEMIZH D, WENTREET 2 2HERLE0H
10%1, FEFANRET S L OMENH B, EEERYE
BEEOfBET L L OERE, £RMGRHE 4140
BEE, BEBRe, Bk, EEiErL{meny, Zh
SOfERAT 2RO BF I CHEEEEELH 25T 5
L, BEERAEMREEILTVEVDRTVAYY, ERKR
I D 2k B AN 224 90 % LA _E 1T & A O E e g A5
FELTWFITHY, Z20%00OR8EBIIERFEIZL 2D
DTHotzb\n)Ho),

AR RO TR EL, ek L b EICHARMNE LR
MRS (LT, PTcells) ®EEIZ X DB SN, EIRENOZE
BEIBCZ B A AR S T E 727, PT cellsZLIZEET 5
WXL, BAORRBEBERZHS L L EICRS
N5 2B L L TY, EEAHRSIZL VPT cells®
FIENOZERIERABE SN2 L X D910 i ORF
R TILERA OBEREEEDTRE &l s, 0k,
INEDZERIE, EEAIIHT %pinocytic vacuole Td 5 =
ENGERH S Y HIHETILEEH OPT cellsi2x 4 A B
AbEHENELEZ OGN TETWAD,

HEPRIFE 3§ A e AR P B B E O % RIS 5
728, EHFREOBERFEHW B W THIE SN/
=, ZReRBM Lk, IRSOFILIEEICPT cells
WZOWTORRELTEBY, BERFEFEORKTS D4
ERIFICE L TER LG RFAL RS,

REBIIBIADORERFBEDIREDT v FEEFNVE L
T, ERAEEMEEREEZPT cels®EILE AN O 22T
B D AARBE LS, £& LTPT cells® 2
B EPT cellsDFE 2 R ELFMMEIEE 2 6, IR
RICBWTHETHLILAKEL SO TREL, HEmIc
T=F AT LI, 2610, S ShERAIIzoWT
X, ZOWHEFHEEOEIZ L Z2BRIFORET T
DEREME~DOEDLY DEVE, E¥T v MEZWE
LT, B L.
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Table 1

fIsF Tk

Animal groups divided in this experiment

587

$72, £ MIFEAHES M SRR

Rats treated with agents

FTHEIEE L7,

Untreated rats

3. EFH

with control agents(Cont)  with control media (CM)

- WA AF o HEEFL LT,

H + NaCl ::: : f(«}r:l arnidotrizoate (Urograﬁn 60%, Schering Japan),
H H + Mann H + lop ioxaglate (Hexabrix 320, Eiken-Tanabe, Japan)
H + lov @, AL HEEEF L LT, iopamidol
DM + Ami (lopamiron 300, Schering Japan), ioversol
DM DM + NaCl DM + lox (Optiray 320, Yam:jnouchl Japan) %, %k‘4g.h‘
DM + Mann DM + lop kgix5-L7:. EEANL, A+ OFE, 8%
DM + lov FEDE, 54 <—hE)I—PILoTHHE
H: healthy, DM: diabetes mellitus, NaCl: physiological saline, Mann: mannitol, Ami: L, Table 2iZ7/R L7z, FTHBEEHL, EEME

amidotrizoate, Iox: ioxaglate, Top: iopamidol, Tov: ioversol.
The group names listed in Table 1 were cited in the text.

B &

1. EREREERFBZ v b (LT, DMT v k) DIER
24RFHIHE R D150 ~250g DB AHEYEWistar 7 » M ZT—F
JVIERIE T, streptozotocin 55mg/ke 7 IR & 1 1 [BESHC

&

D, DMZ v b Z{E8 L 7.

A DG ERIZ,

streptozotocini -4 4 JAM TIMAEAT300mg/dILL L TH 5
7, TREEH MR REA R SR TR VD S »

N IAvAR

b,

DM 7 v b ®—{fidstreptozotocint G-

SHIZ4EMU AR EBEL, 4 WAB L6 7 ADKA
TR IC B> - L 2R L TH 5.

2. BTN —ELT

EhERN,

Table 1O ELThE rNV—¥ 77,

D-mannitol:

A Fede 5T
EwT7 » beHEE, BRBT v FADMEEE L7,
H B A K NaCl,

FEEFL

Mann,

amidotrizoate: Ami, ioxaglate: Iox, iopamidol: lop, ioversol:
lovE WL L, By EERDHAEGHEIZLD, Table 10T
EC4T V=TI, SHEEsLE L.
1 Table 1D#FRZEHT 5.

Table 2

LIFoxET

Basic propaties of the

L AR AEACR 15ml/kg, BERAME LT
D-mannitol (Mannitol 20%®, HAF, 1317mOsm/
kgH20) 8ml/kg % IS L7,
DEDEIFEHNL, DMZ7 v FBIOEES v Ml —
TUREET T, BEIR L DBREICHES L, REODOHM
kB & UMM, SIEHIB G 24 R AR IERALL 72,
4. TREFRUMGSR
Nembutal (Pentobarbital sodium) |- & % [EFEPIFERE T T,
PRIMAE B 2 BRI, 2o, BEEMIL, 2%glu-
taraldehyde 35 & UF 4 %paraformaldehyde (= TR, #EHEDOH
ECTOME, BEYL, v - o_ERHEAERKL, &
I (JEOL-100C, NEC, Tokyo, Japan) (= THIgE L 7-.
5. H{bFaiask
1) RO
PRELL 7224 0F MR L8 E H: OIS RET ),
Alb, BCGik),

7 7’ 2 (0]-
Na(Flame photometry), K (Flame
photometry), Cl(Chloride meter), N-al,etyl-ﬁ—D—
glucosaminidase (ML'F, NAG) (MCPItLtaik), 7 L7F=>
(U-Cr, 7 V) €2 Y ¥ BE) DEAHBE DWW TEHI L 7.
2) M DR

FHED T v ENembutal |2 & 2 JEFEPIREEL FC, PELERE)
WD T =7 MAB A K DERILL, [ % 538k L stisire

injected contrast media

T

lodine  Osmolality : : :
Contrast medium Type contents  (m Osm/ Osmq\|a||ty MW ,V'SC?S'W LD50 (rat IV)
(mg/ml)  KgH.0) ratio at 37 Cep
amidotrizoate 60% ';y”;g;;‘;’l‘;fr 202 1776 6 61392 3.83~4.17 9.3gl/Kg
, ‘ ionic dimer, , _ . >7.29/Kg (I"'®)
ioxaglate 320 low osmolar 320 584 2 1268.89 75 7.2g1/Kg (2)
. . nonionic monomer, ! (- 13.4gl/Kg (&)
iopamidol 300 low osmolar 300 796 3 777.09 4.4 12.2gI/Kg (2)
ioni 14.0g1/Kg (
ioversol 320 nonionic monomer, 454 719 . —— 5 0gl/Kg ()

low osmolar

14.4g1/Kg ()

IV:intravenous injection MW: Molecular weight

B94ERH25H
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Table 3 Results of findings of electoron microscopic changes of kidney
proximal tubules glomerulus
N _ ‘ tendency of mesangial cell mesangial area  ePithelial
injected grouping simple complicated detachment ot enlargement of cell
materials vacuole vacuole  opitnelialcells SIS ivation fetentive deposisin o
sub-BM area
oM - = = + - 8 -
control healthy _ _ i — - - —

} -_ - -— — - i
0.9%NaCl oty - - i - _ -
mannitol Egﬂthy : : _: I : : :

i i ] + + = -
amidotrizoate E gglthy T f + I J_r = =
. ! DM + + -+ + = - +
ioxaglate healthy - — + + — - +
. . DM + o+ o + = + -
iopamidol healthy i _ i + — - -
; DM + + - + - - +
ool healthy ++ + - + - - B

—:not seen, *:minimal, +: moderate, ++ : marked

%, 4 A1) 7 (RIA), I (Glu-DH#E), Na, K, Cl, RE
E# (LIF, BUN), #&H (TP, Biureti), 7NV 73 >, Il
H7 LT F=2(S-Cr), BEEDEHE IZOWTEHAIL 7.
3)A.B. DEWEBE L D24 EIC L B2 LT F=0 27
7 ¥ A (LN FCer), FENa(%), FECI(%), NAG/RHZ L7
F = (NAG/Cr) 28 L 7=, fHERZLUTIRT.
Cer= R 7 L7 F = x —4BRE(ml) x 100/10.3F 7 L
T F = x {ER#E (min)x RE (g),
FENa (%) (Cl) = JRHINa (Cl)x Ifli 27 L 7 F = > x 100/IfLi%
Na(Cl)x R L 7F =,
4) FRTHIMR TR

Bon-ZEIEIZOWT, DM v FETFET v POk
b5 7 — # Idstudent's t-test®, F72, EHEDMT v ko~

D, BHEASEEDEALFE T — ¥ IZANOVA testZ i L,
p<O0.0SLNFAEEL L7z,

#w R

1. BERFERINRRER

BIEFERAHE R % Table 3 X Table 412F L &7,
1)H #

EFT v FOBOREIIEICRMAES & OSRERIKIZoW
THEL, RERICAVES v MZOWTEEEENR:
NTWhHZ xR L.

2)H + Cont, H+ CMIE
a. PT cells®ZE1L; (Fig.1-A~E)

Table 4 Summery of electron microscopic findings

Proximal tubules Glomerulus
nin,n,ﬂl?:rtiz?s SR complicated Mesanigial cell JMese?rligial are.a Epithelial cell
) vacuole vacuole activation "?ﬁg:ﬁ%ﬁgﬁ’ézs vacuole
amidotrizoate DM | DM | DM
ioxaglate DM} DM DMt
iopamidol o DM DM
ioversol DM | - DM

DM: responses only seen in DM rats group, DM 1 : marked responses seen in DM rats group, - : no differentiated responses between
DM and healthy rats group, DM | : marked responses seen in healthy rats group.

22 HAEREE £574% £95



Fig.1 Electron micragrams of healthy rat proximal tubules injected physiological saline and contrast media.

Fe o

(A): physiological saline, (B): amidotrizoate, (C): ioxaglate, (D): iopamidol, (E): ioversol.

BB: brush border, N: nucleus, =: basement membrane, arrow: complicated vacuole , arrowhead: simple vacuole.
Simple vacuoles were observed in all groups other than the H + lop group (D). Many simple vacuoles were observed particularly in the H
+ lox group(C). Irregular impression of the basement membrane was observed in both the H + Ami(B)and H + lox (C)groups. The inci-
dence of irregular or dissected epithelium was higher in the H + lox group (C)which showed many vacuoles overall.

H+ Cont#ETid, HEE & B LR EILIZBIE s
oz,

PT cellsPIZ LB HHRZE S W ARG 2 =l D13 2012, &
HHIEHEGTHIEICLY, B ZERERSRES L
7o, THIZOWTIIRERERC, BFRONDIFRN S
Z&fid Telectron dense granules D EA AP 7%\ b O % simple
vacuole & L, —JHelectron dense granules® 3 =1) 2k 3
DELZTIEHR, KE Sidsimple vacuole & V) /N HD B
D%, complicated vacuole& L CXBI L TEE L7z, Zhb
ZDGAIEEDPT cells@fk & LTIIH—Tid %<,
PTcells DEEFIDOAFRRANL, FEEEFEA OAHHIE R fa ko
FIMEA R SN D E T Ao 72, Simple vacuoleld, H+CM
ERFTHIE S N7-7%, H+ lox B (Fig.1-C) 3 £ UH + TovEE
(Fig.1-E) T b o 72,

Complicated vacuoleld, H + Iop #%5-% (Fig.1-D) LIFF T
IFEFTR SN, H+lox # (Fig.1-C) THIZE o7z, #
JEREREA DA AL IZH + Ami (Fig.1-B) 3 & U'H + Iox &
(Fig.1-C) THZE s h, SRENZZHaD%d - 72H + loxBET
Z EROABANESHBEDFEA L ) Bd o 7.

b. SRERIEDZAL

H + Mann3 & O°H + CM#C, EMIMFOIIRAR S h
72, H+ CMBEET A ¥ LM % & R BRI O HE GG
ICIEH &I LB DR A DONEIN & ik DlE KA s e,
S 612, EREADZERAH + loxBECTEE ICHE S,

98 H25H

3) DM

DMBE SR 2 BRI (I3 - TORWAS, SAEkERE
BB (LR, MEE, A2 2H008) (3 SR Rk 0%
i & BRROAHAN 2 MERERA S ), LI FT LM
FaClXaoZEsEic & b kR TR e 2 ), 290 ¥
T AIRIERA L, U BHILE O RABIE S v
B3, ZENEHEIC AR 14 < IEH Tdh o 72 (Fig.3-A).
PT cells (ZRFEDZEMEN D D, Bl IIEEOABANLHY D
Y, FERCHERRAIERRE I CEE L, RT3 ANRANER S
Nz BRI UHIEAHEAI L 2 b, FEESD R ohi. #%
RERZ:ZEfEi 3L, AMEFE DML T (Fig2-A). &
BEFRAAE (I 3E I ek 3 & OB SRS S i,
4)DM + Cont, DM + CME:DE D71,
a. PT cells® %1l (Fig.2-A~E)

DM + NaCl 3 & (FDM + Mann & CIZDMEE & [FREOFT R
Ny

Simple vacuole!ZDM + CMEL O EHETEIZE S /275, DM
+ Ami (Fig.2-B) :B X U'DM + Iop# (Fig.2-D) TIRRFEETH -
7z. complicated vacuoleld, DM + CMEFOETFTHIZE S
7=%%, DM + Amif# (Fig.2-B) TIZBETh o 72, MR
ADAHHEIZDM + Ami (Fig.2-B) 8 & U'DM + lox & (Fig.2-
C)THES N, 2FAIZEEO% DM + loxBE Tl3 LE D
ABANCR FIBEDSIEAS L V) A > 7. DM +CM BETIZH
+ CMEBEIZH LPT cellsPN D ZEfa 4% L CEEBMHEE AT T L

23
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Fig.2 Electron micrograms of diabetic rat proximal tubules which injected physiological saline and contrast media.

(A): physiological saline, (B): amidotrizoate, (C): ioxaglate, (D): iopamidol, (E): ioversol.

BB: brush border, N: nucleus, «: basement membrane, arrow: complicated vacuole , arrowhead: simple vacuole.
Diabetes induced changes observed in the DM + NaCl group were atrophy of PT cells, irregular arrangements of the cytoplasm and
dissected regions. The numbers of functional vacuoles and hyaline droplets increased. Simple vacuoles were observed in all of contrast
medium injected groups (B~D), but the intensity was moderate in the DM + Ami(B)and DM + lop (D) groups. Similarly, complicated vacu-
oles were observed in all the DM + CM groups, but the intensity was maderate in the DM + Ami (B)group. Irregular impression of the base-
ment membrane was observed in the DM + Ami(B)and DM + lox (C)groups: the incidence of irregular of dissected epithelia was higher in

the DM + lox group showing a high frequency of vacuoles overall.

Tz, EROAHANE, FBERTRIZEME»ERLL L
Bz,
b. skERIkDZAL (Fig.3, 4)

DM + Conti & UFDM + Mann#f T4y 72 Bl 55 0¥
RASRGE SN2, T OZECITHERE % #e42 & L CBEICDM
HICHFEL TB VRN LB TE 2D o7z, A Fy
LIz 2V TiE, DM + Ami#f (Fig.3-C) Tl, HDORaA
HEEINL, BafiALE MR OB N % £ - 7zactivation 3
D, AHFTLEROMME > T/, DM + lopH
(Fig.4-A) TIX AH ¥ ¥y LR T2, HEEETIC
amorphous electron dense Zzretentive deposits 2 %% S 417,
DM + AmiftLISLODM + CMEBE LI RBHEZIL Iz T
BEHRE DR DOBE A OB & Btk DR Dactivation (dendritic
activation) 5% & 1172 (Fig.3-B, Fig.4-A, B). LRzA D%
fdASDM + Iox 3 £ U'DM + lovE (Fig.4-C) THIZE S hu 7z,
2. HEFARGRER
1)DM 7 v + TORFEMZAL

H#E & DMBED LA A NRAE O L 12 5\ T (Table 5),
DM#F T, HERCHL, RIIZEHICHINL, BUN,NAG/
Cr, FENa(%) DFEL LR, RPZ L7 F= OHELRR
LR ehi,

24

2) BRI G & B1L
a. H+ Cont, H+ CMEEDHALSET— 4

H+ Ami¥ X T°H + lox# TIX, H+ Mann, H + Iop, H +
Tovl & i L CFENa(%) "4 (p < 0.01) I LR L Tw
7z. H+ MannBETIIH + Tox ¥ & Il L TRIZBBEDEE
(p<0.05) I F L TW /. i L7 F=>, BUN, Cer,
NAG, NAG/Cri%, H + Cont3 & U'H + CMBELT, A
LIRS NG ho 7.
b. DM + Cont, DM + CMHED H:{L2E7— 4

NAG 7°DM + lox#f(Z 8T, DM + Ami, DM + lop(p <
0.05), DM + Iov(p < 0.01) # & O KB ILETHEIZ L7
LTwiz, M7 L7 F =, BUNDIETF & CordifEDs,
DM + Mann #(2 BV TlODM + CM # & O B M T
EFEIZA OGNz, DM + Mann#ETld, DM + AmilE & Foi
L CTIRIZIEEAHEI (p < 0.05) KT LTwi.
3) AL GIZ L ADMT v b EIER T v b ED B

DM + Cont 33 X U'DM + CMEFDFEE % H + ContB & U'H
+CMEE L T 5 &, H+ AmidB L U'H + lox B TFENa (%)
PEALTwiz, —7i, DM+ loxBE TNAGH -5 L, DM
+MannfIZBWTIE 2 L7 F 2>, BUNDIETF & Cerd
YEATRENTZ, DM + MannBETIXIER 7 v F BRI TIZH

HAEREE %5758 £95



¥

Electron micrograms of diabetic r.

2

Fig.3

at glomerulus, untreated (A), injected ioxaglate (B) and amidotrizoa

Eﬂﬂ% 2 (e
te (C).

N: nucleus, E: epithelial cell, P: podocyte, M: mesangial cell, C: capillary, =: basement membrane, mm: mesangial material.

Although the typical diabetic kidney did not develop in the DM group, their glomeruli constituting cells showed atrophy of the cytoplasm
and formation of irregular nuclear marginal impression. Particuiarly in the mesangial cells, it was observed that the cytoplasmic process
became spiny due to atrophy of the cytoplasm, thereby leading to narrowing of the mesangial area, which resulted in dilatation of the
capillaries (A). In the DM + lox group, swelling of the podocytes, increased nuclear impressions of the mesangial cells, and dendritic ac-
tivation causing arborescent extension of the cytoplasm were observed in addition to the diabetic changes(B). In the DM + Ami group,
increased nuclear impressions, cytoplasmic activation with rER growth and increased mesangial matrices were present(C).

+Amiff, DM7 v FHEMTIZDM + loxBETHFNEFNRIRE
FEAMET LTz,
3. EFAIDEE & ORSEM

WERDRPT, LY 5T RO ioxaglate (H + Tox, DM
+ Iox Bf) B & Cioversol#%5-# (H + lov, DM + lovEE) IZPT
cells@complicated vacuoleX*simple vacuole 2% { %2 S 4L
72. DM + CM FEIZ BV THRIRED A4 > ¥ A Hifa 0
activations 1 4 ¥ € / ¥ — T2 Bamidotrizoate %55

ER9ES H25H

(DM + Amiff) T, T/, A% FY LB Oretentive
deposits D5 F-EDIEA F L MEE /% —"Td Aiopamidol i
5.5 (DM + lopht) THIZE S L7z,
4. BEROXx &S

DM 7 v MNETIZT TICIRESER B & U420 bDSHF
ELTHBY, EARSIC L B SN RIBE SR
72. H+ CMEEIZBIT HPT cellsDEIZETIE, PTeells DJFEIE
BADZERIEAI L EEE S h, B SRS EHIC

25
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A .

Fig.4 Electron micragrams of diabetic rat wglomerl.ilus, injected

iopamidol (A), ioversol (B and C).

N: nucleus, P: podocyte, M: mesangial cell, C: capillary, : basement membrane, arrow: retentive deposits, arrowhead: vacuole.

In addition to the diabetic changes, the DM + lop and DM + lov groups showed an increase in nuclear impressions of the mesangial cells
in some part of the dilated intercapillary mesangial area, and dendritic activation causing tree like extension of the cytoplasmic processes
(A and B). In the DM + lop group, amorphous electron dense retentive deposits were observed immediately underneath the basement
membrane around the cytoplasm, which was a finding specific to this group (A). Vacuoles were observed in the epithelial cells of the DM

+ lov group (C).

BOWTEBREINL LV EASH Y, DM+ CMEETIZ
L LAHA LTz, PT cells®IEEEREFR A OAHAILIL T
7 v META Y HERAIB SR TS CBES .

PT cellsD[EE LR THE/SFEM T — 7 Tld, H+ CMET
FENa (%) %31 # o A B W THEICH ¢, DM+CM
HETIL, DM +IoxBEIZBVTUNAG %5, DM+ Ami, DM + lop
H(p<0.05), DM+ IovEE(p<0.01) Ll LAEIC LA L
THEY, PTcellsDBEEIE A 4 Y HEEHICBVWTHRS
h, ZHIIEIAREZNIC IR A ORBALOBE

26

FERIC-H L. ARBREOBETIE LML, DM + Iox
# Tdeposits SIS N, A4 F 7 AfEBOZE(LIZIDM T
v MREOZRITEE SIS, SRERMEIZE T A B LERIC R
R W3 A CorlZIZFE LT RIIRG o Nt o 72,

zZ %

StreptozotocintZ & V) Bl OB I @R IIBE S A ~
2 AMARTEE O BERRIFHSEERAY W AER S AL 5 A998 3k

BARERSRE H57% $9%5
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Table 5 Comparison of the DM and healthy rats group on baseline data

72, HAbFT— # TldH + CMEE

Diabectic rat Healthy rat P value (282 TFENa(%) 251 4 1%

group(n=5)  group(n=10) EEACBVWTAHRIIES,
body weight (g) 301 + 26 302+34  <0.001 AT
glucose (mg/dl) 431+ 153 197 +15 <0.001 iRV D EE AR S
insulin (wU/ml) 6+2 1244 <0.001 RECEBLARICEST L Ts
urine volume (mi/day) 2517 1446 <0.001 D, PTcellsDREHIIA 4 ik

TP (g/dI) 55+0.4 57+0.2 NS WHNZBWTHRWEEZ Sh,

Alb (g/dl) 45+0.3 4.4+0.2 NS AR M BEAS R & — L 7.

U-Alb (g/dI) under 0.4 under 0.4 NS L7:%4%> T, simple vacuoleld,
creatinin (mg/dl) 0.6 £0.1 0.6+ 0.1 NS IO EE S OY IR LN
BUN (mg/dl) 26+ 12 1643 < 0.01 H5PEL5R ARFE L, complicated
Ccer (ml/min) 135+ 35 125+ 32 NS vacuole | XM U % 5 <
FENA (%) 0.9+0.3 0.4+0.2 <0.01 RBEL T z, ARSIV b 2
FECI (%) 1.440.8 0.8+0.1 NS X BNz, E4E, O compli-
NAG (U) 11£7 12+£8 NS cated vacuole D HIIZFEH L T
NAG/Cr (U/g) 0.55 +0.43 0.16 +0.11 < 0.01 WBETD B ,a,:,;m, B O
U-Creatinin (mg/dl) 32+ 36 78 +28 < 0.001 I RS, hoEL
Na (mEg/l) 140+ 4 1437 NS SRR ¢ %0)1%%;:0
K (mEg/l) 46+0.5 48+0.3 NS l/"if{)%'& L,"’V’;Cl(‘. w0
I oo il RS, 0P| Drester—scys
: . ) T

Comparisons were perfomed by Student's t-test. NS: not significant. THHTTH L.

E 512, PT cellsDZERIERLD

f91Z I dstreptozotocindz 5-12 & V), 6~971 H TPT cellsiZ &I
BADZERI S myeloid body DILRK, AEAOIE, Stk
D A F 7 Lflifa~Delectron dense materials D75 55
DOWERFEDZALS BT 5 L WE S TnDHY.
L?ﬁ‘]i[ﬁ MHEEELRITT 216720, 53D E
HRORITEELEZ DML, FHFIREROBGEDOH
’EL' &7z h, DERME LM T, SRk ERS L
T L X R BRI LR 5 SR AR 11 2g]/kg
~5gl/kg T, W6 A2l Bl § B I1L7.5¢l/kg ~10gl/
kg TH D L OFEAsH D220 Fi 2)EEHEIUT o 72T
FEERTlddagl/kg L 8glkg Tld, ZEfIX IR L-A%, MR
BLUHEFENSRTREN oI EEBE L
L) ZOERFEMFEAREOFERTHLEEZLNT
WBZLhs, EEANCE S ENEREOREE BT 5
20, m%%#imktfumfmmmEﬁMéﬂﬁﬁm
PHBET AEE L Tagl/kg T #IR L7z,

RFEBIZ BT, H+ Cont, H+ CMEEIZHB1F BPT cellsD
T3, PEROBUEED 10 L FRRICEIZE N DO 2RI
SHRBEIN. IO OERIMERBEERANIIBVT
Sl v ERNH Lk, BEEAN Td HH+MannH (2
BwligEshar o7, INSDOZERL% simple vacuole
& complicated vacuole & # L4317 THi%ET % &, complicated
vacuole D%\ PT cells TIZBMEAEIZBIT A 15EHPT R,
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Table 6 Results of laboratory findings concerning renal function after injection of control agents and CM in the healthy rat group

0.9% NaCl  mannitol amidotrizoate  ioxaglate iopamidol ioversol
TP (g/dl) 5.6:+0.7 58+0.2 54+0.8 57+0.2 58+0.3 57+0.2
Alb (g/dl) 42+0.4 43+0.2 41+0.7 43+0.2 43+0.3 45+ 0.7
Cr (mg/dll) 0.6 +0.1 0.5+0.04¢ 0.6+0.1 0.6 +0.04 0.7 +0.1 0.7+ 0.1
BUN (mg/dl) 14+4 14+2 16+5 1542 16+3 16+ 2
Ccer (ml/min) 126 + 33 145 + 36" 123+ 35 137 + 11 137+ 35 108 + 17
FENA (%) 0.3+0.1¢ 0.2+0.1 0.5+0.1¢ 0.4 +0.1¢ 0.2+0.1 0.2+ 0.1
FECI (%) 0.7+0.2 0.3+0.1 0.5+0.29 0.3+0.2 0.2+0.1 0.3+0.1
NAG (U) 22+6 21+8 22+8 24+ 10 24 +10 21+13
NAG/Cr (U/g) 0.3+0.1 0.4 +0.1 0.3+0.2 0.3+0.2 0.3+0.1 0.3+ 0.01
U-Cr (mg/dl) 77 £17 55+ 11 100 + 60 90 + 44 99 + 72 98 + 51
urine volume (ml/day) 15+4 23+ 9 15+9 17 £10 18 £ 11 1347
U-Osmolarity 1021 + 222 844 +184 1648+760 1323+411 1168+837 1360+ 619

Multiple Comparisons were performed by one factor analysis of variance.
a; p < 0.05 compared with ioxaglate. p < 0.01 compared with 0.9%NaCl, iopamidol and ioversol.

b; p < 0.05 compared with ioversol. ¢; p < 0.01 compared with mannitol and ioversol. p < 0.05 compared with amidotrizoate and iopamidol.
d; p < 0.01 compared with mannitol, iopamidol and ioversol. e; p < 0.01 compared with mannitol, iopamidol and ioversol.

f; p <0.01 compared with mannitol, ioxaglate, iopamidol and ioversol. p < 0.05 compared with amidotrizoate.
g: p < 0.05 compared with ioxaglate and ioversol. p < 0.01 compared with amidotrizoate and iopamidol.
h; p < 0.05 compared with ioversol. i; p < 0.05 compared with amidotrizoate.

Table 7 Results of laboratory findings concerning renal function after injection of control agents and CM in the diabetic rat group

0.9% NaCl mannitol  amidotrizoate  ioxaglate ioparnidol ioversol
TP (g/dl) 5005 51104 52+01 50+0.2 5.0+0.3 50+0.2
Alb (g/dI) 4.4+07 3.9+0.2 40+0.2 3.8+0.1 3.8+0.2 3.8+0.2
Cr (mg/dll) 0.7+ 0.1 0.5+0.12 0.6+£0.1® 0.7 +0.1 0.7 % 0.1 0.6+0.1
BUN (mg/dl) 53+ 13 30+ 16° 43+ 14 59 + 21 39+ 13 46+ 18
Cer (ml/min) 62 +: 28° 152 + 40° 85+ 34 88 + 26 119+ 20 99+ 2
FENA (%) 0.6+0.3 0.3+0.1" 0.4+0.3 0.6+0.3 0.7+0.4 0.8+0.2
FECI (%) 1.31+0.7¢ 0.4 £0.1" 1.4+£09 0.7+£0.2 0.6+£0.3 1.1+0.3
NAG (U) 20+6 23+4 22+6 32+6 21+9 20+ 6
NAG/Cr (U/g) 06+0.2 06£0.2 0.8+0.6 0.6+0.1 06+0.2 06+0.2
U-Cr (mg/dl) 30+ 11 34+7 36+17 51 + 13« 45+6 34+8
urine volume (ml/day) 21+9 34+5 19+5 17 £3 26 10 27+7
U-Osmolarity 1468 + 393 1081 +288™ 1422 + 344 1549 £389 1443 +589 1317 +270

Multiple Comparisons were performed by one factor analysis of variance.
: p < 0.01 compared with 0.9% NaCl, ioxaglate, iopamidol and ioversol. b; p < 0.05 compared with ioxaglate.
; p < 0.05 compared with ioxaglate p < 0.05 ared with 0.9% NaCl.

S0 N

: p < 0.05 compared with iopamidol and ioversol. g; p < 0.05 compared with iopamidol.

3 P < 0.05 compared with ioxaglate and ioversol. e; p < 0.05 compared with 0.9% NaCl, amidotrizoate, ioxaglate and ioversol.

; p<0.01 compared with amidotrizoate and ioversol. i; p < 0.01 compared with iopamidol. p < 0.05 compared with ioxaglate.

J; p <0.05 compared with mannitol, amidotrizoate and iopamidol. k; p < 0.05 compared with 0.9% NaCl, mannitol and iopamidol.

I; p <0.05 compared with iopamidol. m; p < 0.05 compared with ioxaglate.
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