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Abstract : This study was carried out to investigate diabetic renal changes in cyclophosphamide(CY) treated non-
obese diabetic(NOD) mice and to develop animal model of diabetic human nephropathy. The 8-week-old NOD
and ICR mice were injected with cyclophosphamide intraperitoneally at 200mg/kg body weight and compared the
chemical effects on these mice with the non-treated NOD and ICR mice respectively. The renal glomeruli in ICR,
cyclophosphamide-treated ICR(ICR+CY), NOD and cyclophosphamide-treated NOD(NOD+CY) mice were ob-
served by the light and electron microscopes.

The results obtained were summarized as follows ;

1. Spontaneous incidences of diabetes mellitus in NOD mice were significantly promoted by dosing with cyclo-
phosphamide.

2. Glomerulohypertrophy, proliferation of mesangium, partial thickening of glomerular basement membrane, and
partial fusion of pedicels of podocyte were observed in NOD mice and NOD+CY mice. These changes were not
observed in both ICR mice and ICR+CY mice.

3. The diabetic nephropathy observed in NOD+CY mice was more severe than that of non-treated NOD mice.
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£ Udsd vgEA Al 28 Zxw(noninsulin-de-
pendent diabetes mellitus, non-ketosis-prone, adult
type DM)2.Z i}ret. o]l E A £59 339
Z7tell W& AE3HQ A&7 Eul7l o] FoRAA] X3}
+= FHA o]4H(impaired glucose tolerance), YA F
X (gestational diabetes) @ #4444 758 F
(hyperthyroidism), Down Z¥F & th& A9 Z4)
o] AR2 InE Holi= o|X4 Fiir (secondary di-
betes)o] gichH?.

Gepts et al’o] FA4 Fxg o2 Adl 3hate] #
Akol] FELTL ARH A& Bugt ol A 13 g
ol 191 i)l Q% H4s B Al¥e]
Add gy (insulitis) 2GR, FJZF AFo 9
Qlez gAe) AT olel Etlol G mINE
upolg) 2, HEEA Fo] H7HA 22 Fol ¢#A
et

olgdt Fue F4 d el A8 kA W FL
Fudch FAEHSS Al 13 Faoly &3] et
Uol QEdl REd] aE A AHEe AEA
(ketone body; acetoacetate, f-hydroxybutyrate, ace-
tone)d] Ik HHew Al Gyl AEF
(diabetic ketoacidosis)?} X BE]|A] & dFS D
ol 9ol YW Fr9 Fx 4% F7tE 24
EokA vlHAIEA £ (hyperosmolar nonketotic coma)
& g

thA o g AAke] 7154 A HelAel W
£ Holy g4 AF™, A2 A%t 715 A
% st e dud A, Betge 53
2 ke duA AR Sl AUk 53 FuwA
AZe Fuyoz Qe Fd A UQle] H3 gle
o}, AEAS) nlo, Al 71A2ke] W], mesangium
9] 4] 9l FAE F7]9] ¥EA {37} Kimmelstiel-
Wilson &7 0.2 g2l 534 244 A+A 33
9 yellgtE Q) #3le} okl iz (albuminuria)?} A
A| o33}ek(glomerular filtration rate)e] Z7} 59} 7)%
ZQl W3t kg o,

ol o|2r|7tA Fuwe] UelE ¥ XaE

Exog oy 7kx) BlFEe] ALSA. AdH

guy RE22= NOD uh9-A(non-obese diabet-
ic mice)'**, BB 21", Chinese 3A€]”, C57BL6/]-
ob/ob mF-£" C57BL6/Ks]-db/db ul-$-~" KK u}
$-2", guinea pig® 5o] glow A, o], A, Y%
ol foll e FicH o] ubA B 17} glel.

A9Hel Bud o FAZE alloxan®,
streptozotocin(STZ)*#50] gler nfolz] A% By

£ FEAE F dE 75l g Aoz Huy wp
1=l encephalomyocarditis(EMC) uloj2]A, Men-
go Hlolg] A, Cosackic B ufolglA 52 A4 % B 4]
2E 2 Y + AdT Aoz 4EF R, Reo npe]
2] A, Rubella vlolg] A FL #HA4LES] B A EE 3
A e o A7Pr|1R6 wet oj oz B
AEZ EFAF= Aog dE R

o] FollA Al 13 Fare] R AFES e ALE
NOD vh$-A=1980vd YHe]  Makino%} Tochino'*7}
ICR vl AlEelA =i g bl AldY ca-
taract prone subline(CTS) w}-¢-A% Aldispd £ chs}
A AT, 1YFHE Kol g ANE £
gl Alsle] 2 Aoz Eele] CTS vk HHe]
o2 F37 Agolh AF 455 NOD k-9 3]
A4 elle JZ2771 a5 9-1058 o] =9 gL
T Afro] AAl el Aoz It G 4
F 15 F7oll 3ol A 30%, AHANA T 82%l1A] FA]
7F et

o] A7) ol W FE AFEE FR I
A Fodol] ogt AR rlo] IO E ¢ sterby et
al”3} Higg *& alloxano 2 guHg {47 H=
oA AA 712 9}e] Wl $-9} mesangium?] F4 58
A2s1g 3, Wehner®l Majorek”e 71U Zoll A,
Wehner$} Petri®®= 2Bltoll4] STZS] o8 Guts]
LA AlFel iste] st Yongdt Bleasel”=
STZo 2 ©ixrjo] GHtE] Wistar SHE2] AAbollA] 4
A AR 1gGe A2 glou B C3e 3%
=R ofkebar Easiglc).

At SE RS o 48 AT E Wehner etal™ e
KK vhg-2ol] el Fad At she 2489
I A EL F4 e FQ1% e FAeg s, Nakhoo-
da et al*'& Wistar 2 =0ll4], Brown et al>& BB R
E o] £ oA Aol Kol B4 459
et wizstel fA3E Wkl AA| 7)&ute] vlE,
mesangium®] 54 9 FE7)e] B4 (3-8 s}
o}, Watanabe®**= NOD ul-9-2~oljA] v z2]3}51 4]
o g Al F)&|gtel] C38A] W IgG, IgA, 1gM
Sol A A WAL, A7 A2 to) ¥]3:3)
£ oA ¥E glycohemoglobin Al(HbAl)o| Z7patc}
3 Br3bgdel. Marion® Carlson®*& zped & Q] Fiand
U rhesus Y509 AAE FAAAE N (SEM)S
2 Bdsl] Hg7)9] FHA% el IS Hnd
At

2T A 13 Py 990L AP A6 2%
Ao g B3 olof] 3t A7} AW F A AA
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2 #0]|E cyclophosphamide(CY)E NOD w32
Folzie] Aol FAgle] 90% ol de] & G
g Belvhs Aol Bas|gie}”. 13)a CYE 9k
Hell tigt Aol gl ohE dul AlSS] wlgXell4
© 3ualE AR e A ez o
AU CYE Age] Al fE3ivke 443 a7 4
#H7b Bag vl gla®, AgHo g CYE Foidt Y=
o] Azt gl WH g HEEddE Bak 9l
I;}_S?‘w‘

CYE NOD v}$-£oj| 5§59 (CY+NOD) th& &
oY RdE-Eol vjsle] =70 22 vlge] Gy ut
% A7E Vel alloxan, STZ 5-9] 3haiol| o3t
Gy fRde njsled §43H a2lo] Fad U
o2 geiFl A A 18 Gude] 47| A oS
A Aoz d#A Qlrt. 2y SR CYE &
EHE 218 NOD vh$-2olld Fidle] 23 ofg]
o] Fnwe] 3 F B2 CY oFE A7} Al ok
A7) " z=A o] ulx]= kol et AT HE o] F
o] 2]2] o§ste}.

ojol] A= NOD ul$-20l] CYE Fodslo] g
Weol 27 #3-§ ez, §8=E NOD vhgx9)
A AFES A A ulasia - Al 9
g AAFA 9] W 555 =2Asto] HeHEAd] o3
Fay 2ovct A2 JGun gyt 4ol

€ SEROA 2 A ubA JPA el a2 b
Q nge] dud UFRIAS ] A rlx A7
£ szt skgict.

Nz Wy

HYUSE B Al A8 52 I A
HEFRNA HAX AF 879 ICR Al A vk
2= 20 v2ig} NODA| ¢A vh9-£ 20 wlg) 24 o) F
& CYE Foislr) g2 ICR3 NOD, CYE Foidt
ICR+CY, NOD+CY 47} F2o.2 J¥o] 7 ol 100}
242 iRt A% B AY 77 A4 B4
2 24410, A 5 50+10%S FAsE T 1247+
Q1 F =z sl A uhg-A4 cageoll 4uely Yol A A%
B3k ARAEAR, vhpag )0} Hee FAZ F
oJ 3} c}.

ABFON : CY FoFoAE  cyclophosphamide
monohydrate(CY)(Sigma Co)& A&l& 2dgol £
sto] A% kg F 200 mgE B el 13] A3 ¥
25 FUE o g o] 13 FASACH. HzF

o= AelA AA5E 7 2 S48

HEsls U @Y - AE e 22X - Y 77
Z 15Y 4E ol AR dFol Ao glu-
cose-oxidase Wi o 2 dotekg Al on AF ¥
25 WA 200 mg/dl o] o) WA E Hol=
AAE Gl wEH Aoz A en AFY
wskel Hekx| o] M-S Student T-test(PL0.05) vhy
o2 BA A2t

YES0|ZA a7 FollA Ay A F 4,67
850l 3utel¥ A3 G2 2AA7] kg FA A Hs)
o AL 10% 34 F=rz Sloll 2447 st
F olEehE SRS AR 77| 5pme) 3pm 7))
stk 27 AHE AJAFsloe] hematoxylin & ecsin{H
&E), Mallory's triple, periodic acid Schiff PAS) 9
periodic acid methenamine silver(PAM) 3 2-& &}
ARsrh. AR W3 AEE FAE] YA
£ 3 AAGA 20709 AFAE delg AAste] o)
go) Belzl g AL negativeZ, o]4o] 9l o]
571 ojslQl A mild2, 107] o]3}2l Z-2 moderate
2 157} o)Ael AL severe® F A3} ).

X Ho|EA nhE o A& Ay oY 295
Imm’]3}l& A|Asted 1% paraformaldehyde-1% glu-
taraldehyde °8(0.1 M PB, pH 7.4, 4C)oll 3217+ A
3138 ¥ 0.1M phosphate buffer(pH 7.4, 47T)i2 5%
7+ 33 FAlste] 2% osmium tetroxideol] 24| 7F ¥ i
AsRel. 245" =22 0.1M phosphate buffer2
5871 33 A AubA Q) Wbyl v} ot &
T24-& AH> Araldite mixtureol] Eojslgc). Enldt
232 ultramicrotome(Reichert-Jung Co)g 4#/4] 0.
8um S| 2 vbdHA s o 0.5% toluidine blues
A ¥ Fedu| o Baele] 2bEHE 98 2
H Aol Agsisict. et 95 Zo} diamond
knifeE AH83le] 50-70nm FAlE ZupAFHE &
formvar 2h& Y3) gridoll 2] uranyl acetate®} lead
citrate 2 ©0]F JMzto] FRHAHU|ZI(TEM Zeiss
EM 109)0.2 3381 dct. AlA2A)e] w3l A5 E &
A7) faAE B ANl SAe) A els
ARsle] o]4de] HolA] k= -2 negative &, o] 4]
A Ao] 27 o3l 21 mildZ, 37 o]slel R

moderate & 47) o] A2l 7 severe @ FA|SFY ).

4 o

HEo| st APAE F 15U AR AT W
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32 Z2Azle], ICREH CYE 53 ICR+CYTFE
v 2% A3} ICR+CYro] vhd B AlF F7HXE 2
o} ¥ 77k F94-2 gl NOD## CYE F
oJ4} NOD+CYZolA= i b AAlse] F71eh
@A AFel FrlelAl o A4 AF A9 AFE F
A&} vH(Fig 1).

* [CR mice, * ICR+mice,

40 1€ NOD mice, = NOD+CYmice.

1
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Fig 1. Body weight change of ICR and NOD female
mice measured weekly after dosing with or
without cyclophosphamide.

Y|l piste} Ghnyel Wy gl - ICRTFH
ICR+CY Tl A= A7z FF Y]] HohE o
37t gla A9 S350 242 113.5mg/dl, 113.5
mg/dlE Hv}l. NODT# NOD+CYolAe 2
Weo| uhd AT Frlel viie] 7 o) HE d9
A5 Frrslgder. AEMA F 650l NODZollAE
264.1mg/dl, NOD+CYZoI AL 388.9mg/dle] &3
& HgutHTable 1). A4¥ F8A NODFIAHE
60%, NOD+CYFoll A& 90%2] A g2 ¥yt
(Table 2).

8 #o|ZAH 4A : Hematoxylin & cosin® 2
A R WA A} ICRET ICR+CYFolA &
AY A 77l Ax) A4AeA Feigk Bowman's
space® W3 = Qlon FE A4yt Agoz
W= . NODTA & AEMA 3 453 (4% 12
Fells Gzt GEE Aol 2 Aol Fig 3
Z &7o] it AN F 8 FAF 165 )0l
Fxt s Aol Afae] vl Ak e
Bowman's space7} ZH4a=¥l 212 48 = et

Table 1. Blood glucose levels in ICR and NOD female mice dosed with or without cyclophosphamide

2 wks 4 wks 6 wks 8 wks
Group No of Blood No of Blood No of Blood No of Blood
animals glucose animals glucose animals glucose animals glucose -
ICR 10 1075+ 2.8 10 109.6+ 3.1 7 106.7+ 4.9 4 1135+ 5.6°
1ICR+CY 10 108.7+ 2.2 10 1102+ 1.8 7 1148+11.7 4 1135+ 1.5
NOD 10 128.2+134 10 166.5+30.5 7 264.11+46.8 4 315.3+£57.6
NOD+CY 10 129.6+124 10 262.7+43.3 7 388.9+64.3 4 412.81+86.2

* :mg/dl
Values are expressed as mean+SE.

Biood glucose levels are measured after 24 hours fasting.

Table 2. Cumulative incidence of diabetes mellitus in ICR and NOD female mice dosed with or without cyclophos-

phamide
Group O wk 2 wks 4 wks 6 wks 8 wl:s_»ﬁ'
ICR 0/10 0/10 0/10 0/10 0/10"
ICR+CY 0/10 0/10 0/10 0/10 0/10
NOD 0/10 2/10 3/10 5/10 6/10
NOD+CY 0/10 1/10 5/10 8/10 9/10

* . Number of cumulative incidence of diabetes mellitus/Number of inspected mice.
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Table 3. Morphological findings of the renal glomerulus of ICK and NOD female mice dosed with or without cy-

clophosphamide

Thickening of GBM*

Fusion of pedicel

Proliferation of

G Mesangium

roup — -
4 wks 6 wks 8 wks 4 wks 6 wks 8 wks 4 wks 6 wks 8 wks

ICR

ICR+CY

NOD + + ++ +/ + +/- . ++

NOD+CY ++ ++ +4++ ++ o+ + ++ +4+

* : Glomerular basement membrane.
- : negative, + : mild, ++ : moderate, +++ : severe.

NOD+CYZoA & NODZol| vlsie] 72 7|7kl
o8 A% AA Bz B3 =glon] AY AR £
8ol it wFE Al dEE-e] A4AelA
Bowman's space7} 44158 218 #34¥ 4 gl (Fig
2). AP F(ICR+CY, NOD+CY)2] Alzl==of|A] A%t
z2lo] FARIAEAE @434 Mallory's triplesd Ay
Hod oAl FREE Ao, tlEF(ICR,
NOD)ef| I3l Ztol7t gigith(Fig 3). PAS ojAjo =
mesangium-g- 48 A3 ICRFH ICR+CYFol A=
A4 A 77l A mesangium?] F4jo] PE=]A] ¢k
$t3L(Fig 4), NODollA] Fxdo] wkF=]x] ok 7
Aol A A% A 717 FQF mesangium®] F4)- 3
& 5 Yo AY A F 830l duro] wEsl
A ] bAoA o) Fo] FA1F A& FHE F U
tHFig 5). NOD+CYFAE Fiwo] uhEat 3|
mesangiume] F4Jo] A)&}E|glon] 2|7to] 73z}l
Wz} o] 59 F4le] FrkEe AL WA+ Ut
(Fig 6, Table 3).

PAMe 2 A8l A3} ICRTE, ICR+CYTA = Al
H 717 B AT T ge] o2 HAE e
1} NODZ# NOD+CYFolAE &Moo g Hol:=
ATA Z1A-=te] w7t o (Fig 7) NOD+
CYTFE] Aal AAoll AX i st Bd=
(Fig 8).

DX MoiFE 24 : ICRTEY A4 AFANAE T
B FAl o] AFA| 71& 2k o] & Wit Qe FA|E9)
5717 & FEEJ o0 AFA AR Ao|dllA]
mesangiumo] T2E|¢ ). Mesangium< mesangial A}
X9} 7|Aate] ARt NHAE Aolo] 7HA-g ol-¢i
9+ mesangial 7| A2 o}Fo]#] gJlc}. Mesangial A

o A2 diorrt 3 52 eHg¥olgler AEL
< AA At AR AR eI} w2 S
I o ApLESL G2 W - 2 F F 35 R
ek, 7149k W& JHAEE Ho glglen 9
Fie SAL /7 v o fEHos dn e A
o] #E=E Ut ICR+CYF9] S0l ICREH o]
7t e BAAH AA 2148 Bgom FU3 T
o] AA 71A et} o] F Wi e FAHXE E7)7F 1
] 2= Ack(Fig 9).

Firh EE A ¢k NODT9] 14 Aol A
= LS e o R £ P I SRR A e b ) = I
o= Ad MA F 4ol AtAl 7)Ao F2H
H) 372} uloFt mesangium®] W $7} B o vzt
T WEEA ket AY A F 8Felle AFA
Avke] A FA, AR FAE E7)9 FH §3
# mesangium®] F4jo] A= QIck(Table 3). NOD+
CYFollA= B w3 @7 NODTol viste] 15
ARt A=A 7129te] A9 SAE F7)9 BEA &
3 W mesangium®] FAlo] FHlsiA Qi)
(Fig 10). o]2]3t 472 A|7bo] A3l aiz} v S 4]
sled ] AEA] 71218t w) e} 3] o] Fo] Fo] 3
21591 cH(Table 3).

AT RA"EH 7)1 A ICRT# ICR+CYoll 4
£ 3508 9its] FEHEG oY, NODTI NOD+
CYToN|A= Alzlo] BapE|m A ul¥sl 7ixjutz) F4)
= g7)9ke] 3ol whe} v1Auke] Fo) vha Bl
Ao 3] NOD+CYFollA] 71&|uto] AJsiA] vl ¥l
7ol AR LT} G o 3eioke) §g olol
Wt 9)E Bele] YEEQ) AAe] IHEEIRvi(Fig
11).
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U

E AgolA ICRTH ICR+CYTS U ¥z
9 AlF F7He By Guyo] WFER] oke Aog
dojAlx, NODel H|3le] NOD+CYF2 ¥
4 AF F4E 2o cyclophosphamidert 4743
o2 guyd] 420] e NOD vhg-Aojj4 i
9 R 2A4E vebd 222 A7

AA] Wt Fde] whEEA] ¢k NOD¥
nhe. 21} ICRZ, ICR+CYZ AL HolA| oty &
%o 2% NODZ uh$-29} NOD+CYZE npg-x
ofl 4] FEE Ao g Kol CY A Ao gt &
AL gl Aoz AW NOD+CYTollA 2] AFA|
vt mesangiume] 4% vl Ao Hol
mesangium®] FA|0 2 AFA7} vjiEl Ao o
A}, gxdo] W¥E NODF vh-2¢} NOD+CY#
uhg-2=2] AAollA {3 AHrAle] B, mesangium
9 F4, AA Z1A 2] vlF, FAE E7]9) BEA
F& 59 24 AR Fuyy 4AFNAE Jept
o’ 2 492 Al g AR st GdaAd A
Z9 7% 71739 SAoll wel mesangium®] F4]o]
iq_]q’——ll 6}%;}10,30,42'

Wehner et al*2 Zizd o] 2e)%89] KK up$-2ol
A AAEA WS B, Volrt el o
2k AATA ] A WS Y-S AslodAs, A%
ofl4 Role FiwAd AlAg¥wel EolH £ no-
dular glomerulosclerosisss WA= 2] ekgtrla B st
gc}. ¢sterby et al*# Higg e alloxang Foisle]
Fh-E AT RollA AAA] Z1A 9t B,
mesangium®] 24, AFA] HUE Hasila
Wehner2} Petri®, Yong®} Bleasel®= STZE §oi3}
o] Aol ZAEA We|AE o= st
1, mesangial A EE Z7Hgckn Basilen] g
thi i & HIchs &gict. B AgollA 45 4%lo]
Ue AUt RAFES of8le] A7t At A
238 b fHEA S o] 8% Anpels A £
o] B} zlolv} gl Ao 2 ALasr).

Brown et al®2 z}edzel gud wZrdF-Eql
BB Hx=9] g =Aste] AA] 71 uke] A%
H| 35 el B aslg ou) mesangiume] 4]
& O AYFEEYY el SR gt sl
=, B AYe Ay o] W¥E NODIH
NOD+CYi-oll4 mesangium®] ZF4]-& KBl Ao} 4}
olF Hola Qr}l. B AYdlA z7]o] YA vl &(F
HZ-§ 90%, FoIF 85) o]4e] Fun g WFAIA

Fiag A A5E A EY o] Brown et alo]
¥ 671Yo] At BB HeollA Gugi A3g a3t
& A dtel] v]3te] mesangium?] F4|3} ti o] B} =
71l A FE9} Fuy A FuA Ao
mloj et

Watanabe®}= NOD v}$-of|A A2 7]#12ke] ]
Fof 2AGEAY M, mesangiume] FA)#} IgG,
[gA%} BA) RS 7|22} F2hg Basiict. & Ay
9] NODPollA Fxyo] ulEw]x] ok sl
Fr4 AAFA HHS Holx| ggkor] wirol
ugE T80 AATFANAE Al Role A
AR £7248 B2 4 QlUeh F mesangial 4| E£9]
Z4] | mesangial matrix®] 2|8 B3, AFA 7]#]
uko] W) FE Eﬁd-‘lL}, SAXE F79] BEHY FE¢2
AY A717Hs Fole] R gskoh. At gloiA
o] FuwA Aol Eoldl Wl Kimmelstiel-
Wilson lesion& oh& Q3250 Bar'%et g} vpo)
A2 B Aol = A ekstet.

CYZ wuHle] Z2F% NOD+CYT| gleiA
NODoll vlgle] t]& 4k okde] A7 B g B

oo, FAE 719 85 4Y A F 65 (¥
143)9} A4 NA) F 8F(AF 165 )l v 39 At
A Z|Ag @A 2 FEREJc. ol#g ol
ICR+CYT9] AL#Aoll A= o] sl gk 7
2.7 u]Ro] Ko} CY & zpAjol] of3t Holzlr| e}
© BuHe] W A 7el uhE Ao AgEv, Ay
7172 Aste] BAA 5l NODFellA = 3 9]
A W Zlo g AzhEct ola]dt BiEA] FE
o] F-L A 715 ofzute) YRE FAs

© FAE/ 23] Y3y Ao ofu) 2tgo]
zshgol Wl Yeldols B gl

H Fide] B NOD vlg-2oll4 IgG, IgA,
IgM 59] &A1 Eo| A7A| 71422} mesangiumel] %
25 AE WA A A7) L EESE) Funabi-
ki*9} Suzuki*7} Aatolla] #agk A7 2} Abrass
9} Cohen*o] STZo g Ql&dl &Y Fud$ f
AZE A=ollA] Bl Aufel Yx|sted Al AlZol
W 557} dato] JlE Aoy F2H 1 Q.

CYdl] 9Jalj4] Gxro] 2% NOD+CYF vh$ A
dlAE NODT vh§-2oi] Wlslo] 2 "Hgx)E& 2
o1}, CYE Eoj8t ICR+CYF ul$.249 CYS Sols}
A & ICRT vp$-29] PFx|= W2 HztE Hol
A ggstel. ICR+CY#3 gujo] WEs|x] oke
NODollA A AFog Kol W) a3
A &2 Ao Hol NOD+CYF A7 Wi
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CY oFzofl 23k ZH#<) W3y} oy CY7l Wy
7Aool Argsled 228 08 k= el o3 Ao
2 FZ3c}. e A7lell A7Ae] g el |
3= NOD+CY#o] NODF B} A3k Ayl g 3bas)
et AhollA Mol A A Wzt Fe A
TA ZAER 71 2ke] 524 H]¥F, mesangium®] F
A, AL E719] 324 4, AAE vdE 2o
CYell 23] Bxro] £33 NOD+CYE vhg-Av A
o] Buy AFe] 83 2z A8 5 gler
gk ol2] 3 W] vieh s B8 713l digt
T gog Algsiojor & Ao g AzhEc

4 B

Fxdo] = vleso] AATA HHe PelEt
Hoz Esl7] Hste] B §AH £90€ 7HA
51 9 NOD v}$-29} UubA| 52| ICR ul¢-24E 2+
7} 2MF o2 U the NOD vk~ 1703} ICR v}
$2 17/l cyclophosphamide(CY)E & Kgd
200mg #-& HMNE Fojsta G2 vh$2(NOD,

ICR)oll= A3 A5 Fofaisirt.

Fue] SUE wlgrel SUEA] L ulyre
AAAE Bty 9 HAAdeFeos B A
e ok ok

1. CY:= NODPollM = B & 244
o1} ICRFoIA = B e §4 avpot vehdA &
gieh.

2. CYE X033t NOD uh$-2~(NOD+CY joll 4 = A
A| B]H(glomerulohypertrophy), mesangium®] 242}, 4}
A Z1A kel BEA u|F, SAE Er)9] B2 G4t
o] T Fgl o1} CYE £o3t ICR ub-2(ICR+CY)
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Legends for figures

Fig 2. Kidney of the NOD+CY mouse(8 wks).

Glomerulohypertrophy is significant and most of Bowman's space is decreased(arrow). H&E stain. X 400.

Fig 3. Kidney of the NOD+CY mouse(8 wks).

The amount of connective tissue in the organ is not increased. Mallory's triple stain. X 400.

Fig 4. Kidney of the ICR+CY mouse(8 wks).

The mesangium is normal in appearance. PAS stain. X 400.

Fig 5. Kidney of the diabetic NOD mouse(8 wks).

Amount of the mesangium is increased(arrow head). PAS stain. X 400.

Fig 6. Kidney of the NOD+CY mouse(8 wks).

Amount of the mesangium is increased(arrow head). PAS stain. X 400.

Fig 7. Kidney of the NOD mouse(8 wks).

Thickness of the glomerular basement membrane is increased. periodic acid methenamine(PAM) stain.

X 400.
Fig 8. Kidney of the NOD+CY mouse(8 wks).

Thickness of the glomerular basement membrane is significantly increased. periodic acid methenamine

(PAM) stain. X 400.

Fig 9. Electron micrograph of renal glomerulus of the ICR+CY mouse(8 wks).

The glomerulus is normal in appearance. M : nucleus of the mesangial cell, PP: pedicel of podocyte.

X 9,000.

Fig 10. Electron micrograph of renal glomerulus of the NOD mouse(8 wks).
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Amount of the mesangium is increased and the glomerular basement membrane is partially thickened.
M : nucleus of the mesangial cell, PP : pedicel of podocyte,
Arrow head : glomerular basement membrane. X 11,000.
Fig 11. Electron micrograph of renal glomerulus of the NOD+CY mouse(8 wks).
Amount of the mesangium is increased and the glomerular basement membrane is partially thickened. Pedi-
cels of the podocyte are partially fused to the basement membrane.
M: nucleus of the mesangial cell, PP : pedicel of podocyte,
Arrow head : glomerular basement membrane. X 22,000.

— 660 —



— 661 —



& n & @

. National Diabetes Data Group. Classification and

diagnosis of diabetes mellitus and other categories
of glucose tolerance. Digbetes 1979; 28: 1039-
1057.
Volk BW, Wellman KF. Type II(idiopathic)
diabetes(non-insulin dependent), In The diabetic
pancreas. 2nd ed. Plenum Press, New York,
1986; 233-264.

. Gepts W. Pathological anatomy of the pancreas in
juvenile diabetes mellitus. Diabetes 1965; 14(10):
619-623.

. Bach JF. Mechanisms of autoimmunity in insulin-
dependent diabetes mellitus. Clin Exp Immunol
1988; 72: 1-8.

. Eisenbarth GS. Type I diabetes mellitus, A chron-
ic autoimmune disease. N Eng ] Med 1986;
314(21): 1360-1368.

0171}, o] %, WY 5. At HY dHEE

— 662 —

10.

11.

12.

RdelAe] A 13 Fuwe] WA, iy
1990; 12(2): 131-146.

. Skyler JS. Complications of diabetes mellitus: rela-

tionship to metabolic dysfunction. Diabetes Care
1979; 2: 499-509.

. Foster DW, McGarry JD. The metabolic derange-

ments and treatment of diabetic ketoacidosis. N
Eng ] Med 1983; 309: 159-169.

. Kimmelstiel P, Osawa G, Beres J. Glomerular base-

ment membrane in diabetics. Am | Clin Pathol
1966; 45(1): 21-31.

Brown DM, Andres GA, Hostetter TH, et al. Kid-
ney complications. Diagbetes 1982; 31(Suppl. 1):
71-81.

Brown MR, Dyck PJ, Mcclearn GE, et al. Central
and peripheral nervous system complications. Dig-
betes 1982; 31(Suppl. 1): 65-70.

Engerman RD, Finkelstein D, Aguirre G, et al. O-
cular complications. Diabetes 1982; 31(Suppl. 1):
82-88.



13.

14.

15.

l6.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Lane PH, Steffes MW, Mauer SM. Renal histolo-
gic changes in diabetes mellitus. Semi Nephrol
1990; 10(3): 254-259.

Makino S, Tochino Y. The spontancously non-
obese diabetic mouse. Exp Anim(Tokyo) 1978; 27:
27-32.

Leiter EH, Prochazka M, Coleman DL. Animal
model of human disease. The non-obese diabetic
(NOD) mouse. Am ] Pathol 1987; 128(2): 380-
383.

Nakhooda AF, Like AA, Chappel CI, et al. The
spontancously diabetic Wistar rat(the "BB" rat).
Diabetologia 1977; 14: 199-207.

Gerristen GC. The chinese hamster as a model for
the study of diabetes mellitus. Diabetes 1982: 31:
(Suppl. 1): 14-23.

Coleman DL. Obese and diabetes: two mutant
genes causing diabetes-obesity in syndromes in
mice. Diabetologia 1978; 14: 141-148.

Nakamura M, Yamada K. Studies on"a diabetic
(KK) strain of the mouse. Diabetologia 1967; 3:
212-22].

Lang CM, Munger BL, Rarp F. The guinea pig
as an animal model of diabetes mellitus. Lab Ani
1977, 27(5): 789-805.

Meier H. Diabetes mellitus in animals. A review.
Diabetes 1960; 9: 485-489.

Hunghes H, Ware LL, Young FG. Diabetogenic
action of alloxan. Lancet 1944; 246: 148.

Like AA, Rossini AA. Streptozotocin-induced pan-
creatic insulitis: a new model of diabetes mellitus.
Science 1976; 193: 415-417.

Craighead JE. Viral diabetes mellitus in man and
experimental animals. Am | Med 1981; 70: 127-
134.

é sterby R, Lundbaek K, Olsen TS, et al. Kidney
lesions in rats with severe long term alloxan dia-
betes. Il. Glomerular ultrastructure. Lab Invest
1967; 17(6): 675-692.

Hiégg R. Renal lesions in rats with long-term al-
loxan diabetes. Acta Path Microbiol Scand Section
A 1974; 82:199-210.

Wehner H, Majorek B. Early glomerular changes
in streptozotocin diabetes in the guinea pig.
Virvhow Archiv A Path Anat Histol 1975; 368:

28,

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40,

41.

— 663 —

179:189.

Wehner H, Petri M. Glomerular alterations in ex-
perimental diabetes of the rat. Path Res Pract
1983; 176: 145-157.

Yong LCJ, Bleasel AF. Pathological changes in
streptozotocin induced diabetes mellitus in the
rat. Exp Pathol 1986; 30: 97-107.

Wehner H, Hohn D, Faix-Schade U, et al. Glom-
erular changes in mice with spontanccus heredi-
tary diabetes. Lab Invest 1972; 27(3): 331-339.
Nakhooda AF, Like AA, Chappel CI, et al. The
spontancous diabetic Wistar rat. Metabelic and
morphologic studies. Diabetes 1977; 26(2): 100-
112.

Brown DM, Steffes MW, Thibert P, et al. Glom-
erular manifestations of diabetes in the BB rat.
Metabolism 1983; 32(Suppl 1): 131-135.
Watanabe $. Histopathological and immunopatho-
logical studies on renal involvement in non-obese
diabetic(NOD) mice. JPN | Nephrol 1989; 31: 11-
19.

Marion MS, Carlson EC. Ultrastructural analyses
of acellular glomerular basement membranes and
mesangial matrix in a spontaneously diabetic
rhesus monkey. Acta Anat 1989; 135: 119-128.
Evan AP, Mong SA, Gattone VH, et al. The ef-
fect of streptozotocin and streptozotocin-induced
diabetes on the kidney. Renal physio Basel 1984a;
7:78-89.

Evan AP, Mong SA, Gattone VH, et al. The ef-
fect of alloxan, and alloxan-induced diabetes on
the kidney. Anat Rec 1984b; 208: 33-47.

Harada M, Makino S. Promotion of spontaneous
diabetes in non-diabetes-prone mice by cyclophos-
phamide. Diabetologia 1984; 27: 604-606.

Lopes VM. Cyclophosphamide nephrotoxicity in
man. The Lancet 1967, 13: 1060.

Philips FS, Sternberg SS, Cronin AP, et al. Cyclo-
phosphamide and urinary bladder toxicity. Cancer
Res 1961; 21: 1577-1589.

Lavin P, Koss LG. Effects of a single dose of ¢y
clophosphamide on various organs in the rat. Am
] Path 1971; 62(2): 169-180.

Osawa G, Kimmelstel P, Seiling V. Thickness of

glomerular basement membranes. Am | Clin Path



42.

43.

44.

1966; 45(1): 7-20.

Steffes MW, Mauer SM. Diabetic glomerulopathy
in man and experimental animal models. Int Rev
Exp Path 1984; 26: 147-175.

Doi T, Hattori M, Agodoa LYC, et al. Glom-
erular lesions in non obese diabetic mouse: Be-
fore and after the onset of hyperglycemia. Lab In-
vest 1990; 63(2): 204-212.

Funabiki K. Immunohistochemical analysis of ex-

45.

46.

tracellular components on the glomerular sclerosis
in patents with glomerulonephritis and diabetic
nephropathy. /PN ] Nephrol 1989; 31: 111-120.
Suzuki Y. Constituents of the extracellular ma-
trices in diabetic glomerulosclerosis. /PN |
Nephrol 1989; 31: 47-53.

Abrass CK, Cohen AH. Accelerated glomeru-
losclerosis in diabetic rats with immune complex
injury. Diabetes 1987; 36: 1246-1253.

— 664 —



