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Almost all advanced glomerular diseases have glomerular sclerotic changes o varying degrees whatever causes their primary
glomerular disease are. Pathogenesis of these sclerosis has been thought of as the hyperfiltration in the primary glomeruloscle-
rosis due to development of glomerular hypertension in each insulted glomeruli. This background gave the theoretical bases
for antihypertensive therapies for supporting chronic renal insufficient patients. Angiotensin converting enzyme (ACE) inhibitor,
one of the antihypertensive drugs, has received attention recently for its effectiveness. The aims of this study determined the
ettects and mechanism of the ACE inhibitor, enalapril, on the glomenilosclerosis in FGS/NgaKist mice, which was an animal
model of chronic renal failure by generating spontaneously heavy proteinuria and progressive glomerulosclerosis. Five-week-old
FGS/NgaKist mice (n=38) were assigned to four groups. Group la (n=6) and group 2a (n=8) fed with a vehicle, wete sacrificed
at the end of 10 weeks and 15 weeks, respectively. Group 1b (n=12) and 2b (n=12) received enalapril (100 mg/L) in drinking
water for 5 weeks and 10 weeks from 6th week of age respectively, and were sacrified on the same day as the control groups.
Doses of enanapril were maintained to 2 mgfkg/day by measuring the amount of water consumption. In enalapril groups 1b
and 2b, systemic blood pressure (74.7 1+ 14.0 mm Hg, 74.3 % 15.9 mmHg) were significantly lower than control group 2a (116.1
T4.6 mmHg, P<0.001). Similarly, degree of proteinuria lowered in enalapril group 2b versus control group 2a (0% and 50.0%,
P<0.001). Glomerulosclerosis percentage significantly decreased (P<0.001) (group Ib and 2b; 19£6.5, 5.6 7.0 vs control
la and 2a; 3281535, 3141 13.8). Glomerulosclerosis score also decreased (P<0.001) (group 1b and 2b; 002 +0.08 vs
control la and 2a; 0.48 £0.12, 0.30£0.14). The immunofluorescent staining of enalapril groups showed negative for mesangial
deposition of 1gG, IgA, IgM, and C3 which were positive in control groups, Immunchistochemical staining with TGF- 3 1
was negative in enalaptil groups and sclerotic glomeruli both enalapril groups and control groups. These results support that
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the ACE inhibitor has a renoprotective effect on glomerulosclerosis not only by decreasing the blood pressure but also by
suppressing the immune deposits on glomeruli. (Korean J Pathol 1998; 32: 1058 — 1065)
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Holslod ddfy ez A B eg A
Zrale] HaHel AFATEE PR o] FEe| A
el & 4 e =44 S84 A Hi3F (focal
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ZAEA BRhE AT stefate] geE i
AA whie] ghaeh AR e A
o qhy ARAFY NaAe4 Zaba gt
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3. Bhah e

1) Wa|==s HM: =3 Y872 etherZ vl
skar Alzkg #HEsled 2.5% E2whgl-Histochoice (Am-
resco, USA)E-Yeof] mA A 714 L4k e uhe 2 s)e}
Hol| Follabar 2 ym ol 2 uhA 5 pAS WS- 4] sy
of FHEsgich 2t o] Az oA # A 1007
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IgHeE vl vEeR 0 Al gle AT
A, 1+ Z37 A A e] 12 ok, 2+ = 7}
b AR WA 2] 12 o] e g R 2 B 3 o4
FHlEel] gk FH2HE (sclerosis score) S AlAbstglc),

Sclerosis Score (A& )={(1+8HE& Ho|y= A4
Ty A1+ 2+ S Ho) = A5« 2lE B3 A4t
A

2) O EABE0|IY AN Ad=2L 75% Aa}ela)
g a] A4S ol Gsto] —T0°CE WE A
A ==L 4 pm TR 9bE s e] op Ao SEI)
aAE Foshar el AH 4ol Fluorescein iso-
thiocyanate conjugated goat anti-mouse IgA, C3 (ICN
Pharmaceuticals, Kennebunk, ME. USA), 1gG, IgM (Jac-
kson ImmunoResearch, Pennsylvenia. USA)e 5 o alsl o
glycerine. 2 #-9Jalgic}.

3) TGF-g19| HAX IS M. shelzlel] Fofs
=249 Probe-on-Plus  (FisherBiotech®, Pittsburgh,
USA) frelsete]Zoll 4 pm Frl2 ubAsle] 2ol &
EAlgE flelE o] B4 Microprobe system (Fisher Scien-
tific, Chicago. USA)2 2 gi44st9ich. Xylene®} Histo-
clearg 1: 322 42 S0 FH2A 2 80°Ce 9& 7}&
EoabAe 43) ul2elo] guileh o ¥ 95% I
100% el dapalglclh WAlA peroxidased 2 a5}
7] §18 endoblockersl] HF-5-A]71 & == 3bgle| & w3
®| A pepsindel o2 A A G S Ix immuno/DNA
bufferi A4 sbgich Qabala] 24 rabbit anti-TGF- 2 |
polyclonal antibody (cat# sc-146, Santa Cruz Biotechnology,
California, USA)S &b 2]4<Y (Dako, Carpinteria, CA.
USAjoll 1150 uffgoll4] 1:12] wi-g2 &]4ste] A4
Ho g odqaled 1208 #HufEE HAG s 5
chabsieh 10202 & 4ual-&2] F5 (5 pgiml)2 4'C2
o2 sHEubEek WA Zeh Biotin A% o A8
£ b % ALY Fzold 147 HEAIT sirep-
tavidin HRP conjugate (Zymed, San Francisco, California,
USA)2 3E4slm AEC chromogen solution (3-amino-

9-cthyl-carbazole in N, N-dimethyl formamide) 2 2wl
#9131 Harris hematoxylin@ & ©F 20227F of] 2o ala)ed
glycerol & -3¢ s}e] IHaaialc)

4) HAEH0IY A A4z 1 mm'e 272 4
Asted 2.5% glutaraldehyde-294 (0.1 M phosphate buffer,
PH 74)2.8 0" —4°Col|4] 24)7F A4, 0.1 M PBSE
A= 3 1% 0sO8fo] 247 g & A A3l 3
& A3gdow Al Adolehge Bsild
Propylene oxide 2 2|33t & cponEE-E5 2 Eofs)¢d el
FofE =25 1 gm THE 2FE A woluidine bluesd 4
& o) HAEINE ARY e Aubgsiel gridol]
2331, uranyl acetate®} lead citrate . o] % #HAjel g A
Alsted Hitachi H-600 Fabdzldlv) oz fateigic

4. EHH g

AHAES AR AL WL AFHGE T
Aeom, =ATH M| SAS (Statstical Analysis Soft-
ware)2| program-3- o] §-5F Wilcoxon's rank sum testS o]
Sstgla pakel 005 o8t ZH9E FAHoz 97}
e ez FAuiedd

E ot
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chellde = ozt A9 i) of ol 4 A% 4
F Ao e}y Alzbslga dz2Felde A oA
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Aol Algk okl s W AEFa) dzFe g
AAZZ] Ae] chiae] HEF B ladtd} bl 4
+ Gy o] Fge] 3+ o|4e] ZHZ} 333%, 16.6%0|

Table 1. Changes of proteinuria after ACE inhibitor adminis-
tration on FGS/NgaKist mice

Degree of profeinuria

Group 0 1 +2 +3
Nommal controls (N=14)
la (n=6) 0 2(33.3) 2(233.3) 2(33.3)
1y W, untreated
2a (n=8) 0 3(37.5) 1(12.5)  4(50.0)

15 W, untreated
Experimental groups (N=24)
Ib (n=12) 0 2(16.7) Bi66.T)  2(16.6)
5 W, untreated + ACEi 5 W
b (n=12) 22500 966.7) 183 0
5 W, untreated + ACEi 10 W

* Number of animal (%)
" 2b is significantly lower than 2a (p<0.001)
ACEi: Angiotensin Converting Enzyme inhibitor
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Tahle 2. Changes of blood pressure and glomeruloscleresis percentage and sclerosis score according to ACED admimistmation on
FGSMpakist mice

Blood pressure (mimHza) Cilomerulosclerosis

Cironp
syslolic diastolic G SO0
MNommal contcol (MN=14)
la (n=0) - - 328155 .48 1012
10 W, untreared
2 (n=&) I16,1 L4.6 a1 3144138 30+0.14
15 W, untreated
Experimental groups (N=24}
ih {n=12) 4T 140 544+ 78 19=63" 0.02+0.08"
5 W, mmircated + ACEL 3 W _
b in=12) 7431590 F10+98 36T (h0B 08"

3 W, untreated + ACEL 10 w

yal11aq are the mesm=SD of 4 different animals. " 2b 15 significantly lower than 2a (p< 00010
"1 is significantly lower than la (p</0.001% % 2h is significantly lower than 2a (p=0.001)

A -1 3 L i = :I. FomL ' .-'.:':.-té'i 1 1 Y T A g " B R R, L E T
Fig. 1. The Kidney ol FGS{NgaKist mouse shows nearly normal glomeruing (1A, PAS, x400), segmental cellular proliferation with
mesangial expansion (1B, PAS, = 400), hyalinosis of capillary loops and the mesangial selerosis (10, PAS, = 4007, and global sclerosis

(1D, PAS, =40
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SAtH e de g wEd wdelds Ad FHA AP AT Relx ArAY 2dE vy
500%, 0% FARheom felabA ghdlga) 7hd-a) o}, FEfo] Stk 2aTell A ol 2] Aol A
St (p0000(Table 1) gt Zhat 2 2=yt 2astd] A ate] FwEglal oA gl sl ar o
08 5371 2 ols/] kel WA Al BA 719] PASO] o] @A Ak S0) AFE ¢ A4
Hog o2y gelch (p<000l). v]E gETE las] FA S Awe] f35} Ffs G2 4447
wWep =4 Al el At A8E 1bFE e 2h rad e g AREd (Fip 1) d230 lasdd] 2asld]
el fredbubal slghe] el glwlel (Table 7). A ZAS7E i At itde] 328 L155%, 314
+138%31d ®lal AT I} 2bpelss 194k
6.5%, 3.670% % f4e] fiuld SAEA o2 2
2 F el Ader et Atal«laiel  27F dxivh @000, =ik A HEE vlad) B e

-E._'|1.
A
iy

Fig. 2, In control group, immuonofluorescence sain for O3 shows dense deposits, mainly in the mesangium (2A. < 400). Very few
deposit in the mesangium and tocally granular deposit along tubular basement membruoes m enalapnl group are seen (28, = 400)
Datted circle indicates the Howman's capsnle.
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Fig. 3 lmmonohistochemical stin for TOF-2 1 shows linear positivily along glomerclar capillary loops in contral gronp (347 and

ne positive stain on glomerular capillary loops and weakly positive of some tubular epithehal cells i enalapnl group (38)
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i 2agtoll A 0484012, 0.30+0.140] 5 1bat3} 2bt
ol4] 0024008, 0.08+008% A4 Folla 2]a]gls] 7
£2hgle} (p<0.001) (Table 2). &l v] B o170 43
23 2aio] laitol] Hla] 2217 787} Qi ATA )
g3} 78 o] 743 FGS/NeaKist 87 & 2

o] Zr 845 23t AHAE EAS Vel Tl
ol el el A ol dt A3 2079 sulelF dnjels
A7) 2 FGSNgaKist 8171 2 wHgo] 2|7 obe 7o 437}
abgl o] 3uleli= etalnlZiA ZaelA Asahgich

3. HELH0IEE 4

tz2elld Z3E HolA| ok= A} HiE 2
o] Agtal S} 3ol ul4bA]goll 1gG, IgA, 4l IgMo]
FEn g Aol o2 el vl 1gGe} IeME E
TR, IgAs oFshA] e AR Fell A R 9l C3:
1 B | P B | Bl v By S el e | R o ]
A Aglel A= el el S e Al ] A
atofle R332 okAuld-g By (Fg 2).

4. TGF-319| HYEHSEH A

TGF- 8 1¢)] of3h vl == ahebd o e 27 11e]
s} AgF 2ellell 2] Aeateh 2T ladd} 2072
el solloll 4] A ) Aoz Holt Aael 244
AT 2] S s kS RgiT o 4kA] Sl
= S Aolglc). AT 1bFs} 2biF2] 240f]F 200 of) 4
W5 Ee] Aol uhAT AAE AT A2 4]
HEol] BEA o ojale] Bg AT 2AHI
} ol 4hA] -8 SAeldch (Fig. 3). =T9 Loz 3
ol|s} A# 2] LA dollis =H AL 2] w7l 7l
oajs)o] ghEofl4 Agsglct. 2] =T 4y
Foll 4 S8 A3} Qe AFA A AFA Aot
9= AAlel vlel zaiA daEele) 7osig et

L]
[R5

Fig. 4. Ultrastructurally, glomerulus of enalapril group shows
absence of electron-dense deposit in the mesangium (> 6,000).

T AAel e SA4NEE B3k k42 443
F vhebl =T 8eflell M A AT ] FEH R ¢4
o] R2A A= FRAT dHToNA el HA &
kil tl=Foll A £g3] o] F 7o ul5 A oo
Al L% A3 N YA s kAR TGF-412]
=i Azt A e w sicketa] stk

5. MAE0IEH 42

Hzrell A 2] sk S5 AT ZAERE] 7
Aute] $13 4l SEHEa Agke| "itis|He] £
of Al Feto]|y Yol Aot E Hol
= RYE 7 oA gen Halnds SA43 29
A2l AEre] wigheh AT A3d Foelld A
HEAEB-Fe 7)Aute] 95, S5 WAkt ¢
A2 gol] AL E A2 A S g (Fig 4).
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A2 A FHEYSE Heln A&Hel oy
9} g 7)ol AR HZ o7 Alubsli FGS/NgaKist 3
FHell ACE = AlAlE Foalsich dl=z ulasle] 5
W 57 = ACE o A|Al Foi7|7hel] wheba] A2 2
stze] Fede] AdE=rhE Yolianal di=gta A
H8 Zh2b 1054, 155750 Ha 223 Ha oo
ik}, TGE- 4 1o of 3 vl =2 g8l d L5 Al2ls)
A=

O AHE S g2t b aste] Adtell
vhulise] Zhasl 357] 2 o 2hy] Wste Fas HY
L oEEe| o g A AiSe HEs #a
shelar Miate] $]&a FubEl ghde] Hgshe] wiy
< o8] Ao Deoju}a] ghatel. o2t B2 g
H 4l YefegE S AL ACE oA A7F At
FAE fBeghs A mhejriele "oy
dolg 2t e sfx]o]Alch w5t 10559 1b
Thch 1552891 2bgtell ] A H o] T T El -2 ACE
ol Al A7} Fedo] ZaEaE, F oojo] G, At
o g F4o] dAG FFo 2 Jehdz] A gl
B f¥tHeom #ggr Ao of A Aok gk et
A t)zFoll 4 olliba]Gell 1gG, IgA, IgM 9 C3
o A%k A2RE IR o gled v A=
IgA Hzhe] Mg gt 1gG, pM #H2e] F554
s ook 2 el A48 FGS/NgaKist 313]+
Tijo] Sl EaE chujine] Frhel Alabelld 2AA
At AgEe] Assh JAa A gk A8A
Zo 78 Ayt o|3] AHLE u]Fo] Hel o] F&E
Fule] Ezle] Euba FSGSE ol E A vl flole] o
#El o] 2}Al FSGSe1Z) = #Hd 2 = hAnk $-4 ek
o7 eg BEvls] A Ata A3ge] £de] o
ehf o wiof gk Aella] C37} AEl el A oAk gell
SAuhSE HYhs A izl "2 Edle
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A2E 537 AAEe)H A dhedlA vl4ka) el
A5 Azlad s FA5 $)HHew Yx]sla ACE o
HAE Folgt TellAs w2 el AAnYE B3
2] Aol WadEA glodchs A FOE v|Feo] Ho}
of Fale] AtAdge] HelttHon: £AA AT
A A3EE Heln 2 Wy HezE A4 Y
7Fedel sobar Azt

ACE < #|#]2] 2tE7|He g Yoy FHulgde
meeba 7 o] glekam g RekolaE T2 TgA
255 el A ACE o A AE Feolsle] shline 74
o} g ARHe] Fge] A E Basly. £ o
Tl = ACE A¥ el =zl dlsl &e)stse
Eouledsgha e iz gell HAAdse] has)
Gl cheln o] b4, dgle] T4, HedE|og
AA Ee A FoE ARHF A B
st ACE 2| #|all2] w3 7]He]| 2pgagl ag]z)
Azebgich

HARo| A oA dlzFe] s Ao A=
ol 4] Fol] HALRlE FA 2 M2 oo Alqta]]#q}
2 95 1 S50 sl eke] "akzkslAe 3 &
F5GSel 4 Mol HaE Helsd 43T $4
ez E HAE Kol A #r1 o
2o vl §lxs] fFastels 2RA AZE Hole
Aol a] A7) §15 19 222 fEEg)
Agk o] 2 gol] Halngls 49 HEe 43
gtk eldlE wHeE AR Al HiTellA lgas)
C3 322 s gag A= aHegle)h

TGF- g+ e 1 o] 52| 2v|diz AlEs] A A3
= F3ste 9z shiz g A Es =24
WulE = bk 2500090 of Faf| whelAe|w, Abgle
A= TGF-£1, 2, 3] H|7}2] ef#ie] ob2] 4] glch TGE-
B AEETF wiek=71o] upe} chakal AlejgAdS
s gl o] Fel dalAEe das 34
Azkaldolm A 3 FEEE et TGF-83= T
HEF2} B gl =+2] 2h4 o4, ol Ee] spehA,
cytoking “§41e] w2l B flEZte] vielg g iale] 44
= Jalste 5o wgz2dedx Fejdictn Hamsm
ek 7h o] A ihel Aqtal] A ibS) Heols ME
2] 7142 7 FHE =3 A 55 Y A5
g al #idelw] afjol] gl 7] A5 HedFE
A, A, e HYgAY 5 glow] Wle| s
W AT wlelle ARAZ o2 gheb PP ofzat
Mgt 3 A TGF-4+v 293, fibronectin, thrombo-
spondin, tenascin, osteopontin, osteonectin “L&] 3L proteo-
glycan 52| AlEe] 3o F4459 A BEE
S7HA e 53] wfld diAabd o 2dl gl
o] #ArbAE H3 A7)0 mRNAS] bl AlE- A 447
cha el A ok ™ Aqtal 7 dell A 2] TGF- 4 2]
& of2] d7atel 28 d2jA gl KanetoE 2 4l
949 AeBAT|AENA Yamamoto 5 e A4 k3

I} 7+ zelxn 7HEd] Aadr vkl S 4 EEof A
TGF- 35t A3} mRNAS] Z718 wdsigd e 572
FGS/NgaKist §15]of| 4] A]23F TGF- 522] nle =2 58
2 el T4 (in site hybridization)ef| 4] A}-
M7 ko] g el A At el A TGF- 522] 42
Hx7t 718l Al TGF- 322 &4 el Tl MES
oAb G- Eep . Boase] ok

TGF- 81 dallE A-83k B Ade] djzges A7
A RO e ekdo]a oaba]Fell SAelqlar,
HAF HFA AP Fe] U AFAdA = SN
& B3ch 437 bt} ZhatellH & At 248
Sl of] 7] Frell Aol Ml Uy
okAdeolglch xeld ¥4 A3t gle AAle di=
T3t AT Sohelld] F49 o A7} gk o=
259 A¥dly Mgl o] AE Ataell4
TGF- 522 W 27} FrlE vk HEME Ui
sharch Aglae] Aasl gle ATl 4 TGF- 4§10
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