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W, BHEES V) vAYBES y bOA T YT A EBEBEREL, ST VEATF VLT
BESRIHEH| (angiotensin converting enzyme inhibitor, ACEI) @ 2 4 > ¥ v A b E#E 1 c RIZ TR %
RELL. B1OERTE, F1HOZy MRELEBEEL, 2, E3BOoTy bR/ =4y
ERERIRECIRE L. 81, 2Bz 0 3EMEBIC, S3BC 3 4 FRcEEE Mg s a Y
U > G (heat aggregated human immunoglobulin G, AH-IgG) » B #IRM IS5 L, RHKEARD
AH-IgG ORWEE, ERNRERME, ESENTREZFML:. S 1HCHBRLTE 2BTLAE
DEHR, MEREZEZRDL:. B3I TCREIALKRMAT, BERE, RREELERELREDE. I
BO AH-IgGC BERHERORE—KM TREHETCEEE 2T » ko7 . BEI6EEO LBRIEND
AH-IgG DEMIFE | HCRMETAERAKH oD LT, B2, IHTRERNHEL TV,
BLORBRTET Y /24 v RESERBOS vy b2 Hw, ABREZFI 7Y Ve, BRICEAR
AR EEHAC RS L. 20 LS AH-IgG 2 88RMCBS L, #3ENO AHIgG ©
EREE, OE, S CFORERE, BREOTRE2TMEL . SR ORERE, HEBENFEIE
2HETERER2R Dok, ABTRIFIZINVORSER, EBRMESETFTLE. MED
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BHEBERIC D > 720 L T B BCREBMERL TV, ChoDRE»s5 Y/ <4 v v 5
7y TR, RREECHREOHBEMAO R X 4 F 7 AR LBEIEEIANTWS Z L2858 »
£, AV F T LB OB RERETERE ORI EENICIER L Ty 5 TREMERIE &
Nz, 8T 7 /24y v 55 v b Tk ACEL 28 2 0 & 7 A (bR 5 23 L 1B 2 ATAEM AR
Iz

Key words glomerular mesangium, daunomycin, glomerulosclerosis, heat
aggregated human immunoglobulin G, angiotensin converting
enzyme inhibitor

BARBRBAY> F oy 2izid, Hx OEBER G % DHBHAFROKECEYOD, RRENOERZRE
BHBESNTOREY. ZOHTAY ¥ ¥ 7 A%k B VwEWSI AT, BEELREEES-TV L LE
B, REFEWHELEL SN RBEAEY R L zZ6h3.

Abbreviations: ACEI, angiotensin converting enzyme inhibitor; AH-IgG, heat
aggregated human immunoglobulin G ; AT-II, angiotensin II; BUN, blood urea nitrogen ;
IF, immunofluorescence ; S-D rat, Sprague-Dawley rat
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2w, Usl, ZOAYF7aiBE#cEL T,
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BRIV 2 ZEE S TR, ZITHRTEER, K
REFLENEF VERDBL LSBTV /LY
EES 9 M REL, TOHRERELL.

—HiEE, AV v FY ARV FLT V-
II (angiotensin-1I, AT-1I) % & O ME/F@EME I &
2 IR 2t RIS RE SR OV L TR S
nooHsYY. Lal, 7 OIE MR O £ B FR
EHRIIEL N TR VESS . FITRICEER, %
ﬂiﬁﬁﬁftﬁ?ﬁ@iﬁﬁtﬁiﬁL'Cb”?wﬁﬁl%@f‘? /=4
yv#5Z v b ERVT, PUEL TV CEHBER
fE$E %l (angiotensin converting enzyme inhibitor,
ACEI) DAY ET LBCEBBIRIEZTEECOV
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BB & UFE

I.#

HERENYIT 1, 1FE 100g O REtE Sprague-Dawley
%% v b (Sprague-Dawley rat, S-D rat) 2R V7.
EER ] TREMIET O 1B, Bo#, HINO3
SOBEEFBTEL. EBR2 CIIERSG Lo A B,
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o. x5 &

1. BESENEOHRN

1) Fv /v Ay rOR#

¥ )= 4 v (Sigma Chemical Company, St.
Louis, U. S. A) 4B AEART 4mg/ml WHABL
7z

2) =+ 7V NDOR

ACEl t LTZ+5 7Y ) (BEHE, ®BR) r4£H
kT 10mg/ml (CFEBL 7.

3) Bk bE o7 Y Y G OFR

Ry L OB I Y 2 LB AT RO

AH-lgG
ADMINISTRATION
{0.5mg/g BW 1.V)
GROUP 1 SWEEKS i i
N=10 L
S-D RATS
(100g)
DAUNOMYCIN LV.
(6mgs kg BW) RATS
3WEEKS 4 16,/ SACRIFICED
GROUP 2 1= e
N=10
S-D RATS
(100g)
?wmw%ﬂnm
6mg/ W
N 9/ 9 3 MONTHS 4 16
ROUP 3 )
N=10 L
S-D RATS HOURS AFTER
(100g) AH-1gG ADMINISTRATION

Fig.1. Schematic representation of the first experimental design. Male

Sprague-Dawley rats initially weighed 100g were used.

Rats in group 1

received no treatment, and rats in group 2 and 3 received daunomycin (mg/kg
BW) intravenously. After 3 weeks in groups 1 and 2, and after 3 months in
group 3, rats were placed in metabolic cages for 48 hours, then blood and
urinary samples were taken. Thereafter, AH-IgG (0.5mg/g BW) was injected

intravenously.

Rats were sacrificed

under light ether anesthesia by

exsanguination at 4 or 16 hours after administration of AH-IgG. At the time
of sacrifice, kidneys were taken for histologic and immunofluorescence study.
Blood obtained at the time of sacrifice was used for determination of serum

AH-IgG concentration.
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REVEPLLT, BELEC M RES0 7Y » G
(heat aggregated human immunoglobulin G,
AH-IgG) #Aw/z. AH-IgG i Michael & ™9 J ik
X UFM L 72. Bl human gamma globulins
fractionll (Miles Laboratory Inc., Kankakee, U.
S.A) 2V VBREEREKT 2 %ICFHEE, 63°CoX
P TISA B 7%, 104,000g, 905REREELL,
BohltiEs ) VEBEEAREAT 50mg/ml 1z FHE
L7z,

2. EEEHE

1) EB1

M1okdiiz, BRUK, BHAREBRTT, £1
Bix, S/ x4 v aRs5e T S EMAEL, £2
HBIUEIHR, Y/ vy v % kg hkBH1D
6mg Bk D 5%, &« 3B, 3»BHSAT
L7z, FAEHERKROWBE, R#r—yY2EY, 8
R, L7, zo®BEEERHEL, AH-IgG » gk
Eb7D0.5mg BERE DBEL, SR OE5 LT
D, B4 4 FMGS X 16 % I ABIIR & D%
m#, BHLEEE2MHmEL:.

DAUNOMYCIN |.V.
{6mg/ kg BW)

2) EE2
R2DX5iiz, BEMA, HREFHERTT, 5
IRAY YR kg BREDHID 6mg BERL DESL,
SBHFAT L. HEHRIRKORIER, RBr—v
PRV, R, RML:. 20®GELHEL, AR
IZid =73 7Y L%, Richer 52 IZ# L, kg EH
720 25mg %, B BRICIZFE O 4 B R RS
Bl zo®R5R, ®B5 1 BME, 4805, 128
M#&ogH4E, 5 v b BEMES RICK PS-100 (EHF
B¥t, RE) 2BOmMESHEEL:. TOBEENE
5 1%, AH-1gG % g AEH7: 0 0.4mg BEIR
LVREL, 012G B AR L b RM%,
BRUBEERMHL -,

3. WEHs

1) E{vFhots R
RAPEHBERALRY Y FLRBET, REsL7
FoviE, MEREABE, MPRRERM (blood
urea nitrogen, BUN), M7 v 7+ = {#lx 4+ — b
TFIZAF—2FAOTHEEL, 2v7F=r Y75
YAEEREEL.

AH-IgG

ADMINISTRATION
(0.4mg/g BW L.V.)

3WEEKS
GROUP A
N=6
ENALAPRIL 1 13
(25mg/KgBWiR) !
S-D RATS RATS
(100g) SACRIFICED
SALINE
()N
‘ 3 WEEKS
GROUP B
N=6 0 1 13

HOURS AFTER
ENALAPRIL OR SALINE
ADMINISTRATION

Fig.2. Schematic representation of the second experimental design. Male
Sprague-Dawley rats initially weighed 100g were used. After 3 weeks of

daunomycin injection (6mg/kg BW), rats were placed in metabolic cages for 48
hours, then blood and urinary samples were taken. Then, rats in group A
received enalapril (25mg/kg BW) and those in group B received saline
intraperitoneally. One hour thererafter, AH-1gG (0.5mg/ g BW)was injected
intravenously. Rats were sacrificed under light ether anesthesia by
exsanguination at 12 hours after administration of AH-IgG. At the time of
sacrifice, kidneys were taken for histologic and immunofluorescence study.
Blood obtained at the time of sacrifice was used for determination of serum
AH-IgG concentration.
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Fig.3. Semiquantitaive assessment of glomerular changes (glomerulosclerosis
index). Glomerular changes were scored using scale: 1, schowing normal
(upper left); 2, showing diffuse mesangial expansion (upper right); 3, showing
mesangial expansion plus glomerulosclerosis affecting less than 50% of the tuft
(lower left) ; 4, showing glomerulosclerosis affecting more than 50% of the tuft
(lower right). More than fifty glomeruli were examined and the average
glomerulosclerosis index was calculated. Periodic acid Schiff stain. X 400.

- L

Fig. 4. Semiquantitaive assessment of tubulo-int al changes.
stitial changes were scored as follow: 1, showing normal tubuli and normal
interstitium (upper left); 2, showing tubular casts formation (upper right); 3,
showing tubular dilatations (lower left); 4, showing marking interstitial
changes (lower right). Periodic acid Schiff stain. x100.
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2) My AH-IgG BEOHRIE

Mm% AH-1gG REEIZ, BRRFORMBEA £ v, +
FH & b 1gG Hitk (Cappel Laboratory Inc., West
Chester, U. S. A)) LA F o5 — Py ¥t
I IgG Fifk (Cappel Laboratory Inc.) % i\ 7-E%
TEHEEDOF Y F Y 4 v FETHEL .

4 . HEIRSE RO

Bl U7 BAM o Susa EEW CHEER,
NRZ27 4 BEL, 44 YL, hematoxylin-eos-
in, periodic acid Schiff ¢ 21T\, JE¥EBEMUE T ¢
BEL 7. RREDOBE/LEZ Jackson 500 FEkicHe
Clz. i, 3D LS, ELOIFIFIEE % L8Rk
PHOAETOL I ITEIREEICBEL L 7203 )kE T4
BRI, &4, 1A»545FTHEL, SEED50
AL EDRERED S AL, REREFEES L L

THHL . MEREE Bertani 5OF7 K ) 7oA
Y7y POBRERLCHET AHE R, B
b, H4DE51, B nwborl, MERKE
BEORMELEDCH2 b0 2, TWLRMETE
ERDL 0% 3, 2o MEOMIEEBEEED 2 b
DR 4 &L,

5. RN AH-1gG SR O IE

BN O AH-IgGC D £ EBE I3, fluorescein
isothiocyanate & %fi t + IgG Bk (Behrin-
gwerke, A. G., Marburg, West Germany) % f\>, 4
TR ERRIC L DT L7z, BDB, 5D L5,
ELOBEBEERT b O»s, ETOREOLDET
ZIEw, 24+, 1+, =, —:L7.

II. #EEHERESHF %

HEOEICI, WIEH 5 t WEH, Student @

ig. 5. Semiquantitaive

assessment of glomerular AH-IgG

accumulation.

Intensity of immunofluorescence was scored as follows: 2+, showing strongly
positive (upper left); 1+, showing positive (upper right): =+, showing faintly

positive (lower left) ;

—, showing negative (lower right). Xx400.
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MTEEZ+RW, EI3FH, FoH, BIHOET
Hotz (BT).

AH-IgG omEEE T, &§Fr b, BE4BRRO
LD b 16REBOEIERICETL Ty, &

Table 1. Body weight and chemical findings in groups 1, 2 and 3

Group 1 Group 2 Group 3
(N=10) (N=10) (N=10)
*

r " kK 1

[ | B |
Body weight (g) 30322 229+28 33943

f N.S. : * !

T 1 1
Serum total protein (g/dl) 6.51+0.80 6.14+0.53 4.86+1.61

— - K - :

r 1T ]
Urinary protein (mg/day) 38.7+19.5 174.5%+93.4 320.9£149.4

r N.S. : * !

r 1o |
Blood urea nitrogen (mg/dl) 20.8+3.51 19.9%5.86 28.7%£7.93

N.S

- N.S. N.S. !

T 1 ]
Serum creatinine (mg/dl) 0.38+£0.09 0.39+0.08 0.43%£0.11

m N.S. : *x !

T 10 1
Creatinine clearance 556-+192 553+131 315+186

(ml/day/100g BW)

Each value represents means+S.D. Differences in all variables are evaluated with Student’s

t test or Cochran-Cox test. *p<0.05 **p<0.01

*
I ns * |
E f H 1
O 2.51 .
O
7]
2.0 .
(X )
[ ]
1.5 ®
o000
L]
1.0 $3388 - 33328 -
1 2 3
GROUP
Fig. 6. Glomerulosclerosis index in groups 1, 2
and 3. Vertical bars represent means=®S.D.

*p<0.001 by Cochran-Cox test.

***p<0.001
*
‘ * * '
[ i 1
4 [ ] L ] [ ] [} L ]
L e o © o o
w3
o ® o o o o
3
n2
° [ ]
L] L] L] L] L]
1
o L] L] L L] L]
1 2 3
GROUP
Fig. 7. Tubulo-interstitial changes in groups 1,
2 and 3. *p<0.001 by Wilcoxon rank sum
test.
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MoR—MTO AH-IgG OBEIC R BEZZ a0 BORMEI X, SHECEEEERED B o).
shizhoiz (K8). LERFRIR O BOLAERE 1Y, B I BUCHBR L T, 2 8,

94z, BOLHAEREC L 55K ERD AH-Ig- BIWCTHERZHMO o7, B IBTI 4%, 168
G OEBBEEOFNMETR L. AH-IgG O 4 5 FEkLd, BRIV ACERERDZHEAR H o7

o = NS
DE : NS NS !
S A T
58 N ns
2 kg sk *
2 70 I (I
% 6.0
o0 [ ]
e 5.0 . . %
S 30
8 20 . " :
s 10 wE SE vE
) 0
o 4 16 4 16 4 16 VIME AFTER AH-IgG
5," I\DMINISTRATIONg
1 GR?(':) up 3 (Hours)

Fig.8. Serum concentrations of AH-IgG at 4 and 16 hours after administration
of AH-IgG in groups 1, 2 and 3. Vertical bars represent means+S. D. *p<
0.01, **p<0.001 by Student’s t or Cochran-Cox test.

*
! * NS !
| NS || |
' ns NS
| * I NS 1
1 1 FNLI
[T 2+
] [ X ] o9
&
1+
>— 00 doe [ AN N NI K ) L) o e
=
2 &
Ll L] °
[
2 _
o000
4 16 4 16 4 16 IME AFTER AH-IgG
ADMINSTRATION
1 2 3 (Hours)
GROuUP

Fig.9. Immunofluorescence microscopic studies on glomeruli staining for AH-IgG
at 4 or 16 hours after administration of AH-IgG in groups 1, 2 and 3. *»<0.01
by Wilcoxon rank sum test.
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B, BEZRE»-7.

I, kE?2

HE, SPHURERE T 2EMCERELZRD
Hivols. HEBFHERNTIE, ER1CBTE?2
BErRABRFRT, MEREEIROGNZHOD, B
& REREBEEERERRED o B LERETH Y,

‘F

RERETE LIS, MEREOHE L b 2HMTHEE
Er@Toahol (F2).

®10ic =+ 7 7V Mg LidEEARE KR SEOMm
EOEERL. A BETEEEICHEL TRE 15
B, 4RFEEE, LEHEZLVEBRETLTIVRD
EXL, BHTREELELRROSNE» o7,

Table 2. Body weight, chemical findings and histological findings in groups A and B

Group A Group B
(N=6) (N=6)
Body weight (g) 311+21 301+16
Serum total protein (g/dl) 6.851+0.35 6.711+0.24
Urinary protein (mg/day) 76.6+37.5 107.1+77.0
Blood urea nitrogen (mg/dl) 15.0%+1.35 16.9+2.17
Serum creatinine (mg/dl) 0.25+0.01 0.26+0.03
Creatinine clearance (ml/day/100g BW) 459120 484+36
Glomerulosclerosis index 1.03x0.02 1.05+0.04
Tubulo-interstitial change
score number number
1 1 0
2 0 1
3 4 2
4 1 3

Each value represents mean-+S.D. except for tubulo-interstitial change. Differences in all
variables except for creatinine clearance and tubulo-interstitial change are evaluated with
Student’s t test, in creatinine clearance from Cochran-Cox test and in tubulo-interstitial
change from Wilcoxon rank sum test.

— skkk |
— skkesk I
skekek
- ]
2 NS sk Kk
E1mJ L, Lo ek 2
w 1401 GROUP B
? ﬁ““‘}~4
@ 120
£ GROUP R
o 100- 4 I
8
3
& 1
@ 807 NS
1 |
NS
L y
NS
ol — — e tf—s
0 4 12 HOURS AFTER
ENALAPRIL OR SALINE
A B A B A B A B ADMINISTRATION
GROUP Hours)

Fig.10. Changes in blood pressure in groups A and B. Vertical bars represent
means+S5.D. **p<0.01, ***p<0.001 by paired t or Student’s t test.
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AH-IgG OmBEEEGR, 2BMCEEE 2T DR
otz (E11).

R P E SR & 5 R BkERNO AH-IgG
DEFBEOFME R LY. AH-IgG O 12850%
OHEEEE B BICHKRL T, A BTHEBRCE -
7.

& =
BRBREAY V¥ 0 LI BRE, RBREOXR, %

] NS

I

D | |

56X

2 7.0

& 60

5 5.0

E 4.0' o

w 3-0 Y °

% 2.0 *t . }

[ ]

O 10 s
)

2 A B

& GROUP

7]

e

ig.11. Serum concentrations of AH-IgG at 12
hours after administration of AH-IgG in group
A and B. Vertical bars represent means=+
S.D. Difference is inferred from Student’s t
test.

%k
1
L 24
w o o
(e}
%‘14‘ e o o
2 +
E e o o °
2
—ooo
A B
GROUP

Fig.12. Immunofluorescence microscopic studies
on glomeruli staining for AH-IgG at 12 hours
after administration of AH-IgG in group A
and B. *p<0.01 by Wilcoxon rank sum test.
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Impairment of Mesangial Clearing Function of Macromolecules in Daunomycin
Treated Rats and its Improvement by ACEI-— Tadashi Konoshita, Department of
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Abstract

To clarify the role in the progression of glomerulosclerosis and the modulation system
of the mesangial clearing function, the author studied the mesangial clearing kinetics of
macromolecules and the effects of angiotensin converting enzyme inhibitor (ACEI), on the
mesangial clearing function in daunomycin (DMN) treated rats. In the first experiment,
rats in group | received no treatment, and those in groups 2 and 3 received DMN
intravenously. After 3 weeks heat aggregated human immunoglobulin G (AH-IgG) was
injected intravenously in groups 1 and 2, and after 3 months in group 3. The AH-IgG
accumulation on glomeruli, the chemical and histological findings were investigated. As
opposed to group 1, massive proteinuria and renal interstitial changes were observed in
group 2. Moreover, azotemia and glomerulosclerosis were observed in group 3. No
significant difference of serum AH-IgG levels was observed among the 3 groups at any
period. Glomerular accumulation of AH-IgG disappeared at 16 hours after injection in
group 1, but remained in groups 2 and 3. In the second experiment, 3 weeks after the-
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DMN injection, rats in group A received enalapril, and those in group B received saline
intraperitoneally. One hour thereafter, AH-IgG was injected intravenously. The AH-IgG
accumulation on glomeruli, the blood pressure, the chemical and histological findings were
investigated, There were no significant differences in both the chemical and histological
findings between the 2 groups. In group A, the blood pressure fell significantly. No
significant difference of serum AH-IgG levels was observed between the 2 groups. The
glomerular accumulation of AH-IgG disappeared after 12 hours in group A, but remained
in group B. These results suggest that the mesangial clearing function of macromolecules
is impaired at an early stage, before glomerular sclerosis appears, in DMN treated rats.
Conversely, it is suggested that the mesangial dysfunction plays an important role in the
progression of DMN induced glomerulosclerosis. Moreover, ACEI may play some role in
improving the mesangial clearing function.




