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The Role of Complement in the Development of Accelerated
Masugi Nephritis in Rats
Takeshi FURUKAWA

Department of Internal Medicine, Shinshu University School of Medicine
(Director : Prof, Seiichi FURUTA)

To elucidate the role of complement in the development of nephritis, accelerated Masugi
nephritis was produced experimentally in rats and the anticomplementary agent, FUT-175, was
given to these rats to see if there is any inhibitory effect on the outcome of the nephritis.

Proteinuria, and kidney lesions such as glomerular cell proliferation, crescent formation,
glomerular depositions of fibrin, rat IgG and duck nephrotoxin were found to be gradually all-
eviated when the rats were given a dose of 25mg/kg of FUT-175, twice daily from day -1 to day
14 after nephrotoxin administration. With administration of FUT-175, the depressed serum level
of functional complement activity measured by CHg, was ameliorated, and the glomerular depo-
sition of C3 was reduced in this experimental nephritis. - When the rats were given a dose of
25mg/kg of FUT-175 once before nephrotoxin administration, the same results as described
above were found at day 2, with the exception of the crescent formation, the glomerular depo-
sition of rat IgG and the level of CHs, but the reduction in glomerular deposition of nephro-
toxin was observed only at day 14.

These results indicate that the inhibition of the complement activity by FUT-175 reduced
the severity of the glomerular injury in accelerated Masugi nephritis. The reduction in glome-
rular deposition of nephrotoxin, which was related to the mitigation of glomerular injury in
the early phase, did not alleviate the glomerular damage in the following phase without the
continuous inhibition of the complement activity. Shinshu Med. J., 86 . 217—280, 1988
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Experiment 1

&

o #EERE

A EREM: 6BROY 4 Ax—FRHET » + G
FLRIATIA IR AD ZOlBHE .

B NDS Q& : Shibata HOFEEINZH - T NDS
Ol B ot Tihd, ATVYVAAy Ya
CEB Y-y ST, WHELAET » VEORERD
SRTRMH B LYo AT DETERRAATE & e Bk RIR{E
BHE & L TH AR Freund’s complete adjuvant
(LVF FCA 215 (+ bm vKK) &L LicmEL,
2FOT7 ek hBibhi NDS k03D NDSI,
NDS2 &L, MTFoRBRfilic,

C TEIL IgG OER: 79 Fv 5mg (Cd free,
ICN Pharmaceuticals Inc.) & FCA ¢+ Lk 28
ML 4B LT e bR L o i % iE
AHEES6°C, 0 MRR L, WEREYE: (33% AT
=€ IgG 2REM LI,

D EBRIHECE1) : RUomMAIGIkEL TS
#=b, FUT-1753 B G- 08k &, 0 RIEFIH

NDS1
1
—10 0 14{day)
) T i)
DIgG+FCA 5% glucose x2/day ip (NDS only group, n=11)
FUT-175 6. 25mg/kg % 2/day ip (FUT 6.25 group, n=10)
FUT-175 12, 5mg/kg x2/day ip (FUT 12.5 group, n=11)
FUT-175 25. 0mg/kg % 2/day ip (FUT 25.0 group, n=10)
saline
!
-10 0 14{day)
t T i)
DIgG+FCA FUT-175 25.0mg/kg X2/day ip (FUT only group, n=10}

Experiment 2
A)

—10

NDS2

i)
0 2(day)

T
DIgG+FCA

B)
—-10

1 . ;
5% glucose ip (C group, n=5)
FUT-175 25.0mg/kg ip (E group, n=5

-NDS2

1
0 14(day)

T
DigG+FCA

T
5% glucose ip (C group, n=5)
FUT-175 25.0mg/kg ip (B group, n==5)

Fig. 1 Experiment protocol

DIgG : Duck IgG, FCA : Freund's complete adjuvant, NDS; Nephrotoxic duck serum
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108 %, NDS1 %Z#flRPIZ0. 6ml, JEIEMIZ0. 2ml $#
£, FUT-175 13 NDS 1 #:530501 % » NDS1
#5140 HOEH 6 WM EC, 1H 2 BEBRCE
L7, FUT-1750 1 EHESBIC L Y, T v F#6.25
mg/kgi¥5RE (n=10), 12.5mg/kg H# 5 (n=11),
25, 0mg/ kg &£ (n=10) (LU FRDBD FUT6.25
B, FUT12.58¢, FUT25. 08 &) o 3 BHTHT 12
FUT-175D23% 0125 % 7 F v iieirs Lkl (o=
11) (LVF NDS only #&Mg) &, NDS1onbb

AERYEEL, FUT-175 1% 1 [E% 5825, Omg/kg

BH5- LB (n=10) (BVFFUT only #EEME), R X
CIMBEOERZ » ¥ (EWHED 25EE L,

2 EEEE2 1 SRBCITRELE, 10AE
IFUT-175 25. 0mg/kg (n=10) (LI FTER &) X
5% 7 ¥ o (n=10) (LATFCHEND 2HEEAK
1EDHEBEL, Z0302#%ic NDS 2 #HRFIZ0. 3
ml, BP0, 2mlis Ui, NDS2 5% 2 Al &
4 Bk DB DEHEER L,

E REEHE  MBNRHr — o CoAbHERE L,
Kingsbury-Clark #60C X h REEEE 1T ko
F MikiesE : FUT-175 OFRKIE 558 5 HHET*
V72— AEBETERL, BERKIRE D mig i iR
WL, 8FE [T.P. (€9 vy b)), 7473V
[Alb (fafEiki#es:)], BUN (v v7 —« UV ),
V7 F=v [Cr (TAHY 7Y VERE)], mMEH
fefli [CHso (4 4 ¥ —#E)] R Lz,

G FUTAT5QMmARE : BER#EEEc L 5FUT-
175 OrhyEER, AFIO v 7 v R R IS E
Uil Bk X v 1% Lic, FUT-175 10mg/
kg #HEBARET S &, mAPREERISH T 870.7=
406, 6ng/ml, 304T 440.3 == 100.5ng/ml, 604%C
138,017, 4ng/ml, 12043 C17.3+2,9ng/ml, 2404
T6.3+4. 0ng/ml THhwic, LOHE FUT 25, 08
TRABED classical pathway DEE:{LE# 4 B,
alternative pathway OFEM{LEZH 1 HHHETZ
SHELMAPREIDIONE B,
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TerApmEsre7 ) voyrs IgG (Nordic) &-7h
ARG S ¥, FHEEYEEMEE Orthoplan (Leitz)
THEE LTz, BRPEOWMI LAHOBELY —~++
+ 4D 5 BRI AT CREM L Az, ‘
J  RIRMAEIEEE By I mmACHITIL, 2.5
BINE-AT AT e FEBEEE, 1%A4AI VA
MRCHEEER, Fpon8l2 AL, T4 F % 2
B A CEET R R ERLL, By 7 vy
o Bt s o oy, ERRE RS (A2
HS-8) CllzE L7, £k 1o NDS only #, FUT
25. 01, SEMN2 O AT BT AWK LE TS
P18 % I HEZE L,
K M@ EH : FUT-175 (6-amidino-2-naphthyl
4-guanidinobenzoate) 13 E&JEI G bikfkEF1F 1,
L #EEHEARsLIE « REEROBMEIL mean+SD T
#HR L, MEENEEER—TRIND D2 B,
p<0.05% b - THEZEE LI,

I #% 3
A EE1 :FUT-175 OMBHEII X 5 InEEE
B DRIE - MR E 2 IR
1 REEE (X2): NDS only BEINDS 1 {43
HXb, RESI LAY, 9H B EEH 500
mg/BwEL, 115 BD600mg/Hexiks it 148

219



i

e

800 7
. 600 -
3
g NDS only Fig. 2
< Twenty-four-hour urine
% a FUT 626 protein excretion in four
5 #4009 groups following adminis-
> é tration of NDS1 at day 0
s~ FUT 125 in experiment L.
5 NDS only group (n:11):
200 4 FUT 250 NDS only, FUT 6.25 group
(n:10): FUT6. 25, FUT12.5
group (n:11): FUT 12.5,
FUT 25.0 group (n:10):
FUT 25.0 *p<C0.05
0 = 1 7 . * -
* W _k* J-* J-» ,l,* _? i.* E3
0 2 4 6 8 10 12 14 . days
Table 1 Serum laboratory data in five groups of experiment 1 (at day 14)
T.P. (g/dl) Alb (g/d))  BUN (mg/dl)  Cr (mg/dl)
NDS only group (n=9) 3.5+ 0.8 1.3 0.3 47.44-27.3 0.47-0.12
FUT 6.25 group (n=9) 4,0% 0.5 1.5+ 0.2 34.6%12.1 0. 43+0.09
FUT 12.5 group (n=8) 4.2+ 0.8 |=* 1.6+ 0.2 * 31,9+15.6 |* 0.41740.08
FUT 25.0 group (n=8) 4,24 0.6 1.5+ 0.2 28.9-£10. 6 0.3540.09
FUT only group (n=10) 5.0 0.3 2.0+ 0.1 17.94 2.0 0. 3640. 05
1 p<0. 05
*
*
50 W N
401 l * Fig. 3 Effect of various doses of FUT-175 on
* functional complement activity measured
= * | ‘ l by CHpy in experiment 1 (at day 14).
55 %] _ NDS only group {(n: 11): NDS only, FUT
4 6.25 group (n:10): FUT 6.25, FUT 12.5
:E § 20 group (n: 11): FUT 12.5, FUT 25.0 group
oE& (n:10): FUT 25.0, Normal group{n:9):
104 NOR, FUT only group (n:10): FUT only
#*p<0. 05
I

NOR NDS FUT FUT FUT FUT
only 8.25 12.8 250 only

B % CI3F 500mg/ B &2 L. NDS only #&
T, FUT 6.258TiX 1 AR L1IA ARERE, F
FEnL bR, FUT 12.5TIR3HE, 4HE%
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FUT  FUT
125 250

100 -

(mean = SD)

o |

Numbers of nuclei / one glomeruius

*
L 7
*
* .

*

NDS  FUT FuT FUT FUT
only 6.25 125 250 only

Fig. 4 Effect of various doses of FUT-175 on
glomerular cell proliferation in experiment
1 (at day 14). The stippled area represents
the number of glomerular cell nuclei in
normal group (n : 10).
NDS only group {(n:11): NDS only, FUT
6.25 group (n:10): FUT 6.25, FUT 12.5
group (n: 11): FUT 12.5, FUT 25.0 group
(n:10): FUT 25.0, FUT only group (n : 10):
FUT only *p<0.05

Fig. 5

Effect of various doses of FUT-175
on glomerular fibrin deposition and
crescent formation. Grades are re-
presented semiquantitatively, in
experiment 1 (at day 14)

NDS only group (n : 11} : NDS only,
FUT 6.25 group(n : 10): FUT 6. 25,
FUT 12.5 group (n: 11): FUT 12.5,
FUT 25.0 group (n: 10): FUT 25.0
*p<0. 05
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Table 2 Immunofluorescence findings of the kidneys in four groups

of experiment 1 (at day 14).

NDS

FUT

only group Dulg RIigG Fib C3 6.25 group Dulg RIgG Fib C3
1 ++ +HE+ ++ + 11 +++ b 4 ++
2 +4+ bt +4 + 12 b ++t + +
3 +4 ot ++ + 13 F+ ot o+ +
4 bk ER T 4 + 14 4 b + +
5 ++ ++4 + 4 15 +++ ERTS ++ ++
6 ++ ot o i+ 16 e+ EXT TS ++ +
T 4 TS + + 17 bt RS +4 +4
8 4+ bt + + 18 E2 bt + +
9 LX) FRE ++ S 19 + 4 ok +
10 ot ER + + 20 +d bt + +

% group Dulg RIEG  Fid C3 % group Dulg  RigG  Fib C3
21 +++ b + + 32 ot e+ + +
22 XS +ht + + 33 + it + +
23 ot L + ++ 34 + EZs + +
24 Co o + + 35 + +++ + +
25 T4 4 + + 36 R b + +
26 +44+ T+ + + 37 ++ +i+ + +
27 ++4 E + + 38 ++ ++ e +
28 ++ +++ + + 39 + et + +
29 ++ 4+ + ++ 40 + 4+ + +
30 + ++ + + 41 * + + +
31 + + + +

Dulg : Duck immunoglobulin
RlgG: Rat IgG

Fib : Rat fibrinogen

C3: Rat C3

b bivfeho 7o (data not shown) 23, NDS only
PECITR OB D0, 92200, 85, 0.63H0.78LFEWTH Y,
FUT 6. 258 (0.5520.72, 0.40+0.64), FUT 12.5
¥ (0.37+0.64, 0.28--0.62), FUT 25, 0% (0.33=%
0.58, 0.0320.18) TixFhd FHMEEh T
7z (A5),

4 BRI XA ARIRRATR (322, B 6) : NDS
only BT, 7eAfEZ w7 Y v (BUF Dulg) &3
F .y b IgG (LVT RIgG) 2% ++~++++D
BTN ERGR S 2 — v Zh, o P74

7Y /=5 (BIF Fib) ide~+++, T FC3 (Bh
TC3) it +~rr YRR RS 2 — iz P Z R,

gk bt

222

FUT 6. 258 Clk NDS only FE&IEEEMEOA A
2 bk, FUT 12,58k NDS only i,
Dulg & C3INEIFAMTH - 722, RIgG & Fib ik
PRBETH T, FUT 256 0 Tix, Dulg, RIgG,
Fib, C3 MR DISD +~tt, +r~ttd, +~—ttt, + &,
NDS only FICIblizd s S@BECH - f,

5  FRIRAEBEATR : NDS only & FUT 25. 08
O 2 FHT oW TERII4E B OB E e L. NDS
only FET, BELALTXTCORRECRER X
T, BTEEO—%LIWkESoFEErkR
sanbhi (R7 DA), FUT 25 08Tk, LTI
EMMRL Y Dl ote (BT7TDB),
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Fig.

. 2, 1988

F » FINRBEE BT KT ko R E

6 Immunofluorescence staining of rat glomerulus in NDS only group
(A, B, C, D) and FUT 25.0 group (a, b, ¢, d) 14 days after NDS injec-
tion. A, a: Duck immunoglobulin, B,b: Rat IgG, C,c: Rat C3, D,d:
Rat fibrinogen. It is judged that A, B, C and D are +++, ++++, ++ and
++ respectively, while a, b, ¢ and d are ++, +++, + and + respectively.
(x150)
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Fig. 7 Electron micrographs of a capillary wall from NDS only group
(A) and one from FUT 25.0 group (B) in experimental 1 (at day 14).
(A) Electron dense deposits (arrows) are located under the epithelium
showing extensive loss of foot processes. (B) No subepithelial deposits
are seen. (X13,800)
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Table 3 Serum laboratory data in two groups of experiment 2 (at day 2 and at day 14)

day 2 T.P. {(g/dl) Alb (g/dl) BUN (mg/dl) r (mg/dl)  CHsoe (U/ml)
C group (n=5) 4,0+ 0. 4]* 1.8+ 0. 3]* 19.24 4.3 0.4840. 11 24,0+11.7
E group (n=5) 5.2+ 0.5 3.24 0.6 17,0+ 3.8 0. 46+0. 05 37.0% 7.8
*: p<0.05
day 14 P. (g/dl) Alh (g/dl) BUN (mg/dl) Cr (mg/dl)  CHsp (U/ml)
C group (n=5) 4.0+ 0.9 1.3%= 0.4 39.24 5.2 0.72+0. 08 23.6+ 6.9
E group (n=5) 4,24+ 1.0 1.6+ 0.4 37.6+ 5.7 0.7440. 09 22.34+ 7.3
C group and E group are as described in Fig. 1.
800
. 600 L E group
(1]
© G group
£
=
® g
° % 400
Qe
Z‘ é Fig. 8
g = Twenty-four-hour urine protein
g excretion in two groups following
200 administration of NDS 2 at day 0
in experiment 2.
C group(n:5), E group(n:5)
#13<0. 05
° 12 14 day
B %82 :FUT-175 © 1 @EEEC X 2 inEIE Nl oz,

HRBEORE « #ECh 2 53R

1 REARE (K8) :HER2 s\ T 4EMBE L
BT, NDS 0aa s Uiz CHuC b, NDS &
FUT #»#E1L%EWNC, 1EBL2HRACOLREE
BEOFELEELERD N, DHBI4H B CIRmiE
MlieEEEYRD ol

2 MEAE b - miERE 2Rk 200E
14H B o T.P., Alb, BUN, Cr {fiis it
CHyo OfE# 32 3 KR Uiz, NDS2#:5. 2 B B CIXT,
P, & Alb ERTIE, CHCHATERCET M
#MAZish, CHyp REBHTRLETOMEERSR
bhtz, L2L NDS2#E140 BTk T.P., Alb,
BUN, Cr, CHy 3\ PR L BRI EEELRD L
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3 REREEENR (o) EARBENS WELE R
Bt 2 A BRI 5 ARG E 7 4 70 v
gz Cit, EFCICENCERTHERIIMM S
MTvtOLmLMHEﬁm,%wWMMﬁ,74f
Y vk, LAGEHRE LHHECEREOZEIRD
i atc,

4 BWHRET X B RIREFTR (34) : Dulgix 2
HE, 4EA LI CHIENEMNCIERETH >,
Fib 12 A BCOACRICRERCRE CH -7,
RIgG & C3i%, 2HBELI4FR & LB TEITL
Bivighio iz

5 HEMEEETR: 2HBOCHEERFLD, LK
TUhEHERDIEh ok AH B TIRERL LA E
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Numbers of nuclei/ one glomerulus{mean:SD}

=3
[=3

(=]

w

Grade of fibrin deposition (mean:SD)

e

Grade of crescent formation (mean:SD)

Day 2

Day 14

Day 2

Day 14 Day 2 Day 14

Fig. 9 Effect of FUT-175 on numbers of glomerular cell nuclei, fibrin deposition
and crescent formation, graded semiquantitatively in experiment 2 at day 2 and
at day 14. Open column for C group (n : 5) and dotted column for E group (n : 5).

*
p<0. 05

Table 4 Immunofluorescence findings of the kidneys in two groups
of experiment 2 (at day 2 and at day 14)

day 2
C group Dulg RIgG Fib C3 E group Dulg RIgG Fib C3
1 b bk 4 ++ 6 4 EEE R + o
2 e+ 4+ + 4 7 ++ bt ++ ++
3 T+ A b ++ + 8 ++ +H+t + +4
4 +++ ot e+ 4 o 9 b ookt + ++
5 LS XY ++ -+ 10 4 Fbb + +
day 14
C group Dulg RIgG Fib C3 E group Dulg RIgG Fib C3
11 s . + o 16 + ot + -+
12 bt +tt ++ L) 17 +o bt ok ++
13 b T e -+ 18 +++ ++E+ ++ o
14 LS bk ++ ++ 19 ++ T L2 ++
15 +++ bt +4 + 20 o b + 4
Dulg : Duck immunoglobulin

RIgG : Rat IgG
Fib : Rat fibrinogen
C3: Rat C3

BT BB TS WA LT (data not shown),

COARBIETIE, BEEASE—EERC T LD
HDEEL T EBHLRTWAHT » PET &
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AU & % I BB 419 T, WA AL R
T HERAL HEEHEILER FUT-175 EFH L, B0
FAEE BT B Wik O BE R Liz. £ORKE,
FUT-175 M ASF X b, REAMMOMHE, i
HERMEMOETMHAED bh, AR 5
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Wtk 7 4 7Y VIR - R RGN E OFE OB
b, 7y b IgG OAIRGIFIE, B LOBELET
R THEGOWS I EARD b, BEEREH
DRRFREENRFEINS 2 AP LME ot &
LI B REENI FUT-175 % 25mg/kg 1 Blfs
FThz kX, BHRBEDINCE & 25 RERFEEE
~® NDS ORI EELOMER & - Tl s
B EREBEMTI o,
BYBAEHORE L ERCHENEEY S 2D
ME I A BTk, BB 1 EHEC
RET HERSREEe, 7 » VBe Y i
I MEBEBBACENT, 2 VI BETFYH VR
BRI & o Th, BARBREFEERBR LA &S
Bl in £ B, BT REREREE ISR AR T
5 EDWENZBIRBIN0, LnLicst b, FiEMm
T 1 EEC R T 5 B2 B4 i o FRERGN,
4 ~11H & AT 23k v ioabeD, kL
RN H© & o = T I R T
WM E R Tnie b L L OIRiENR S 512, %
TR BB, i, P Fevom
Bl X aimEileF ot HI ), COEFAT
BRI O RRGEE IR 22 X 01D, &g
THORBRBEELTHRWRENRD D, ElfEodk
WOMELAE LT, =7 3HETE X HAIREET,
77 4T bFRTVRES  BETEThAS DD,
F BB L R MeoNBEL T 5 & BI I
BT AHEELMBRTE HND, Zojed, BmsiR
BOMBEIITHHEINAZ EEEZDRD, T2 THE
WRCHEAORERMOMEEL L, 1o
—HOFEISRE CHHABE TR bitvwX 54>
v FE7 e ME T XA INEBELERY 28
OREEREDEF AL LTERA Lic, $-4EHER
L7 FUT-175 1%, kO HEw X 5 B4R &k
Rig v, WitkoiEkIRE oTE < RO RRR
KEEL, 77749 bR VOREE - HHESZS
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