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Glomerular Sclerosis and Macrophages
—Analysis of Experimental Nephritis in the Rat—

Masatoshi YAMAMOTO
Department of Pathology, Shinshu University School of Medicine
(Director : Prof. Hidekazu SHIGEMATSU)

This study was designed to investigate the role of macrophages (Mgs) accumulating in injured glomeruli.
Anti-thymocyte serum (ATS) nephritis was induced in rats by an intravenous injection of ATS on Day 0.
After three days methylcellulose (MC) was given intraperitoneally to induce the intraglomerular accumula-
tion of M¢s. Urinary protein excretion and glomerular histology were examined in this group (ATS+MC) and
compared with ATS or MC alone treated groups until Day 35.

The MC group showed an increasing accumulation of Mgs in the mesangial areas by Day 6 without
proteinuria. In the ATS group, the peak of proteinuria was noted on Day 2 and ballooning of the glomerular
capillary loop and mesangial proliferation with extracellular matrix (ECM) production occurred through
Days 4 to 8, but thereafter the amount of ECM gradually reduced until Day 35. Additional treatment with MC
(ATS+MC group) produced biphasic proteinuria with peaks at Days 2 and 7. Glomerular histopathology in
the ATS+MC group revealed the most pronounced mesangial accumulation of Més, with a high incidence of
rupture of glomerular basement membranes, extracapillary exudation, and synechia leading to sclerotic
changes. ‘

These results suggest that glomerular Mes play important and significant roles in injuries consisting of
initial matrix-lysis and subsequent glomerular sclerosis. Shinshu Med J 45 : 177—191, 1997

(Received for publication January 24, 1997)
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Fig. 1 Experimental design
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Changes in urinary protein excretion. In the ATS(antithymocyte serum) -

MC(methylcellulose) group, the amount of urinary protein was significantly

elevated in comparison with the ATS group, from Days 5
was administered peritoneally 3 days after ATS

to 12. MC solution
injetion.

Each point represents the mean+ S, E. for 6 rats.
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Fig. 3 Light micrographs of glomeruli in MC-treated rats at Days 5(a), 13(h) and 35(¢)
of the experiment. PAM x 350
a : Mild hypelcelluldnty by infiltration of mononuclear or foamy vacuoldtccl cells
seen 2 days after the administration of MC.
b I Many foamy cells are observed in the mesangial areas 10 days after the administra-
tion of MC.
¢ 1A few foamy cells are still present in some mesangial areas 32 days after the
administration of MC.
Fig. 4 Light micrographs of glomeruli in ATS-treated rat at Days 5(a), 8(h) and 35(¢c)

of the experiment. PAM x 350

a : Ballooning of capillary loop and segmental mesangial proliferation with scanty

extracellular matrix are seen.

b More intense mesangial proliferation with loosened matrix is noted.

¢ : Mild increase of the mesangial matrix only.
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Table 1

£

Effect of methylcellulose(MC) treatment on plasma biochemical values in rats after

induction of anti-thymocyte serum(ATS)nephritis

Days after Group No. of  Urea nitrogen Creatinine Total cholesterol  Total protein
induction animals (mg/dD (mg/dl) (mg/dl) (g/dD
Control 4 18.2+1.6 0.450.08 62+ 3 4.9240.63
6 8 MC 8 19.8:+4.2 0.421+0.04 7011 5.03+0.34
' ATS 8 18.24+3.4 (.4040.05 32+28 4.89-+0.29
ATS+MC 8 22.4£7.49 0.42£0.07 99+ 16% 4.67+0.40
Control 3 19.2+£2.0 (.48+0.07 60+ 6 5.1440.39
13 MC 4 17.4%£2.6 0.41%£0.05 75+14 5.084:0.43
ATS 5 18.2+2.5 0.45+0.08 63+ 6 5.2140.59
ATS+MC 5 20.7£1.29 0.45+0.04 75+ 4™ 5.2240.35
Control 6 20.4+2.2 0.51£0.07 80£10 5.65+0.17
" MC 6 18.7+1.7 0.51%0.05 59+ 6% 5.4140.31
ATS 6 20.44+1.7 0.50+0.09 68+15 5.5940.21
ATS+MC 6 22.1+2.8 0.50--0.03 80£12 5.5240.34

Each value is expressed as mean =+ S.D.
Y Significant difference from the control (p<0.05).

" Significant difference between ATS and ATS+MC groups (p<0.05).
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Fig. 5 Light micrographs of glomeruli in ATS+MC-treated rats at Days 5 (a), 8(b) and

a > Accumulation of large numbers of mononuclear or foamy cells is seen in the large

b :

C

d

No. 3, 1997
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35(c, d) of the experiment. PAM x350(a, b), x330(c, d)

ballooning lesion and expanded mesangial areas. Exudated fibrinous substance is also
noted in the Bowman’s space.

Intraglomerular accumulation of large mononuclear cells is observed. Crescent forma-
tion with extracapillary exudation of foamy cells and adhesion of the glomerular tuft
to the Bowman’s capsule are also seen.

- Increased extracellular matrix around foamy cells and adhesions to the Bowman’s

capsule are noted.

: Marked increase of mesangial matrix with reticular appearance is prominent. Double

contour(arrows) is found in some capillary loops.
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B Control [] Methylcellulose ATS ATS+Methylcellulose
Fig. 6 Incidence of glomerular adhesive lesions at Days 13 and 35 after injection of
anti-thymocyte serum(ATS)
** Significant difference between ATS and ATS+MC groups (p<0.01)
Each plot represents the mean 4 S, E.

Table 2 Glomerulosclerotic incidence(%) and sclerosis index on Day 35 after injection of
Anti-thymocyte serum(ATS)

No. of Grade of glomerulosclersis Sclerosis
Group ] .
animals 0 1+ 2 3+ index (SI)
Control 6 0 0 0 0 0
MC 6 0 0 0 0
ATS 6 91.0£13.5 8.5+12.3 0.5+1.2 0 0.10£0.15
ATS+MC 6 38.0+17.6Y 56.7+10.9" 5.0+8.9 0.3+0.5 0.69+0.27%

Each value represents the mean -+ S. D.

MC : Methylcellulose

Grade 0 : No change.

Grade 1+ : Sclerotic area less than 1/4 of glomerulus.
Grade 2+ : Sclerotic area between 1/4 to 1/2 of glomerulus.
Grade 3+ : Sclerotic area more than 1/2 of glomerulus.
Formula of sclerosis index(SID) :

o= 1XNi+2x Nyt 2x N,
=TTN, N+ N, N,

N is the number of glomeruli in each grade of sclerosis.
» Significant difference between ATS and ATS+MC groups (p<0.05).

Fig. 7 Immunohistochemical staining for ED-1 at Days 6(a, ¢, ) and 35(b, d, £) in 3
experimental groups(a, b, MC group; ¢, d, ATS group; e, f, ATS-+MC group).
Accumulation of ED-1 positive macrophages is more prominent in the ATS+MC
group than in other groups at Day 6. At Day 35, mononuclear cells are stained

positively with an aggregated pattern.
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Fig. 8 Electron micrograph of the gromerulus from a MC- treated rat at Day 20.
A large vacuolated macrophage is seen in the mesangial area. Cytoplasm of
endothelial cells is seen thickened with scanty pores.
Uranyl acetate and lead citrate stain x 3,900

M : Macrophage,

Me : Mesangial cell,

En: Endothelial cell.

Fig. 9 Electron micrograph of the glomerulus from an ATS-treated rat at Day 35.
Almost intact structure is seen except for a slightly increased mesangial matrix.
Uranyl acetate and lead citrate stain x 4,900

Me : Mesangial cell,

No, 3, 1997

En: Endothelial cell,

Ca: Capillary lumen.

187



e

W F IE

Fig. 10

Fig. 11

& Vol. 45

JHEESE

=

188



AL £ 7 07 7 -

Mot iH Ehic~ 2 v 7 v — 22 RIRKRE %
B L, EARAREAMPEO TSR S b Lin & B 2
BB Tinbhbh, <27 w7y —ohbiHish
HTRTFT —ERn T Y I — I FIRE e o fE
W&o CEERRR A S 5 & & b i RS o e 4
bhtebl, WIMEOREXE LI B8 bRt
FERBAIc X » THER IR B 7 v P BB S T,
TG, BETIRHO RIS LSV, MR, B
DEEHEE DI, v 2R 77— SOPHER R
iz A v v v AESET LT 2 2 2 0I5B R T
WA e, MO ERE K e F AR g5,
b ERTALO BRI BEHRPE 2 v 2 57 = — i
e EMAT, RRE~D=7 27y —SOBANE
BThsb & DWMEN IR T VB, SEHOER I,

FREHCIIH = v AT » — D FH RIS R e
LD, BT 529 vy AEECRICHER L
~7a7 7 —IOEERE b END I Lic ko TR
FEfHDOws w7y - ORI E L LD &
Bohd, IHEORAE A v v & v a2 F - fo i
S Thy-1 B K 57 4 de b 5 R o 56371 & 41
NS EE R & ORI BTG G, A b b
AV D 12THLBHERRERT (TGF-58) 7\
AR LT 5 o & 23R &
htwbe ¥, HITCF-SHE#EIm L b v
Y AFEE OBEEIR S i = & 2N S htun B,
Ok 3k, Pl Thy-1B &K= 57 1 coffilas e
ERBTGR-g PEHECHS L TW2 £ 2 bh s,
ED-18lE~ 2 & 7 7 — S X B R BREMRICHIN L <
Wiz, Bagehus ™04 & FiREc ATS $85.%13
H i IER B & DD b € ot g7
7 =R TGE-8 AT B E 7D 1 oTh 2
CEhb, FiThy-1BLIEB -T2 r 7 » —on

PEB T o imic e 5 = ik, BLERE 42—l
TADAARZMLTH A S L LBHRL TV 205 % Lk
e —F, MC il Ec X b FZBR35 H iz 2 b uie
MBS EE ORI R, ~27 77 7 — S b s
NBVA I VOERER TR S5 b DIV 2,
GERIDETAEETRIE~ 7 5 7 7 — o o

&P & OB & S E B 0305 B &R
hitdb,

MC % 1 EERIE. L1358, 0 3 BBt oh
b2y v ¥y afificii~ 2 v 7 » — 08N
b, BEARNC—ED IR CARBRAR P R VLo
TR 2 P > T oD IR <2 BEIE I oD FEH R AL 3R 1
N LinUieddh, BHEROREIIHEEE 2L
1$<%®Bhf,%WWWﬁmi<%ﬁéhfmto
SRERSS H CIRBREN It B~ 2 v 7 7 — D0
VIR L, MBS o8N T B e b o
oo MC-19%0 1Y = — L7 Ao — JLETRE) e Lt oy T
BRET, RESHEORRE &b ICBEE RS,
FHICRBRIAN O O X BRI AR bR
COBH, REREICH S 2 e EHRE 2 2 Ui & o
GRS, COBEEE S ATV, SHO
MC 0112 7 2 CURB 4 SEREWTHE i B S oD i st e
SMEOTE LR E U Tl ), T k5 mEsET
DRIREIE L O RN BB U b T B D
Ly,

Zh#E T, #i Thy-18 4% & % 412 %\~ Balloon-
g BRI EDEED A5 v 7 AR E 210 %
BRI TS AT 0B IR BRI E TR C B B £ 5
ZEDL, TOEFANRLTLLE PO A Y VF S 4
B R T L OIS 55 DTkl o & 28
B STV %, VI, #i Thy- 15k o & gL
RLEOATHOBEIMEE T X ), TGO B E

Fig, 10 Electron micrograph of the glomerulus from an ATS+MC treated rat at Day 5.
Influx of substances(* ) derived from methylcellulose and vacuolated macrophages
in the expanded mesangial area are seen. A small capillary lumen surrounded by
two mesangial cells is noted at the left upper part of the figure. Widely flattened foot
process of podocyte is seen along the capillary loop.

Uranyl acetate and lead citrate stain x 3,900
M: Macrophage,Me : Mesangial cell, Ca: Capillary Tumen,

Pd: Podocyte,

E: Parietal epithelial cell.

Fig. 11 Electron micrograph of the glomerulus from an ATS+MC group rat at Day 35.
Prominent collagen fibers() appear around mesangial cells. Newly formed
glomerular basement membrane(arrow) is also seen beneath the endothelial sheath,
Uranyl acetate and lead citrate stain x6,500

Me : Mesangial cell,
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Ca: Capillary lumen.
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