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Alteration of Glomerulus Due to Aging in a Strain of Wistar Rats
Hitoshi TAMAI

Using normal Wistar strain rats of which the life span is about 2 years, our
study group previously reported that podocytes revealed no evidence of proliferation,
recently suggested that the process of progressive glomerulosclerosis is contingent
upon the development of epithelial cell defects. In order to clarify the details of
adaptive processes of podocytes in proportion to the kidney enlargement, the author
examined the number of podocyte per glomerulus length of glomerular basement
membrane (GBM), and glomerular volume using normal Wistar strain rats
throughout life-time.

I detected that glomerular volume kept on increasing with age, and that the mean
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number of podocytes per glomerulus remained constant during the experimental

period.

That is to say, the potential surface area of GBM covered by a single podocyte

kept on increasing over time.

To sum up, in Wistar-strain rats, I showed that, although GBM keeps expand-

ing, podocytes remain constant in number throughout life-time. Because of this

physical gap, I suggested that aging and degeneration of podocytes and their detach-

ment from the GBM may readily occur and the glomeruli undergo irreversible

changes which finally lead to the glomerular sclerosis. (Accepted on October 25, 1995)
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Fig. 1. A glomerulus which is cut along
equatorial surface linking the urinary
pole and vascular pole.
PAS stain. X 400.
Tracing glomerular basement membrane
(red line) .

—RERE D 72 0 O RERE_E R AMREEL (Npod/G)
37 v MOEOREREIC D W TEHRIL 72,
Weibel 5 D /735138 F_E O SR D B HEITE 5>
5, BEEHETL2HOTHY, HRNLIRKE
LEITEESEETH Y, ZEOABKEZFHEIL
TEHETEHEEEBLOICHEL TS, §
b, Figure 212773 L5112, IBASI2k Y
SHRERIEREE DSMANC & > THE N -EE (Tuft
area) %KD, I XV REEBZEL2EH, &
ST RBRE B OAZ EfE/ Tuft area th, %
DY I BIE S N 2 R BRE R OB #0E K
O, —RIKED 72 0 ORIRE RSO B
L.
UTF, X zRT.
VG=p/k (AG)**?
B=1.38 : shape coefficient
k=1.1: size distribution coefficient
for spheres
VG  mean tuft volume
AG : glomerular tuft area

Npod/G=k/g (Na®/Vv'?) XVG
Npod/G : absolute
podocytes/glomerulus of

number of

average volume
NA : profile density of visceral epith-

elial cell nuclei
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B

Vv : volume density of the nuclei with
in the glomerular tuft

k=1 : size distribution coefficient

B=1.5: dimensionless shape coeffi-

cient

7B, KEBRBETIIHRE UIREKEITTA
THELS s <, BRESMI1/2 RS 2 R4
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coxon DFRFSATIBEMARE % Fv TITW», fElkE
5%BUTEEREL AT LT,

RER 3 . SRERMA L RGO I R EI L
IFNIT—TNVEEEBAMBETT, 7 b
DORERICH =2 — VvV 2FE, FHAEKTHE
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ER2ITWI Y/ — VRN THAZTT, Epon-

A : 1-pm thick epoxy sections stained with
1 9% tolidine blue.

B : The glomerular cross-sectional area.

C : The profile area of podocyte nuclei.
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EEREZEE LT, £BRI0GEZ v + T
2658.4+154.3 um T, REFL7e&ZBEZ7 v biZB
WTHEKR LET v b OARGBEERERICGLE
BEERE->TEREL T, £/, 108K 13
RO 2R TRTCOMETEEEZ 2R
7z (Fig. 3).
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d 72 ORERAER LR OFH
(Table 1) .
E#THEZ Y P O—RERKMEDHZD
D R BRAE b B A BT $13151 £ 1504,
££100:8Z v b TII81£13ETH
D, MERCEEZE X ro7. —
Fi, RERBEROBET T, £ 1
HEZ v bD0.74£0.06 gm?® X10° 2>
SRR EFET, EEI00HZ v b
T132.9420.09 ym3*xX10° T H Y,
MEREICEEE 2 £ > CREMEEE

Length

30007 |
2000 i

10001 i

BRAE b B oS 7 9 N & (REE TR L3I0 1 £
WIEKT 3 ZEBRLTWS,
REX 3 . REGF LB BRI
(Fig. 4, 5)

EER 1 OBRDOEBY, 1008 T v b Tl3E
EBEOER & & b 1RBRE - I35 &I
S, BERZERakkES O HIR & 2 O FIME
DIEEAL, BIEOME, MnENMEERE

1 4 7 9 10 13 35 39 43 80 100 weeks

DhNERCFE S R 2R 2. E&n *  P<0.05
B ORER, REREEBIEIERE LR ** NS
STHEKRTZ2Zbrb5T, —k Fig. 3. Length of GBM
Bk D 72 0 ORBRE - RS —
EThH-ol. ZOZLX, —DD%
Table 1. Morphometric Parameters of Podocytes
7W 14W 22W 40w 60W 100W
VG l ® |
(wm3x108) 0.74+0.06 0.84+0.04 1.49+0.07 1.42+0.03 2.36+0.12 2.94+0.09
l et |
Npod/G 151+£15 141+12 151+£20 15012 160+15 181+13

All values are expressed as averages= SD.

VG: average glomerular tuft volume.

Npod/G: average number of podocytes per glomerulus.
¢ P<0.05

Yook N.S.
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ZRHT, ORI 3SREN L E
L T3S, 20 & 51 RERE BRI I3 %
DOFEED S b X I-MlEEREH» & b mE el
THIfETH D, REBEEREIISHEEEZEST,
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graph of 10 weeks rat podocyte.
Podocytes are located above the
corresponding capillary. X 4000
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BT 2e0IiE, 2REGERY 3REGEDER
WS RSEHE DM DS INE I £ > THmS %
LEOHLIEERLTVRS,

&, KB EMEEE FRE S 58
T AREREBEE DB E T Vi, KEL 2D
AT esha. —2i%, Puromycin aminonu-
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MBI ETH - 72, i Munich-Wistar
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Fig. 5. Transmission electron micrographs of 100 weeks rat podocytes.

(a) Hypertrophic podocyte. At least three capillary profiles (1-3) are served by the same
podocyte. X 2500

(b) Hugel stretching podocyt cell-body (arrows). The attenuated cytoplasm bulges to pseudocysts
(stars) . X 1500

(c) Pseudocysts (stars), dense droplets in the podocyte cytoplasm are observed. X 1500

(d) Many dark staining dense droplets in strongly atrophic podocyte. X 2000

(e) The denuded GBM being covemedby Bowman’s epithelial cell (arrow). X 2500
GBM : glomerular basement membrane
BC : Bowman’s capsule
BEC : Bowman’s epithelial cell
US : urinary space




I e =

Width of foot process (nm)

3 - P i > A
Fig. 6. Light micrographs of glomerular pro-

e 4 s o S

files 14 weeks (A) and 100 weeks (B).
Tolidine blue stain. X 400.

The glomeruli undergo irreversible
changes resulting in segmental glomerular
sclerosis (B) .
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HIFL I EERE L D HBENE T2 &2 60, C
DOEAETIC, FGSTREMER I TW» &
HEHEI X 5. Nagata & Kriz 387 v bk
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