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Abstract

Isolated and purified glomerular basement membranes (GBM) of normal and aminonucleoside
(PAN) nephrosis rats were observed by electron microscopy after negative staining. Although
GBM of normal rats appeared as a molecular sieve with uniform pores, GBM of nephrotic rats
showed enlargement and elongation of the pores. For an average of fifty pores, the long dimension
was 40.4+/-10.7 A and the short dimension 13.8+/-3.6 A in nephrosis whereas the long dimension
was 12.3+/-2.5 A and the short dimension 8.4+/-1.0 A in normal rats. Changes in the pores in
GBM were thought to result in increased permeability of serum protein and hence proteinuria.
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Abstract. Isolated and purified glomerular basement membranes
(GBM) of normal and aminonucleoside (PAN) nephrosis rats were ob-
served by electron microscopy after negative staining. Although GBM
of normal rats appeared as a molecular sieve with uniform pores, GBM
of nephrotic rats showed enlargement and elongation of the pores, For
an average of fifty pores, the long dimension was 40.4+10.7 A and the
short dimension 13.8+3.6A in nephrosis whereas the long dimension
was 12.34+2.5A and the short dimension 8.4+1.0A in normal rats.
Changes in the pores in GBM were thought to result in increased per-
meability of serum protein and hence proteinuria.

Key words : glomerular basement membrane, aminonucleoside
nephrosis, negative staining.

The ultrastructure of the glomerular basement membranes (GBM) of the
kidney has been shown to be a fine meshwork (i. e. a molecular sieve) by electron
microscopy using negative staining. The pores are smaller than the size of
albumin molecules (1). Therefore, the GBM is considered to play an important
part in glomerular permeability as a main filtration barrier (2-4). The purpose
of this study was to demonstrate the ultrastructural changes of the molecular
sieve in nephrotic rats with severe proteinuria.

Nephrosis thought to resemble human lipoid nephrosis was produced in rats
by daily injections of Puromycin aminonucleoside (PAN) (5, 6). We used 26
male Sprague-Dawley rats weighing approximately 100g. The rats were kept
in metabolic cages for 15 days with free access to standard feed and water.
Fifteen experimental rats received daily subcutaneous injections of 1.5 mg per
100g body weight of PAN as a 0.5% aqueous solution for 14 days. Eleven
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control rats received injections of distilled water. Urines were tested for protein
semiquantitatively by the Combistix method every day and the animals were
weighed regularly.

PAN mjectlons produced nephrotic rats with remarkable uniformity. Pro-
teinuria appeared at about the 6th day of PAN injections, and ascites at about
the 9th day. All animals were killed by exanguination from the heart on the
15th day. Total and fractional proteins, cholesterol and urea nitrogen in sera
were measured. Serum albumin was markedly decreased, and serum cholesterol
was increased, in nephrotic rats.

The kidneys were examined by light microscopy and electron microscopy of
ultrathin sections. Glomeruli from nephrotic rats appeared almost normal by
light microscopy. Although extensive fusion of the foot process of podocytes was
observed on ultrathin sections, the GBM appeared normal.

GBM were isolated and purified according to a modification of Spiro’s
method (7). Successful purification was confirmed both by phase contrast micro-
scopy with which GBM were seen as smooth, sharply refractive membranous
fragments, and by negative staining which showed characteristic findings. GBM
were studied with an electron microscope, Hitachi H 700 H type, using negative
staining with 1.0% phosphotungustic acid, pH 7.3.

In lower magnification, isolated GBM showed fragments with linear con-
tour, angular ends and spongy surface characteristic of GBM : this feature
confirmed that the specimen under the observation was GBM (1, 3). In higher
magnification, GBM showed a molecular sieve composed of fine strands and pores.
In GBM of normal rats, strands were almost equal in width and three dimen-
sionally continuous, measuring 11. 3A in width. Pores were round or oval,
measuring 12.3+2.5 A in long dimension and 8.4 -1 0 A in short dimension for
an average of fifty. In nephrotic rats, GBM showed the same basic structure
except for the size and shape of pores. Although some of the pores remained
similar in size to the normal, many of them were enlarged and elongated. For
an average of fifty pores, the long dimension was 40.4 -10.7 A and the short
dimension 13.8+3.6 A in nephrosis. The largest long dimension measured was
more than 100 A and the largest short dimension more than 50 A (F ig. 1).

In the nephrotic syndrome, increased permeability of the glomerulus is
accepted as the basic functional defect. Although there have been many studies
on glomerular permeability using various kinds of tracers and electron micro-
scopes (8-11), neither the normal ultrastructure nor changes in nephrosis of the
GBM have been clarified. We are the first to demonstrate that the GBM in man,
cows and rats is a molecular sieve composed of fine strands and pores, and thus
the main filtration barrier in glomeruli (1-4).

The size of albumin molecule is stated to be 150 x 33 A in man and 129 x 39
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Fig. 1. The glomerula; basement membrane of nephrotic rats showing a molecular
sieve composed of fine strands and pores. Many of the pores are enlarged and elongated.
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A in cattle, and it is probably of this order in rats since the molecular weights of
albumin are similar regardless of the species. Enlargement and elongation of
pores in nephrosis revealed in the present study appear to allow albumin mole-
cules to pass through the GBM very easily. Hence, it is concluded that the
pathogenesis of proteinuria in aminonucleoside nephrosis is change in the size
of the pores of the molecular sieve in the GBM.
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