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The concept of the renal glomerular mesangium was first proposed
by Zimmerman 1,2 who conceived it to be a connective tissue stalk ex-
tending from the glomerular hilus to the peripheral capillary lobules,
providing support for the capillaries. The mesangium immediately be-
came a subject of controversy, with many microscopists supporting
Zimmermann 3'4 and others categorically denying his hypothesis."6 Mc-
Manus 7 used the term "intercapillary space" as mainly representing a
potential space which only became important in diseases involving the
glomerulus. Jones 8 studied inflammation and repair of the glomerulus
and came to the conclusion that these processes essentially affected the
mesangium or intercapillary space. Similar conclusions were obtained
by the use of phase microscopy.9
The controversy concerning the existence of this glomerular compo-

nent was carried on by numerous investigators using electron micro-
scopic techniques. A number of the early workers in this field 1s19 did not
recognize its existence at all and stated unequivocally that the glomeru-
lus consisted only of epithelial and endothelial elements and basement
membrane. They considered the mesangial or intercapillary cell to be
identical with the endothelial cell. A minority of early workers, including
Policard, Collet and Giltaire-Ralyte,20 Sakaguchi,2' and Yamada,22 on
the other hand, felt that this element in fact constituted a separate com-
ponent of the glomerulus. This divergence of opinion has, of course, led
to confusion in the interpretation of pathologic alterations.

Later studies, including investigations of the embryologic origin,23'24
comparative anatomy,25-27 pathologic reaction,2831 and functional sig-
nificance 32 of these cells, have supported the concept that the mesan-
gium constitutes a separate component of the glomerulus. A number
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of names have been used, including mesangial cell,',2 intercapillary
cell,2225 283031 deep cell,32 and interluminal cell aggregates.24 Even
among those workers who accepted the existence of the third cell type,
there were differences of opinion as to the nature of the substance found
between cells. Some considered this to be an extension of the basement
membrane itself 22 or extensions of layers of the basement membrane 25
which separated the mesangial cell from the endothelial cell. Jones,
Mueller and Menefee,33 by employing glass and plastic reconstruction
techniques, felt that the material represented projections of glomerular
basement membrane. By forming multiple interconnecting and inter-
lacing fibers, it enveloped the mesangial cells in a spongy network sepa-
rating them from the endothelium. Other investigators felt that it was
not merely a partitioning extension of the basement membrane but had
a special nature. Variously designated the mesangial matrix,23 inter-
cellular substance or matrix,34 or spongy material,32 the material was
noted to be distinctive embryologically, morphologically, and physi-
ologically from basement membrane.
The purpose of this paper is to extend these observations by examin-

ing the pathologic alterations of the mesangium under various circum-
stances. While a number of the pathologic conditions to be reported have
been investigated by other workers, only scant attention has been paid
to changes in the mesangium.

MATERIAL AND METHODS
Nephrotoxic serum nephritis (Masugi) 35 was produced in male Sprague-Dawley

albino rats by the intravenous injection of nephrotoxic rabbit serum.30 Of 4I animals
examined, 2 in the acute stage 3 weeks after injection, and 2 in the chronic stage 3
months after injection were selected for special study of the mesangium. Renal tissue
was taken from live anesthetized animals.34

Snake venom poisoning was produced in i6 adult male rabbits (weight approxi-
mately 2 kg.) by the intravenous injection of Habu snake venom (2 mg. per kg.).36
Tissues were removed by the technique indicated above and were examined 2, 4, 6
and 8 hours after injection.
Human tissue was obtained by percutaneous renal biopsy. Four specimens from

cases of renal amyloidosis were studied, the patients varying in age from io years to
53 years and from 6 months to 2 years in duration of clinical symptoms. Glomerular
involvement was demonstrated by crystal violet and Congo red stains and varied
from minimal to severe in intensity. Twelve cases of diabetes were confirmed clinically
or by diabetic glucose tolerance curves; duration of clinical symptoms varied from I
to 20 years; glomerular alterations by light microscopy varied from none to extensive
intercapillary glomerulosclerosis.

Fresh animal and biopsy tissues were fixed immediately in formalin and in ice cold
i per cent phosphate or veronal-buffered osmium tetroxide, pH 7.4, and embedded in
Epon.37 Osmium-fixed tissues were stained with uranyl acetate or lead hydroxide,
and were examined with a Phillips iooB, an RCA EMU 2-C and, in some instances,
an RCA EMU 3-F microscope.
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OBSERVATIONS
Normal Mesangium

The structure and location of the normal mesangium has been well
described by many investigators.8 20-34'38'39 It is located between capil-
lary lumens from which it is largely separated by endothelial cells; oc-
casionally it appears to be in direct contact with the bloodstream.' 22'32
Where it faces the urinary space, it is covered by basement membrane
and epithelium. This portion of the basement membrane is referred to
as the axial portion, in contradistinction to that portion surrounding the
capillary lumen, which is the peripheral portion (Fig. i 6). The mesan-
gium consists of cells (mesangial cells) and an intercellular matrix
(mesangial matrix) made up of fine fibrils (mesangial fibrils)32'38 (Figs.
i and 2) embedded in a ground substance probably containing muco-
polysaccharide. The edges of the mesangial cells exhibit a complicated
pattern of cytoplasmic processes (Fig. 2). The peripheral portions of
the mesangial cells contain very fine filaments 70 to ioo A in diameter.
The extracellular fibrils have approximately the same dimensions. Col-
lagen fibers are known to occur at the hilus but were not encountered in
the mesangium of the peripheral lobules in our normal material. Latta 39
described collagen fibers in the mesangium close to the capillary lumen
in normal adult rats. Suzuki (unpublished) found collagen fibers and a
large number of mesangial fibrils in the peripheral mesangium of the
adult avian glomerulus. It is not possible to be certain that small num-
bers of collagen fibers in similar location are present in the normal adult
mammalian glomerulus but are usually masked by mesangial matrix.
The mesangial matrix has a density somewhat less than that of the

basement membrane. It surrounds mesangial cells, partly separating
them from each other, from the endothelium and from the axial portion
of the basement membrane (Fig. i).

Acute Stage of Masugi Nephritis
The first change in the mesangium of the rat with Masugi nephritis

was characterized by edema of the mesangial matrix (Fig. 3). This be-
came less dense, making the mesangial fibrils and the axial portion of
the basement membrane relatively more prominent. A marked increase
in the number of mesangial cells followed (Fig. 5). The proliferated cells
were distinguished from endothelium by being individually surrounded
by a layer of mesangial matrix, and by possessing a complicated pattern
of pseudopodia along the cytoplasmic edge (Fig. 4). The amount of
mesangial matrix increased as the lesion progressed. By 3 weeks a small
number of collagen fibers were found in the enlarged matrix usually im-
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mediately adjacent to the mesangial cell surface; the number of mesan-
gial fibrils was also markedly increased (Fig. 6). In addition to mesangial
fibrils and collagen fibers, small deposits of a dark, granular material,
presumably protein in nature, were found within the mesangial matrix
(Fig. 4), and occasionally also within the mesangial cell cytoplasm.
Rarely, unusual blood spaces could be seen in the deep portion of the
mesangium far from podocytes and the basement membrane. The shape
of the cells surrounding these spaces was quite different from that of
normal endothelium, rather resembling that of mesangial cells (Fig. 5).
This unusual blood space was quite reminiscent of the early stages of the
developing glomerulus.23 It was uncertain whether the blood cavity was
an original capillary lumen later surrounded by proliferating mesangial
cells or whether it was, in fact, a result of canalization of the mesangium,
analogous to that observed in embryologic development or to the process
of capillary formation in granulation tissue.

Chronic Stage of Masugi Nephritis
The general histologic pattern in chronic Masugi nephritis was similar

to that in the acute stage, except that some of the alterations were much
more severe. Thus, cellular proliferation, increase in matrix and in its
content of mesangial fibrils and collagen fibers became much more
marked. At the same time, the electron opacity of the mesangial matrix
increased, occasionally making it difficult to distinguish from basement
membrane (Fig. 7). Some of the proliferated mesangial elements closely
resembled smooth muscle cells in general shape, fibrillarity of cytoplasm
and in the presence of dense material along the cell membrane (Fig. 9).
The majority of proliferated cells, however, resembled the original mes-
angial cells. Some of them contained round, electron-dense bodies re-
sembling the large granules of the tubular epithelium,40 and some showed
lysosome-like granules 41 (Fig. 8). None had the typical morphologic
features of fibroblasts; nonetheless, the collagen fibers found in the
matrix were often located adjacent to the mesangial cell membranes.
These collagen fibers varied in diameter, but their major periodicity was
approximately 640 A. The number of mesangial fibrils in the areas of
collagen formation were usually increased. However, the density of the
matrix in the immediate vicinity of the fiber bundles was usually reduced
(Fig. io). Rarely, collagen fibers were also found in the basement mem-
brane proper, usually within an area of reduced electron opacity (Fig. 7).

In addition, small droplets of homogeneous, electron-dense substance
were found in the mesangial matrix (Fig. 7). The presence of lipid
demonstrated by conventional light microscopic staining suggested that
these were lipid droplets. They differed in appearance from the granular
deposits in the acute stages.
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Diabetes Mellitus
Thickening of the basement membrane is a well known feature of early

diabetes. There was also an increase in the number of mesangial cells.
This, however, was often masked by the much more marked increase of
mesangial matrix and fibrils (Fig. ii). In the early stages, the structure
of the increased matrix resembled that of the normal glomerulus in
appearance (Fig. 12). With progression of the lesion, the electron opacity
of the mesangial matrix increased, approaching and occasionally even
exceeding that of the basement membrane proper. The progressive ac-
cumulation of mesangial matrix to the extent that Kimmelstiel-Wilson
nodules were formed has been reported.42'43 The appearance of collagen
fibers within such nodules has also been described.43 Mesangial cells
within such nodules often showed loss of cell organelles and cytoplasm.

Small electron-dense droplets, presumably lipid in nature, appeared
within both the mesangial matrix and the mesangial cells (Fig. ii). Small
accumulations of granular electron-dense material, presumably protein
in nature, were also found occasionally in the matrix.

Amyloidosis
Amyloid fibrils were of the same range of thickness (50 to ioo A) as

mesangial fibrils, but were more sharply defined and more irregularly
oriented, giving amyloid a distinctly more fibrillar appearance electron
microscopically (Fig. 14). On occasion they also showed a rough perio-
dicity or beading. In the early stage of amyloidosis, following a slight
proliferation of mesangial cells, the smallest deposits of amyloid were
found within the mesangial matrix (Fig. I3). In the more advanced
stages, extensive deposits were found in both the mesangial matrix and
the basement membrane (Fig. 15). However, the proportion of amyloid
was always much greater in the mesangial matrix. Massive deposits of
amyloid were always found here, although they sometimes extended
into the axial portion of the basement membrane. In such instances, this
portion of basement membrane was sometimes completely replaced by
amyloid; the peripheral portion, however, almost invariably showed
some remnant of lamina densa, even when extensively involved.

Amyloid fibrils were not demonstrated intracellularly in our material.
However, in massive amyloidosis there was loss of cell membranes and
organelles.

Snake Venom Poisoning
Two hours after the injection of snake poison, there was vacuolation

of the mesangial cells (Fig. I6). At the same time there was edema of
the mesangial matrix with increased prominence of fibrils (Fig. I 7).
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After 8 hours mesangial cells exhibited evidence of degeneration, with
a pale cytoplasm devoid of organelles or other organization, and with
only the nuclear membrane remaining intact (Fig. i8). The matrix also
showed severe degeneration with a loss of density and of architecture.
The loss of mesangium led to fusion of the capillaries with the forma-
tion of a large blood cyst or aneurysm. This was surrounded by the
capillary basement membrane, which remained intact.

DIscusSION
Mesangial Cell Proliferation

Cellular proliferation within the glomerulus in human and experimen-
tal nephritis is a well-known phenomenon. The problem has been to
identify the cell type which participates in this proliferation. This iden-
tification depends upon the interpretation of the structure of the normal
glomerulus. Those workers who did not accept the existence of a third
cell type generally considered the proliferating cells to be endothelial in
origin.12'19'44 On the other hand, those who recognized the mesangium
as a separate component24'29'30 considered them to be predominantly
mesangial in nature. Two characteristics of the normal mesangial cells
are (a) irregular cytoplasmic processes along the cell edge; and (b) a
surrounding intercellular material or matrix. Most of the proliferated
cells showed these same features. It therefore appeared that mesangial
cell proliferation was the main inflammatory response in the glomerulus.

Moderate mesangial cell proliferation was also found in the early
stages of amyloidosis and diabetes. This has been reported in toxemia
of pregnancy as well.24'25 It thus appears to be a nonspecific response
to injury.

Increase of Mesangial Matrix

The mesangial matrix showed a marked variation in response to vari-
ous pathologic conditions. In Masugi nephritis, there was a slight in-
crease in matrix in the acute stage, and a progressive increase in the
chronic stage. In diabetes mellitus, on the other hand, there was a very
great increase even in relatively early stages of the disease. This increase
in matrix is the same alteration described as deposition of hyaline ma-
terial or basement membrane-like material by other investigators 11,16.17;
it accounts for the diffuse and nodular glomerulosclerosis of diabetes.
In all these conditions, proliferation of mesangial cells, though varying
in degree, appeared to precede or accompany an increase in matrix. In
the embryologic development of the glomerulus,23 cellular proliferation
also precedes the formation of mesangial matrix. This would suggest that
the mesangial cells contributed to the formation of mesangial matrix.
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Collagen Fiber Formation
Attention has been focused on the importance of periglomerular fibro-

sis in the development of intraglomerular fibrosis.46 We also found
severe periglomerular fibrosis in chronic Masugi nephritis and believe
that this is an important mechanism in glomerular fibrosis. However,
small bundles of collagen were found in the acute stage of Masugi
nephritis, well before the development of periglomerular fibrosis. Also,
in acute and chronic stages, the presence of small, isolated bundles of
collagen fibers within the mesangium indicated that collagen fiber forma-
tion could begin in this area. This is supported by the evidence that
within 6 days after uranium salt injection,31 collagen fibers are found
in the mesangium in the absence of periglomerular fibrosis or fibrous
crescents.

Although the proliferated mesangial cells do not have the typical
appearance of fibroblasts, their close proximity to the collagen fibers
represents a relationship closely resembling that described for fibro-
blasts.47A9 Collagen fibers have also been found within the mesangium
in diabetes mellitus,43'50 systemic lupus erythematosus, and cystinosis.5

Deposition of Substances
While a number of investigators have examined glomeruli with amy-

loid deposit,5240 both human and experimental, these workers focused
upon the basement membrane alterations. It appears certain, however,
that amyloid deposition begins in the mesangial matrix, and with severe
involvement the massive deposits also are usually found in the mesan-
gium. This mesangial localization has been postulated from previous
studies with phase microscopy.9

Protein and lipid deposits were also found within the mesangial matrix
as well as within mesangial cells. The mesangium therefore appeared
to be a site of predilection for the deposition of protein, lipid and amyloid
substances. The reason for this was not clear. However, the evidence
that the mesangial matrix is relatively permeable and the mesangial cell
phagocytic32 helps to explain this pattern of deposition.

Degeneration of the Mesangium
In Habu snake poisoning, Kitamura, Hashiguchi, Hamaguchi and

Oyama,36 found a loss of glomerular architecture with conversion of the
glomerulus into a blood-filled cavity surrounded by basement membrane
and epithelial cells. When the venom was injected into experimental ani-
mals, the degenerative process was found to involve the mesangium
("mesangiolysis"). This was the only condition in which degeneration
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of the mesangium was the primary process. There was involvement of
both the mesangial cells and the matrix, and it was the only condition
which was not preceded by either proliferation of cells or increase in
matrix. We were able to confirm these observations by utilizing the same
technique. The fact that the basement membrane remained preserved
indicated that there was a difference between the mesangial matrix and
the basement membrane in their response to certain forms of injury.

Other types of mesangial degeneration may occur in other varieties
of glomerular disease. For example, in diabetes mellitus, marked increase
in mesangial matrix was accompanied by atrophy and disappearance
of mesangial cells. A similar alteration took place in amyloidosis, where
massive deposition of amyloid in the mesangium was accompanied by
mesangial cell alterations. In both instances, the cellular alterations con-
sisted of loss of cell organelles and cytoplasm. It was impossible to say
whether these alterations were due to compression or to interference
with the metabolism of the cell, or to both.

Embryologic Considerations
For a long time it was accepted that the glomerulus was derived from

an invagination of the metanephrogenic vesicle into which capillaries
and their supporting connective tissue grew from the adjacent mesen-
chyma. More recent evidence has indicated that the glomerulus develops
directly from mesenchymal cells of metanephrogenic tissue.15'23'24 This
implies that all the cells within the glomerulus are of mesenchymal cell
origin. The cells making up the elements of the peripheral capillary wall
differentiate first and also show the highest degree of differentiation (e.g.,
foot processes, endothelial sheets with pores). The cells in the axial por-
tion differentiate the least, most closely resemble mesenchymal cells, and
with the formation of mesangial matrix become mesangial cells in the
mature glomerulus. The various properties ascribed to these cells-
proliferation, phagocytosis,32 fiber formation,31 possibly also matrix for-
mation-may be an expression of their origin and development.

Relationship of Mesangial Matrix to Basement Membrane

The axial portion of the basement membrane is in direct contact with
the mesangial matrix and appears to be continuous with it. The distin-
guishing morphologic features the relative homogeneity of the base-
ment membrane contrasted to the fibrillarity and lesser electron opacity
of the mesangial matrix-were pointed out by Farquhar and Palade.32,57
Nonetheless, the concurrent increase in both basement membrane and
mesangial matrix in diabetes and in Masugi nephritis suggests a close
relationship between these two substances. Also, the similarity of stain-
ing reactions with PAS, periodic acid-silver methenamine, aniline blue
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and other connective tissue stains suggests that there may be a similarity
in chemical composition. Recent chemical studies58,59 have demon-
strated the presence of considerable amounts of hydroxyproline in nor-
mal as well as in abnormal (diabetic) glomeruli. It is not known how this
amino acid is distributed between the basement membrane and the
mesangial matrix and between their fibrillar and nonfibrillar components.
However, the presence of hydroxyproline implies the existence of a pro-
tein chemically related to collagen. Immunohistochemical methods re-
veal the presence of collagen or a substance closely related to collagen
in the capillary basement membrane.60
On the other hand, in addition to the morphologic differences men-

tioned above, the matrix further differs from basement membrane in that
it is variable in thickness and does not form a complete membrane, some-
times leaving the endothelial cells incompletely separated from the mes-
angial cells. There is also thought to be a marked difference in perme-
ability.32 Embryologically, the basement membrane develops prior to
and independently of the mesangial matrix.23 There is also a difference
in their reaction to some pathologic stimuli, e.g., Habu snake venom.
Thus, although basement membrane and mesangial matrix may be
closely related, a distinction between the two is certainly warranted.

Nature of the Mesangium

Zimmermann1"2 considered the mesangium to be a type of connective
tissue supporting the glomerular capillaries and suggested that its cells
were fibroblasts. A number of electron microscopic observations, par-
ticularly during earlier studies, appeared to contradict Zimmermann's
concept of a connective tissue-like mesangium. The location, with partial
contact with the bloodstream, would speak against such a concept, since
connective tissue is usually separated from the vascular tissue. Secondly,
the relative lack of intercellular substance, a conspicuous component of
connective tissue, and the lack of connective tissue fibers pointed against
a connective tissue nature. Further distinction was the paucity of fibro-
blast characteristics, such as a lack of well-developed endoplasmic
reticulum in mesangial cells. The demonstration that capillaries and
connective tissue do not grow into the glomerulus during embryologic
formation ("invagination" theory) seemed to constitute further contra-
dictory evidence to the concept that a connective tissue element was a
component of the glomerulus.
As a consequence, even those investigators who considered the mesan-

gial cells to be a third cell type avoided any terminology which would
associate them with a connective tissue origin. Thus, a number of names
given avoided any connotation of function or origin (intercapillary cell,
third cell type, interluminal cell aggregates, deep cell).
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Later, more extensive investigation of the structure, function and
development of the mesangium with improved techniques suggested that
this component had certain features of connective tissue. It provides the
necessary mechanical support for the capillaries, loss of which (e.g., as
a consequence of mesangial degeneration in Habu snake poisoning) leads
to disruption of the capillary architecture. It responds to injury by
cellular proliferation and by the deposition of intercellular substances
such as matrix and collagen. However, mesangium also exhibits proper-
ties not ordinarily found in connective tissue. Mesangial cells are
strongly phagocytic, indicating a relationship to macrophages or the
reticuloendothelial system. Some of the cells are, to a degree, directly
exposed to the bloodstream. Some cells, particularly when in process of
proliferation, resemble smooth muscle cells.6" This combination of fea-
tures suggests that the mesangium is a specialized tissue of mesenchymal
origin. In many respects it is similar to the pericapillary tissue.32'62
The term "mesangium" indicates a tissue lying between capillaries.

Even though the present concept of this tissue is somewhat more complex
than that proposed by Zimmerman, the term itself remains both perti-
nent and useful.

SUMMARY
The renal glomerular mesangium is composed of mesangial cells (in-

tercapillary cells) and intercellular substance, designated mesangial
matrix. Pathologic changes in the mesangium were investigated in 4
conditions: nephrotoxic (Masugi) serum nephritis and Habu snake
poisoning in animals, and diabetes mellitus and amyloidosis in man. In
Masugi nephritis, mesangial cell proliferation with increase in mesangial
matrix and focal collagen formation were observed. In diabetes, marked
increase in the mesangial matrix followed a slight mesangial cell pro-
liferation. In amyloidosis the deposition of amyloid substance appeared
to begin within the mesangial matrix and massive deposits in later stages
were also localized in the mesangium. In Habu snake poisoning degen-
eration of both mesangial cells and matrix was noted.
The structure and the behavior of the mesangium is best explained by

the assumption that it is a special type of mesenchymal tissue similar
to pericapillary tissue.
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LEGENDS FOR FIGURES
Key:

A = Amyloid CL = Capillary lumen
BM = Basement membrane ED = Endothelial cell

BM-A = Axial portion, basement EP = Epithelial cell (including foot
membrane process)

BM-P = Peripheral portion, basement MC = Mesangial cell
membrane Mf = Mesangial fibrils

Cf = Collagen fiber MM = Mesangial matrix
FIG. I. Normal rat glomerulus. The mesangium is bordered on the right and left

and at the bottom by basement membrane and foot processes of epithelial cells,
at the top by endothelial and capillary lumen. Mesangial matrix separates mesan-
gial from endothelial cells. Edges of mesangial cells consist of irregular cyto-
plasmic processes. Mesangial cells contain mitochondria, endoplasmic reticulum,
and dense bodies. x I 7,000.

FIG. 2. Normal rat glomerulus. The mesangial matrix contains fine fibrils; a mesan-
gial cell contains filaments of approximately the same caliber (70 to ioo A).
X 27,000.
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FIG. 3. Acute nephrotoxic (Masugi) nephritis in the rat. The endothelial cell contains nu-
merous mitochondria and endoplasmic reticulum. The mesangial matrix is pale and appears
swollen. Irregular edges of the mesangial cell are maintained. X I4,000.

FIG. 4. Acute (Masugi) nephritis. The endothelial cell cytoplasm at the top is separated from
irregular processes of a mesangial cell by mesangial matrix. Arrow shows a deposit of granu-
lar material, presumably protein, in the matrix. X I7,000.
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FIG. 5. Acute (Masugi) nephritis. There is marked cellularity of the mesangium. In the center
of the lobule is a lumen filled by a red cell. This may be a residual of a former lumen or may
represent "canalization." X 3,500.

FIG. 6. Acute (Masugi) nephritis. Collagen fibers appear adjacent to a mesangial cell whose
membrane has been cut tangentially. The mesangial matrix in the vicinity of the fibers con-
tains numerous mesangial fibrils but is less dense in the area of fiber formation. X 28,000.
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FIG. 7. Chronic (Masugi) nephritis. There is marked enlargement of mesangial matrix. Sepa-
ration between the basement membrane and the mesangial matrix is not always clearly de-
fined. Collagen fibers are found in the matrix adjacent to the mesangial cell membrane and
occasionally in the basement membrane. The mesangial cell contains dense granules, some re-

sembling lysosomes. X I 7,500.

FIG. 8. Chronic (Masugi) nephritis. In the mesangial cell cytoplasm is a "large granule" resem-

bling a hyaline droplet. X 4,000.

FIG. 9. Chronic (Masugi) nephritis. Some of the proliferated mesangial cells resemble normal
elements (top) while others resemble smooth muscle cells (bottom). X 7,500.
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FIG. iO. Chronic (Masugi) nephritis. Two bundles of collagen fibers are immediately adjacent
to the cell membrane. The subperiod of the collagen fiber can be made out. The mesangial
matrix contains numerous fibrils and is less electron-opaque in the area of collagen forma-
tion. X 55,000.

Ocft ., I963 573



SUZUKI ET AL.

C
A

11

12

FIG. I i. Diabetes mellitus. The mesangial matrix is markedly enlarged and appears between a
slightly increased number of mesangial cells. Capillary lumens are found at the periphery of
the enlarged mesangium. Lipid droplets and small deposits of granular material appear within
the matrix. X 4,000.

FIG. I2. Diabetes mellitus. The mesangial matrix contains fine fibrils with the same diameter
as those in a normal glomerulus. X 44,000.
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FIG. 13. Amyloidosis. Small deposits of amyloid are manifest in the mesangial matrix. X 24,000.

FIG. I4. Amyloidosis. Amyloid fibrils are more prominent than mesangial fibrils and are irregu-
larly oriented. X 6o,ooo.
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FIG. I 5. Amyloidosis. A massive deposit of amyloid appears in the mesangium. Rem-
nants of mesangial cell cytoplasm are indicated by arrows. Basement membrane
involvement by amyloid is seen at the top. The axial portion of the basement
membrane is completely replaced by amyloid. X 8,ooo.
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FIG. i6. Habu snake poisoning (2 hours). Vacuolation of the mesangial cell is the only ab-
normality found. x I4,000.
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FIG. I 7. Habu snake poisoning (2 hours). The mesangial matrix is less opaque and shows
prominent fibrils due to edema. X 40,000.

FIG. i8. Habu snake poisoning (8 hours). Completely degenerated mesangial cell is evident
in the lower left corner. Other cells are partly preserved. The arrow points to degenerat-
ing mesangial matrix. X I 2,000.
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