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It is the purpose of the present paper to report electron microscopic
observations on the hyalinizing form of renal arteriolosclerosis, and par-
ticularly on the localization of hyaline deposits and their relationships
to normal structural components of the arteriolar wall. The problem of
the nature, origin and pathogenetic significance of arteriolar hyalin in
the kidney and other organs in various diseases, as well as in aging, has
been extensively reviewed in a recent publication.1 In the present work
attention is focused on the morphologic features of renal arteriolar
hyalinosis in nondiabetic hypertensive patients. However, since lesser
degrees of arteriolar hyalinosis occasionally observed in normotensive
nondiabetic elderly patients present essentially similar features, the ma-
terial available from these patients is included here.
The findings indicate that arteriolar hyalin may constitute a deposit

of substances of hematogenous origin and that it is distinct from col-
lagen, elastic tissue, basement membrane material, fibrin and amyloid.

MATERIAL AND METHODS
The observations to be reported are based on a study of 20 surgical renal biopsy

or nephrectomy specimens. Biopsy tissue was available from 4 patients with essential
hypertension and from 2 with hypertension of adrenal origin (adenoma with aldoste-
ronism and hyperplasia with Cushing's syndrome). The specimens from the remain-
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ing I4 normotensive patients had moderate degrees of pyelonephritis and hydrone-
phrosis or contained well-circumscribed hypernephromas. Tissues were processed for
light and electron microscopy. For electron microscopy small blocks were immediately
fixed in Caulfield's solution 2 and embedded in Epon.3 Thick sections (o.s ,u) from
these blocks were stained with an alkaline solution of toluidine blue and used for the
preliminary search of arterioles with the light microscope. Ultrathin sections were
stained with uranyl acetate4 and examined with an RCA EMU-3D or EMU-3G
electron microscope.

RESULTS

Arteriolar hyalin was found deposited only or predominantly within
intimal spaces. In the intima of uninvolved arterioles considered to be
normal (Fig. i), there was a narrow and inconspicuous free tissue space
situated between the subendothelial basement membrane and the mus-
cular basement membrane surrounding medial smooth muscle cells. At
several points this space was interrupted by juxtaposition of these two
basement membranes or by muscular endothelial junctions. Intimal
elastic tissue, when present, was contained within these tissue spaces.
It should be noted that collagen fibers were normally scanty or absent.
The appearances and distribution of elastic fibers in renal arterioles of
different caliber will be dealt with in detail elsewhere.

In toluidine blue stained sections of Epon-embedded tissue examined
by light microscopy, arteriolar hyalin appeared as blue homogeneous
subendothelial deposits (Fig. 2). Elastic fibers stained deeper blue and
were usually situated at the outer boundaries of the deposits.
With the electron microscope, corresponding deposits consisted of

homogeneous, moderately dense material, predominantly deposited
within intimal spaces on the lumen side of the elastica (Figs. 3 to 5).
Occasional deposits contained electron-translucent spaces, probably
representing extracted fat (Fig. 5). Larger deposits tended to infiltrate
adjacent elastic tissue and interstitial spaces between smooth muscle
cells of the media (Figs. 3 and 4). In occasional arterioles, hyalin depo-
sition was limited to relatively small intimal foci (Figs. 6 and 7) while
the remaining parts of the same arterioles showed no appreciable al-
terations.

It is of interest that in spite of the marked lumen narrowing of se-
verely hyalinized arterioles, the endothelial lining was intact although
some endothelial cells were hypertrophic (Fig. 7), swollen, or contained
several dense bodies, probably lipofuscin pigment (Figs. 3 and 4).
Endothelial basement membranes could still be recognized in the pres-
ence of conspicuous hyaline deposits (Figs. 3 and 5), but they even-
tually became obliterated (Figs. 6 and 7). At the outer boundaries of
the deposits, elastic tissue, when preserved (Figs. 2 to 6), was displaced
toward the media and remained interposed between the deposits and
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medial smooth muscle cells (Figs. 6 and 8). In other instances elastic
tissue was infiltrated and disrupted, and elastic fibers disappeared
or became incorporated within hyaline material (Figs. 4, 5 and 9).
Further peripheral extensions of hyaline deposits led to invasion of the
muscular basement membranes (Fig. 9). When the latter were com-
pletely obliterated, hyaline material was seen in direct contact with the
peripheral cell membranes of smooth muscle cells (Fig. io). An impor-
tant finding resided in the observed integrity of smooth muscle cells in
all of the involved arterioles examined, even in those most severely
affected. Some smooth muscle cells, however, appeared compressed and
flattened to various extents, and some contained dense pigment bodies
(Figs. 3 and 5).
On occasion, intact portions of cytoplasm were seen embedded

within intimal hyaline deposits (Figs. 4, 5 and 7) and could sometimes
be recognized as muscular cytoplasm (Fig. 7). They were interpreted
as representing trapped endothelial or muscular cytoplasmic processes
normally involved in the establishment of the musculo-endothelial junc-
tions mentioned earlier.
At higher magnification (Figs. 7 and 9) hyalin showed a distinctly

granular structure, with compactly arranged granules of moderate den-
sity, measuring approximately 200 A in diameter. Basement membrane
material presented a finer texture and more homogeneous appearance
(Fig. 9). Collagen fibers were not present in hyaline deposits.

DIscuSSION
Hyaline arteriolosclerosis is a characteristic although not pathog-

nomonic lesion in the kidneys of patients with essential hypertension.
Current theories propose different mechanisms for the origin and depo-
sition of arteriolar hyalin. The deposits are variously thought to be
derived from plasma constituents, such as fibrin5'6 and other pro-
teins,7-10 from necrotic or degenerating smooth muscle cells 11 or from
degenerated basement membranes and ground substance of the arteri-
olar wall.'2 This divergence of opinion stems partly from the difficulties
in adequately resolving small structures within arteriolar walls, whether
normal or pathologic.

In the present work with the electron microscope, hyaline material
was clearly shown to accumulate predominantly in intimal spaces. Its
granular structure, as demonstrated at high magnification, appeared
unlike that of normal constituents of the arteriolar wall. Thus, it could
be readily differentiated from smooth muscle cells, basement mem-
branes, collagen or elastic fibers. Intimate topographic relationships of
hyaline deposits with these structures were demonstrated, however, and
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these could account for confusing images and interpretive difficulties
encountered by light microscopy. The granular appearance also dis-
tinguished hyalin from other types of abnormal deposits, such as fibrin 13
and amyloid,1416 which are distinctly fibrillar in character.
With regard to the possible origins of hyaline deposits, the preserva-

tion of medial smooth muscle cells and the preferential localization of
hyalin in the arteriolar intima on the lumen side of elastic tissue do not
support the hypothesis of its origin from medial smooth muscle cells.1'
The preservation of endothelial and muscular basement membranes in
several hyalinized arterioles, as well as the demonstrable structural dif-
ferences between basement membrane and hyalin, suggest the unlikeli-
hood that the latter consists of basement membrane material.'2 Also,
the granular structure of the deposits is difficult to reconcile with hema-
togenous theories postulating an origin of hyalin from fibrin deposited
on and incorporated within the arteriolar intima.6 7
Our observations can be best interpreted in the light of hematogenous

theories proposing excessive passage of plasma proteins from the blood
into the arteriolar wall.810 It is suggested that globular proteins and
lipoproteins rather than polymerized fibrillar proteins, such as fibrin,
are the main plasmatic components which accumulate in the tissue
spaces of the arteriolar intima. Since in our surgical renal material none
of the affected arterioles exhibited endothelial discontinuities, either
by light or electron microscopy, it is postulated that excessive filtration
of plasma proteins is due to increased or altered endothelial perme-
ability. SUMMARY

Ultrastructural features of hyaline deposits in renal arteriolar scle-
rosis in a group of hypertensive and normotensive nondiabetic patients
were described. Hyalin was composed of moderately dense granules
about 200 A in diameter, predominantly deposited within intimal spaces.
It appeared unrelated to other normal cellular or intercellular constitu-
ents of the arteriolar wall. The incorporation of elastic tissue and cellu-
lar cytoplasmic processes within hyaline material appeared to be a
secondary phenomenon. Severer degrees of arteriolar hyalinosis were
associated with infiltration and obliteration of basement membranes
and disruption of elastic tissue. The findings support the view that ar-
teriolar hyalin may be derived from excessive filtration and deposition
of plasma proteins rather than from smooth muscle cells, basement mem-
branes or collagen. In hypertensive patients, the features described
differed only in frequency and degree from those observed in normo-
tensive individuals.
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ADDENDUM

After completion of this paper, an article by McGee and Ashworth 17

appeared in which the fine structure of the hyaline type of hypertensive
arteriopathy was described. The authors observed an increase in mod-
erately dense extracellular material, together with atrophy of smooth
muscle. They believed that while some of the material was derived from
elements filtered from the blood, the majority was actually derived from
increased basement membrane substance of endothelial and smooth mus-
cle origin. Although our observations are similar, we would like to em-
phasize that most, if not all, of the hyalin in our material appeared
morphologically distinct from basement membrane, and is considered
to be derived from plasma.

REFERENCES

I. DUSTIN, P., JR. Arteriolar Hyalinosis. In: International Review of Experi-
mental Pathology. RICHTER, G. W., and EPSTEIN, M. A. (eds.). Academic
Press, Inc., New York, I962, PP. 73-I38.

2. CAULFIELD, J. B. Effects of varying the vehicle for OS04 in tissue fixation.
J. Biophys. & Biochern. Cytol., I957, 3, 827-830.

3. LUFT, J. H. Improvements in epoxy resin embedding methods. J. Biophys. &
Biochem. Cytol., I96I, 9, 409-4I4.

4. WATSON, M. L. Staining of tissue sections for electron microscopy with heavy
metals. J. Biophys. & Biochem. Cytol., I958, 4, 475-478.

5. DUGUID, J. B., and ANDERSON, G. S. The pathogenesis of hyaline arteriosclero-
sis. J. Path. & Bact., I952, 64, 5I9-522.

6. STILL, W. J. S., and HILL, K. R. The pathogenesis of hyaline arteriolar sclero-
sis. Arch. Path., 1959, 68, 42-48.

7. McKINNEY, B. The pathogenesis of hyaline arteriolosclerosis. J. Path. & Bact.,
I962, 83, 449-454.

8. WILENS, S. L., and ELSTER, S. K. The role of lipid deposition in renal arteriolar
sclerosis. Am. J. Med. Sc., I950, 2I9, I83-I96.

9. BAKER, R. D., and KENT, S. P. Nature of the lipid of hyaline arteriolosclerosis.
Arch. Path., I950, 49, 568-573.

IO. KUHNS, J. G.; PUCHTLER, H., and SWEAT, F. Histochemical evidence for
plasma proteins in arteriolosclerosis. (Abstract) Anat. Rec., I962, I42, 250.

II. MONTGOMERY, P. O'B., and MUIRHEAD, E. E. A microspectroscopic study of
arterioles in benign and malignant hypertension. Am. J. Path., I954, 30, II81-
II89.

I2. SMITH, J. P. Hyaline arteriolosclerosis in the kidney. J. Path. & Bact., 1955,
69, I47-I68.

I3. PAPPAS, G. D.; Ross, M. H., and THOMAS, L. Studies on the generalized
Shwartzman reaction. VIII. The appearance, by electron microscopy, of
intravascular fibrinoid in the glomerular capillaries during the reaction.
J. Exper. Med., I958, I07, 333-340.

I4. TRUMP, B. F., and BENDITT, E. P. Electron microscopic studies of human renal



354 BIAVA, DYRDA, GENEST AND BENCOSME Vol. 4, No. 3

disease. Observations of normal visceral glomerular epithellum and its modi-
fication in disease. Lab. Invest., I962, II, 753-781.

15. MOVAT, H. Z. The fine structure of the glomerulus in amyloidosis. Arch. Path.,
I960, 69, 323-332.

i6. BERGSTRAND, A., and BUCHT, H. Electron microscopy and renal function in
amyloidosis of the kidneys. J. Path. & Bact., Ig6i, 8i, 495-503.

I7. MCGEE, W. G., and ASHWORTH, C. T. Fine structure of chronic hypertensive
arteriopathy in the human kidney. Am. J. Path., I963, 43, 273-299.

LEGENDS FOR FIGURES
Electron micrographs were made from preparations stained with uranyl acetate.

FIG. I. Survey electron micrograph of a small normal renal arteriole. Intimal tissue
spaces (arrow) between subendothelial basement membrane (BM1) and muscu-
lar basement membranes (BM2) are usually inconspicuous and interrupted by
musculo-endothelial junctions (J). Elastic fibers (E) are normally contained in
these spaces although their small size in this arteriole prevents their adequate
demonstration at this magnification. Outside of the adventitia, arterioles of this
caliber contain few or no collagen fibers. En, endothelial cells; SMC, medial
smooth muscle cells; RBC, red blood cell. X 5,8oo.
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FIG. 2. A lobular arteriole showing intimal hyaline deposit (H). Elastic fibers ap-
pear as a discontinuous darker band (deep blue stain in section). Endothelium
and smooth muscle cells are clearly distinguished. Osmium-fixed, Epon-
embedded, toluidine blue stain. X 350.

FIG. 3. The same lobular arteriole shown in Figure 2. Hyaline material (H) is de-
posited in the intimal space on the lumen side of elastic fibers (E) and is separate
from endothelial and smooth muscle basement membranes (BM). Elastic fibers
are displaced and compressed against smooth muscle cells. Endothelial and mus-
cle cells are well preserved and contain dense pigment bodies (P). A large wedge-
shaped deposit is infiltrating between smooth muscle cells (arrow). X 3,600.

FIG. 4. An arteriole shows marked intimal deposition of hyalin (H) with resulting
severe narrowing of the lumen. At the periphery of the deposits, elastic tissue
(E) is fragmented and partly incorporated within the hyalin or has disappeared.
The endothelial lining is intact and medial smooth muscle cells are well pre-
served. There is some infiltration of hyalin between smooth muscle cells (arrow).
A small portion of intact cytoplasm (Cy) is trapped within the hyalin. X 3,400.
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FIG. 5. Portion of an arteriole with marked intimal hyalinization. The internal
elastica (E), although relatively well preserved, is displaced toward the periph-
ery. Hyalin has infiltrated between individual elastic fibers. Several clear round
spaces are present, probably representing dissolved fat (F). Portions of cyto-
plasm (Cy) are also seen trapped within hyalin. P, pigment. X 6,400.

FIG. 6. Focal intimal hyaline deposit (H) displaces the endothelial lining (En) to-
ward the lumen and elastic fibers (E) toward the periphery. In some areas, elastic
tissue is absent (arrow). A hyalin-free space is recognized between the deposit
and the medial smooth muscle cells (SMC). The endothelial basement membrane
(BM) is partly obliterated by the deposit. The endothelial lining and medial
muscular cells are intact. X 5,600.
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FIG. 7. Focal intimal hyaline deposit (H) is associated with peripheral displacement
of elastic fibers (E). Two intact cytoplasmic processes (Cy) of smooth muscle
cells are trapped within the hyalin. The endothelial lining is intact. Endothelial
cells (En) appear larger and more numerous than under ordinary circumstances.
X 8,ooo.

FIG. 8. The peripheral field of an intimal hyaline deposit (H) lies in close relation-
ship with elastic tissue fibers (E) and the inner layer of medial smooth muscle
cells (SMC). The intercellular space in the upper half of the field is not infil-
trated by hyalin and the muscular basement membranes (BM) are preserved. At
this magnification, hyaline material appears distinctly granular and can be readily
distinguished from basement membrane material which has a more homogeneous
and a finer texture. X 30,000.
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FIG. 9. Hyaline infiltration of intimal elastic tissue. There is separation and disarray
of individual elastic fibers (E) which have become incorporated with the hyaline
material (H). Hyalin reaches close proximity to a medial smooth muscle cell
(SMC), partly replacing the muscular basement membrane (BM). The granular
structure of hyalin is noticeable. X 28,000.

FIG. IO. Peripheral field of a large intimal hyaline deposit. Hyaline material (H)
has completely replaced the muscular basement membrane and is immediately
juxtaposed to the cell membrane of a medial smooth muscle cell (SMC). X 26,-
ooo. Insert: High magnification of the hyalin showing granular elements about
200 A in diameter (circle). X 56,ooo.
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