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Chronic glomerulonephritis induced in the rat by anti-kidney serum
is often accompanied by hypertension and arterial lesions.' Among such
lesions are calicific medial necrosis and acute necrotizing fibrinoid
arteritis. During the current study of anti-kidney serum nephritis in the
rat, both types of arterial necrosis were observed in animals who had
developed severe chronic renal disease. These vascular lesions have been
described and their relation to the renal disease discussed.

MATERIAL AND METHODS
Glomerulonephritis was induced in I55 rats by rabbit anti-rat-kidney serum as

previously described.2 The animals received 0.7 to 3 ml of serum intravenously,
usually in a single injection, but sometimes the amount was divided into 2 or 3 daily
doses. They were kept in metabolic cages and were allowed food (Purina® Chow)
and water ad libitum. Urinalysis was performed at frequent intervals; non-protein
nitrogen (NPN) was measured several times in the course of the study, the last
examination being at the time of sacrifice.

Injection of the serum was followed within hours by increasing proteinuria, fre-
quently reaching several grams per ioo ml of urine; by azotemia of over ioo mg per
cent, occasionally over 200 mg per cent of NPN per ioo ml of blood, and often by
edema. Recovery began after i week. Proteinuria lasting more than 6 weeks usually
persisted throughout the remaining life of the animal, indicating the presence of
chronic renal disease. In such animals, even if the NPN returned to normal, it usually
increased again later.

Fifty-one animals with proteinuria persisting after 2 months were allowed to sur-
vive for an additional period of time. They were killed by exsanguination under ether
anesthesia or died spontaneously 22 to ii months after induction of the disease.
All tissues were fixed in formalin and embedded in paraffin. The sections were stained
with hematoxylin and eosin, the periodic acid-Schiff (PAS) reagent, Mallory tri-
chrome, toluidine blue for metachromasia, Verhoeff's elastic tissue stain and the von
K6ssa stain for calcium.

RESULTS
Renal Lesions. The changes of chronic glomerulonephritis were ob-

served in all 5I animals and were severe in 40 of these. The severity of
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the disease was roughly proportional to the dose of serum and to the
duration of the disorder. The kidneys were at first enlarged, sometimes
markedly so, being 2 to 3 times the normal size. They were pale and
generally smooth. By the end of 3 to 4 months, they shrank to their
normal or even to subnormal size and were firm and finely granular.
Atrophy increased with progression of the disease. Microscopic changes
corresponded to the gross appearance. At 2 Y2 months, most of the
glomeruli showed partial obliteration by intercapillary fibrosis and
fibrous crescents, but many capillaries were still patent (Fig. i). These
glomerular changes progressed rapidly or slowly, terminating in diffuse
fibrosis (Fig. 2). In addition to crescents, many glomeruli exhibited de-
posits of pink-staining homogeneous or somewhat fibrillar material,
probably a protein, on the inside of the Bowman's capsule. This sub-
stance was similar in its staining reactions to the tubular casts. Later
the deposits tended to calcify. At various stages one could observe
glomeruli with dilated Bowman's space which probably corresponded to
the tubules obstructed by casts. The tubules were at first rather well
preserved, showing only focal atrophy (Fig. i), but later became ex-
tensively atrophic (Fig. 2). In the terminal stages all the tubules were
severely altered and were frequently surrounded by a calcified ring, prob-
ably calcified basement membrane. Large pink hyaline casts were ob-
served in the tubules, mainly in the outer medulla, and later also in the
cortex (Fig. 2) and in the inner medulla. With progression of the
tubular atrophy, interstitial fibrosis increased as did the lymphocytic
and plasma-cellular infiltration of the stroma. All animals with vascular
lesions had severe renal disease, but the reverse was not always true since
some animals with severe renal disease had no vascular lesions.

Vascular Lesions. Arterial lesions were observed in 32 animals. Four-
teen showed calcific medial necrosis of the aorta and its major branches;
iI revealed acute necrotizing arteritis of small arteries, mainly in the
splanchnic region but also in the testis, heart and thyroid and in 7 ani-
mals, both lesions were present simultaneously. Of the 5I animals, 24
lived 2 Y2 to 4 months. Eleven of these exhibited arteritis, and 3, arteritis
and medial necrosis. The remaining 27 animals lived 4 to I I months; I4
of these had calcific medial necrosis and 4, both medial necrosis and
arteritis. Moreover, in animals that had both lesions, arteritis was in the
healing stage.
The lesions of arterisis were very similar to those that have been

produced in rats by perirenal cellophane or silk encapsulation or by con-
striction of renal arteries.35 The arteritis consisted of fibrinoid necrosis,
mainly in the media, with proliferation of mononuclear cells in the
adventitia and to a lesser degree in the intima (Figs. 3 and 4). A variable
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number of polymorphonuclear leukocytes and lymphocytes were present.
In more advanced lesions, fibrinoid necrosis appeared also in the intima
(Fig. 4). Healing was usually by fibrosis of the wall, though regeneration
occurred if the damage was slight.

Medial necrosis was seen predominantly in the aorta but also in the
main coronary arteries, in the carotids and the iliacs and sometimes in
the main renal and mesenteric arteries, but not in the smaller renal or
splanchnic branches. A similar type of medial necrosis has been described
after total or subtotal nephrectomy and after administration of poorly
soluble sulfonamides.f8 Necrosis and calcification usually began by dis-
solution of muscle fibers in the middle third of the media followed by
calcification, distortion, and sometimes fragmentation of the elastic
fibers (Figs. 5 and 6). In severely affected vessels, damage to the wall
was often followed by aneurysmal dilatation. As a rule, there was no in-
flammatory reaction. Healing occurred by calcification followed in more
severe instances by cartilaginous and bony metaplasia. Appreciable
amounts of metachromatic material were often seen near the areas of
necrosis and occasionally were more diffusely distributed in the media.

Other Organs - Stomach. In io animals with medial necrosis, the
muscularis of the stomach showed extensive changes, especially at the
junction of the cardiac and fundic parts. These changes consisted of
necrosis and lysis of smooth muscle fibers, occasionally accompanied by
calcification of the stroma (perimysium) (Figs. 7 and 8). As a rule, there
was no inflammatory response, though occasional foci of neutrophils were
seen. The alterations in the muscularis were identical with those seen
after bilateral nephrectomy or sulfonamide adminstration.8'9

Heart. Focal collections of mononuclear cells were observed in the
myocardium of many animals. They were apparently unrelated to the
vascular lesions.
Cecum. Severe inflammation and ulceration of the mucosa were present

in a number of animals with advanced renal changes. These lesions ap-
peared to be analogous to the uremic colitis in man.9

COMMENT
Hypertension and vascular disease are often encountered in experi-

mental glomerulonephritis. The cause of each is poorly understood. In-
flammation and subsequent scarring lead to the narrowing of the
glomerular vascular bed and to a decrease in renal perfusion. It has been
suggested that this decrease activates the Goldblatt mechanism, stim-
ulates release of renin by the kidneys, and increases formation of angio-
tensin in the blood. These events may explain the hypertension of acute
glomerulonephritis. In chronic glomerulonephritis, an alternate explana-
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tion is possible, namely, that extensive atrophy of tubules gives rise to
renoprival hypertension. Unfortunately, a high blood pressure reading
provides no clue to its origin. Vascular lesions seen in glomerulonephritis
are also non-specific. As is well known, necrotizing arteritis can be in-
duced in animals not only by renal damage but also by injection of for-
eign protein10'11; calcific medial necrosis (smooth muscle necrosis) is
seen after administration of sympathicomimetic amines,1' parathyroid
hormone,12 vitamin D,13 etc. When these lesions are seen in the rat fol-
lowing renal manipulations, however, the type of manipulation is def-
initely correlated with the vascular alterations; interference with renal
hemodynamics by means of an arterial clamp or by wrapping the kidney
in silk is followed by hypertension and by acute necrotizing arteritis.
Total or subtotal nephrectomy or severe damage to the tubules, par-
ticularly those in the medulla, are associated with hypertension and with
calcific medial necrosis ("cytolytic" necrosis of smooth muscle).9,14
Consequently the type of vascular alteration may be used to indicate
whether hypertension accompanying a renal disease is "renal" or "re-
noprival" in origin. Since hypertension, on occasion, occurs without any
vascular lesions and vascular changes appear in the absence of hyper-
tension, it has been suggested that arterial necrosis is caused by a dif-
ferent factor or by a different constellation of factors from those causing
elevation of blood pressure.15

Until this point has been clarified, it may be better to speak in more
general terms of a "renal state" and a "renoprival state," to denote two
different sets of alterations each of which includes hypertension and
vascular changes. The principal mechanism of the "renal state" is prob-
ably release by the kidney into the circulation of a pressor, and perhaps
also of an angiotoxic, substance. The cause or causes of the "renoprival
state" are not actually known. The normal kidney may possibly in-
activate pressor and angiotoxic substances produced elsewhere in the
body, or the kidney may play an important role in the metabolism of the
smooth muscle cells. Particular suspicion has been attached to the dis-
turbance in the metabolism of calcium and phosphorus which occurs in
severe renal insufficiency.1 It has been shown, however, that "renoprival"
hypertension and vascular lesions can appear in the absence of renal
excretory failure.16'17 Some of our animals with medial necrosis (smooth
muscle necrosis) had only mild or moderate renal insufficiency as mea-
sured by theNPN level in the blood. The relation of the kidney to hyper-
tension has been reviewed by Peart.18
The results of this study suggest that both the "renal" and the "reno-

prival" mechanisms operate in chronic glomerulonephritis in the rat and
that they operate in sequence. In the early stages of the disease, the main
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vascular lesion is acute necrotizing arteritis-in the late stages, calcific
medial necrosis. These findings agree well with the concept that the
Goldblatt mechanism is activated by the narrowing of the renal vascular
bed, but becomes de-activated when the blood flow decreases toward
zero. The role of the tubules in the development of the "renoprival" state
is presumptive, but it is supported by the experience with sulfonamide
nephropathy.8'9
Though the pathogenesis of human glomerulonephritis is not neces-

sarily the same as that of anti-kidney serum nephritis, the evolution of
lesions is quite similar leading to eventual obliteration of glomeruli and
atrophy of tubules. The morphologic analogy suggests also that in man
the hypertension of glomerulonephritis may be in part "renal" and in
part "renoprival." Unfortunately, in man, vascular lesions, when they
occur, cannot be used to support this premise. The principal necrotizing
lesion is fibrinoid degeneration of arterioles which is probably related
to the severity and duration of the hypertension rather than to its origin
and to the concomitant renal insufficiency. It is well known that the
"renal" (Goldblatt) mechanism can operate in man, but doubts have
been expressed about the occurrence of the "renoprival state," because
man can live without kidneys for a long time and fail to show elevation
of blood pressure.19 This argument is not necessarily valid, because peo-
ple without kidneys are kept alive by means of an artificial kidney or
peritoneal dialysis which may remove the extra-renal pressor substances
from the body or may help to counteract the metabolic disturbances.
Recently Sommers, Robbins, Babin and Knaack, using a different ap-
proach ("mapping technique"), came to the conclusion that hyperten-
sion of chronic pyelonephritis was most likely "renoprival" in origin.20
Hypertension in advanced chronic glomerulonephritis may prove, at
least in part, to be of similar nature.

SUMMARY
Among 5i rats with chronic anti-kidney serum nephritis, 32 had

necrotizing arterial lesions. Eleven animals showed acute inflammation
of small arteries; 14 exhibited calcific medial necrosis ("cytolytic smooth
muscle necrosis") of large elastic arteries, and in 7 there were both
lesions.

Arteritis was most common 2 Y2 to 4 months after induction of neph-
ritis while medial necrosis was seen mainly after the fourth month.
Animals with arteritis showed moderately advanced glomerular disease

and comparatively little tubular atrophy. Animals with calcific medial
necrosis had advanced glomerular lesions and extensive tubular atrophy.
The relation of both types of arterial lesions to the "renal" and "reno-
prival" state has been discussed.
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It is suggested that in experimental animals, as well as in man, vascular
lesions and hypertension in the early stages of glomerulonephritis are of
"renal" origin and are probably caused by the secretion of angiotoxic
or pressor substances by the kidneys. In advanced chronic glomerulo-
nephritis, on the other hand, vascular lesions and hypertension may be
related to the loss of detoxifying or metabolic functions of the tubules
("renoprival" state).
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LEGENDS FOR FIGURES
Photomicrographs were prepared from sections stained with hematoxylin and eosin.

FIG. i. Kidney, ii weeks after injection of anti-kidney serum. There is moderate
fibrosis of glomeruli and slight tubular atrophy. X go.

FIG. 2. Kidney, 6 months after injection of anti-kidney serum. Advanced fibrosis
of glomeruli is encountered with extensive tubular atrophy and large casts in
some of the tubules. X 90.

FIG. 3. Section from the same animal shown in Figure I. Severe arteritis and
periarteritis appear in the pancreas. X go.

FIG. 4. Twelve weeks after injection of anti-kidney serum. Fibrinoid necrosis and
marked inflammation are manifest in a small mesenteric artery. X 400.
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FIG. 5. Fourteen weeks after injection of anti-kidney serum. The aorta exhibits a
streak of smooth muscle necrosis in the mid-third of the media. X 400.

FIG. 6. Section from the same animal shown in Figure 2. Marked thinning of the
aorta and extensive calcifying necrosis are shown. The "fracture" is probably
an artifact. X 550.

FIG. 7. Section from the same animal shown in Figure 6. "Cytolytic" necrosis of
smooth muscle appears in the wall of the first part of the stomach. X IOO.

FIG. 8. A higher magnification of the area shown in Figure 7. Complete disappear-
ance of the muscle fibers and preservation of the stroma are shown. X 400.
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